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various financial trading systems to provide information

about capital adequacy and value at risk. Given a set of
Compliance Rules which can be expressed in computerisable
20 form, it is relatively straightforward to build a
computer system which scans the available data and looks
for apparent breaches of these Rules, as for example in
the BT CREDIT CARD FRAUD MONITORING SYSTEM. However,
because of the complexity of such markets and the large
F] sums of money involved, from time to time banks and other
organisations suffer substantial losses when one or more
ingenious individuals exploit loopheoles in the rules to
conduct trades which are apparently successful and
compliant but which prove to have been disastrous
30 (Barings, Sumitomo, GE, NatWest etc..). Once these
loopholes have come to the attention of the companies
they are usually blocked, but by which time it is too
late.
In accordance with a first aspect of the present
35 invention there is provided a system for generating
compliance rules, the system comprising
a compliance rule memory for storing compliance rules;



2 generation neans for generating virtual trading histories, virtual
tradi ng behavi ours and/or virtual conpliance rules; selection neans for
selecting virtual trading histories, 5 virtual tradi ng behavi ours and/ or
virtual conPQ%FE¥7rul es; and updating neans for storing vi PEWSBO#IT i ance
rules in the conpliance rule nmenory, wherein the virtual conpliance rules
have been devel oped with reference to 102 the selected virtual trading

hi stories, virtual trading be? vi ours_apd/ or virt%%J_go pliance rules. In
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behaviours in a virtual trading environnent. e selected irregular
trading hi st dfvVestdrrhERgFEodSsPERN1ERENa HECFRRE e PPN conpl i ance

officer who compliance rules, the method comprising

15 generating virtual trading histories, virtual trading
behaviours and/or virtual compliance rules;
selecting virtual trading histories, virtual trading
behaviours and/or virtual compliance rules; and
storing virtual compliance rules in the compliance rule

20 memory with reference to the selected rules, histories or
behaviours.

The compliance system generates and selectsg virtual
trading histories or behaviours which may not yet have
been observed in the real trading system and which have

25 an appreciable level of apparent irregularity, eg. they
may be unusual or unconventional in some way (indicating
that they may be fraudulent) or they may carry an
unacceﬁtable level of risk. Alternatively the compliance
gystem generates and selects virtual compliance rules.

30 The present invention provides a system which can
detect irregular trading histories before or soon after
they are carried out in the real trading system. This is
achieved by generating and selecting irregular trading
histories or behaviours in a virtual trading environment.

35 The selected irregular trading histories or behaviours
can then be reviewed by a human compliance officer who
can formulate appropriate new virtual compliance rules.



can formul ate appropriate new virtual conpliance rules. 3 The present
invention effectively provides a virtual trading system- ie. the

conpl i ance rwbessmypry is continually updated with referencepéfchboirss
performance of the virtual histories, behaviours or rules in a virtual 5

trading system The virtual trading systegn may be separated either
tenporally or physically away fromthe real trading system as discussed
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hi stori es eachkre performed when the real trading system (or a
15 particular trading computer which makes up the trading
gsystem) is not presently being used for trading. 1In this
case the virtual trading system is effectively temporally
separated from the real trading system. This maximises
use of the processing power of the real trading system
20 and at the same time ensures that the performance of the
real trading system is not degraded. Alternatively the
two functions may be run simultaneously but with the
virtual compliance rule function at a lower priority.
In a second example, the compliance system may be
25 created physically located in a separate computer. In
this case the virtual trading system is effectively
physically separated from the real trading system. The
compliance system continually updates the compliance rule
memory with reference to the behaviour of a virtual
30 trading system in which virtual trading histories or
behaviours are cultivated by the cultivation means. This
ensures that the performance of the real dealing system
is not degraded.
Typically the virtual trading histories each
35 comprise a sequence of transactions, and the virtual
trading behaviours each comprise a set of rules relating
to trading strategy (an example of which is given by the



35 conprise a sequence of transactions, and the virtual trading behaviours
each conprise a set of rules relating to trading strategy (an exanpl e of

which is g|w§€9Q&BBye 4 "tigers" illustrated in Figure 5%§H¥§§P%6ﬁ%ual

conpl i ance rurées conprise rules which determ ne whether a tr
sequence of transactions is conpliant. In one exanple the generation neans
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out transactions in_.the r t yste then the tradin ories or
behavi ours of @ PHerFSSEEDF?a{ESrEﬁ? ?g%]z Fretng oslﬁree“é‘eneba%ﬁ %??WP;:& Thi s
makes it norethekeiyttbat tradingnpiseorciesysdenconptigenesradena virt uaI
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virtual hjstopie acéﬂaweﬂswadwgeﬁl@yofwéfyféegl 25cadifid i al .histories,

behaV|ours or rules 1nTaccordance w't eneti ¢ orithm:- Suitable
genetic al goerhﬁk’laﬁaseQBﬂﬁPFoﬁﬁﬂf %?'B@%W‘hgnﬂe?ﬁ]rﬁ%st% &qBkcussed in

the referencetkgakn: bebae}neahazlng@tgm V\théiﬁn@éltﬂué\@éﬁéﬁdﬁm‘orﬂ‘ Dat a
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(hereinafter WEBREel enPE-PTSIFRTEH; SXAIRE ike
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15 is carrying out transactions in the real trading system,
then the tfading histories or behaviours of the rogue
trader will be input to the generation means. This makes
it more likely that the compliance system will generate a
virtual compliance rule which closes the loophole and
20 identifies the rogue trader, and also ensures that the
histories are more representative of the real trading
behaviour.
Preferably the generation means generates the
virtual histories, behaviours or rules by modifying
5 initial histories, behaviours or rules in accordance with
a genetic algorithm. Suitable genetic algorithms and
evolutionary programming techniques are discussed in the
reference book "Michaelewicz, Zbigniew; Genetic
Algorithms + Data Structures = Evolution Programs; 3rd
30 Edition Springer, 1996" (hereinafter Michaelewicz). 1In
this case, the genetic algorithms use "genetic material®
(such as real trading histories from the real trading
system, and/or previously generated virtual trading
histories) to “breed" wvirtual histories, behaviours or
35 rules. For instance the genetic algorithm may comprise
selecting a pair of initial histories, behaviours or
rules, and "mating" them by extracting a portion of each



system and/or previously generated virtual trading histories) to "breed"
virtual histories, behaviours or 35 rules. For instance the genetic

al gorithm mavo e#sa307 se selecting a pair of initial historieseCliehesdileesr s or
rules, and "mating" them by extracting a portion of each 5initial

hi story, behaviour or rule and conbining tshe extracted portions. The pair
of initial histories, behaviours or rules may be selected randomy froma
pool of initi alnit sabrhistomenhehaniour qwirade Andeestiindng £he each

ini tial tradi ngehs¢0ed, @ﬂ&%@ur e 9% B iHA\E AN BETE il d
"geogr aphi c" factor and phguaqu% initial, histories, eh viours or rules

are sel ected HJRRAVIQHTS s‘PFF TS5 R, sedesitesh &ang 9™ e dRSk i ve
" geogr aphi c” f@@tm’ﬁtléso histories Onselexdmire die rulesyal Aawaﬂdaammrwl es

may be determ ned by n_c i,ance of fi,c i e, theldentlflcatlon
means di spi ays® ?%é i%ﬁa’c%%g} c?][r%alhlt F5dig brﬁ%ﬁvd‘lpugs Fr B MURE VAN t he
human conpl i arme addochatddrgeedmpla csuiffsaltior \and ddle (ptam:d |c£-:momzrt11]aé. or

15 rules. %‘?‘i&%ﬁ naﬁéﬂaeue loer %e}/s’uratgéalseci%rgy |da% ruI es are

det er mi ned aut e system her compri sé regul arisation
means for det e'rmwrtm»jume p/mqm igoresidonteaaeuwds b tdveritrh g esplesttion
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15 rules. In an alternatlve example the virtual compliance

rules are determined automatically - ie. the system

further comprises regularisation means for determining

the virtual compliance rules from the selected virtual

trading histories or behaviours (optionally with suitable
20 human supervision).

In one embodiment the regularisation means generates
initial virtual compliance rules from the virtual trading
histories or behaviours, and modifies the initial wvirtual
compliance rules in accordance with a genetic algorithm.

25 Suitable genetic algorithms and evolutionary programming
techniques are discussed in Michaelewicz.

The histories, rules or behaviours are generally
selected on the basis of some predetermined or adaptive
(eg neural network) algorithm. 1In a preferred embodiment

30 the selection means comprises scoring means for
determining an apparent level of irregularity of the
virtual trading histories; and

identification means for selecting virtual trading
histories which exceed a predetermined apparent level of

35 irregularity.

The apparent level of irregularity of the wvirtual

trading histories may be determined in any suitable way.



determ ning an apparent level of irregularity of the virtual tradlng
hi stories; and identification neans for selecting virtual trading histories

whi ch exceed,@ﬂyg?ﬁgeterm ned apparent |evel of 35 irregul aﬁérycm'{)ap, 5
apparent | evel Irregularity of the virtual trading histories may

determ ned in any suitable way. 6 Typically the virtual trading )
hi stori es each conprise a sequence of virfual transactions, and the scoring
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conpl i ance ruf ored he co ance The virtual
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The generation means may generate virtual dealing

15 histories which do not comply with the current compliance
rules. However in a preferred embodiment the generation
means only generates virtual dealing histories which
comply with the current compliance rules stored in the
‘compliance rule memory.

20 The virtual dealing histories may be checked against
each one of the current compliance rules. However if
this is computationally excessive then the virtual
dealing histories could be checked against one or more
selected current compliance rules. In one embodiment the

25 virtual dealing histories are checked first against the
current compliance rule or rules which are most likely to
be broken, and second against one or more current
compliance rules which are selected stochastically.

In a preferred embodiment the real trading system

30 comprises a plurality of trading computers connected to a
common network, and the compliance monitoring system is
implemented by one or more of the plurality of trading
computers, typically assisted by one or more dedicated
compliance computers. This ensures that the computing

35 power available to the compliance monitoring system
increases linearly with the computing power available to
the real trading system.



In a preferred enbodi nent the real trading system 30 conprises a plurality
of trading conputers connected to a comon network, and the conpliance
moni tori ng wyskRMerS | Npl enented by one or nore of the pl ur?bir;dbg%l.;sgadi ng
conputers, typically assisted by one or nore dedi cated conpliance
conputers. This ensures that the conputing 35 power available to the
conpliance nonitoring systemincreases | near| y with the conputing power
avai l able to the ragdi y. s 7 t SIITl j.mvent i t he
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transacti onsghoi FOHRMLAEN s ¢ONBISESTNE XSt &r e SYSAEM ¢ £ HeLt QNPT i ses
a conpliance nonitor ich nonitors transactions carrjed out on a real

| whi ch ]
trading 25 S3RELAYWERAYEPRFRNER BRe (Feeerhpifance M id 23R HY in the
conpliance rpafci®ubay. that if a loophole is already being exploited

15 by a trader then the probability of behaviours being

cultivated in the Greenhouse which exploit this loophole
is considerably increased.

The compliance rules in the compliance rule memory
can be used in two ways. In one example the rules are

20 simply consulted by a human Compliance Officer to enable
him to make a decision on whether a series of
transactions is compliant. In a second example the
system further comprises a compliance monitor which
monitors transactions carried out on a real trading

25 system with reference to the compliance rules stored in
the compliance rule memory.

In accordance with a third aspect of the present
invention there is provided a system for generating
trading behaviours, the system comprising

30 a trading behaviour memory for storing trading
behaviours;
breeding means for generating virtual trading behaviours;
growth regulation means for comparing the virtual trading
behaviours with actions of a real trader, and selecting

35 trading behaviours which correspond with the actions of
the real trader; and



In accordance with a third aspect of the present invention there is
provi ded a system for generating tradi ng behaviours, the system conprising

30 a tradj viour nenory for storing tradi ng behaviours: breeding
means for géﬂgwgggﬁg virtual trading behaviours; growh regﬁF3F¥§W°H@%ns
for conparing the virtual trading behaviours with actions of a real trader,
and selecting 35 trading behaviours whi ch correspond with the actions of

the real tra ) i I e St OLH . ected tradin
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behavi ours in"t j g i our, menory. |In accor th a fourth
aspect of thdghasiaurs irihetiading ikehasiowedemarmt-hod of generating 5

tradi ng behavi our spp tdredRidiet RN |51 Mg sHddi0 dff dteNPriefadmd ours;
conparing the trading behaviours with the action q{ a real trader
sel ecting tradt¥RP VS hiRIPEASE D RRERAD 19 9ensEEtdRg of the real
L r ﬁder; and air:ardﬂmh tﬁa?]aa%dm?dfﬁhad%md&m'pﬁﬂﬁﬁim genkGattimgdi ng

ehavi our nenory,. The third an ourth as ts of f.he inyent.i on generate
tradi ng beha\r}iorﬁﬁ‘s“‘-{i ehavioft s GQiRar g g@?%gﬂ@%&’.%@ﬁ‘ﬁgw&%i ch
correctly preadietadthieommstobres mHala treadert r axbdrectiimg tradifg exanpl e of the
I nvention w | Qﬁi§ gl | 0.t C |
drawi ngs, in Av%rl[bg}# - %ﬁ%d}?%ﬁé@%&\%{rﬁ ﬁ'sﬁ}f}?tl%eor%ﬁ% qbo?‘%c%r%?%r %%ﬁao t he
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functiong m gita i berthvilduP ebRet ween a nunber of different conputers
in a distributed system, FIG 3 is a 'schematic flow diggramillustrating the

. 3
functions set out THHird Andfqupkh @speghfe Rl ithe BWeRtd@am
i Il ustrating gerdratid rntadilre buidwiours Hie 3, a set of rules relating

to trading strategy) which correctly predict the actions
of a real trader.
15 An example of the invention will now be described
with reference to the accompanying drawings, in which:-
FIG 1 is the overall functional block diagram of the
Trading Irregularity Detection System;
FIG 2 is an example of how these functions might be
20 distributed between a number of different computers in a
distributed system;
FIG 3 is a schematic flow diagram illustrating the
functions set out in Table 2;
FIG 3A is a schematic flow diagram illustrating a
25 first alternative to FIG 3;
'~ FIG 3B is a schematic flow diagram illustrating a
second alternative to FIG 3;
FIG 4 is a functional block diagram of an
alternative Trading Irregularity Detection System in
30 which genetic means are used to devise new compliance
rules;
FIG 5 is a schematic diagram of a system for
generating trading strategies;
FIG 6 is a diagram illustrating a crossover
35 function;
FIG 7 is a diagram illustrating a breed function;
and



FIG3B is a schematic flow diagramillustrating a second alternative to FIG
3; FIG4 is a functional block diagramof an alternative Trading

| rregul ari tywoDRstsesnri on Systemin 30 which genetic nmeans ar eecisenosior7sdevi se
new-conpliance rules; FIG5 is a schematic diagram of a system for
generating trading strategies; FIG6 is adiagramillustrating a crossover
35 function; FIG7 is a diagramillustrating a breed function; and 9
FIG8 is a di agrarﬁIGIQJsiﬂfaa | ipgramuiledl ukttza ting imstere edefaibl amwssover
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a virtual corrgflance ru ure is a flow di agram
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11is a flow daciandh | astd aHRGd e dhdeainej on of a "pet” virtual
tradi ng behavi our;_and FlIgure 13£'s a flowdia ram i1lustrating the growh

g
10 regulfation of BEiguxs 1438 (Al %aﬁﬁ?é“r Bstahing e FTTHL now t o
the draw ngs ddguiRittion aofl a nrirtaldly tdradidg béterasir ; there is shown

schenatlcallyaTr di n equl arjt tection System.in i,ch a

Trading Syst em 20 Eine b L1k e n iR deditn

Conpl i ance PatégyREFHoR20f The'pélt andtREA mayadioidy behariamir ceamdnpri se a

| ar ge nunber of c 3B s_?ﬁ] th e Part
22 nonitors transac oﬁésslas %g/ arg?%@%?% |Sn {%Bg ?}%?} radi ng
Part 21 with redwlaticen tof & swetl Worplalamampliancetorksl- i n dat abase 19.

A human Conpl i anceg,g,{lé;p@r (not shown) also selectively nonitors

transacti ons bei ngR carrred out in
eferring now to the drawings in detail and

initially to FIG 1 thereof, there is shown schematically
a Trading Irregularity Detection System in which a Real

15 Trading System 20 comprises a Real Trading Part (RTP) 21
and a Real Compliance Part (RCP) 22. The RTP and RCP may
both in practice comprise a large number of computers,
programs and databases. The Real Compliance Part 22
monitors transactions as they are carried out in the Real

20 Trading Part 21 with reference to a set of compliance
rules stored in database 19.

A human Compliance Officer (not shown) also
selectively monitors transactions being carried out in
the RTP and attempts to formulate new compliance rules.

25 When the Compliance Officer formulates a new rule, the
rule is first saved in database 19 as a soft compliance
rule. If the soft compliance rule is broken by a trader
then the Compliance Officer is informed. The Compliance
Officer can then talk to the trader inveolved. 1If a soft

30 compliance rule becomes formally approved by the bank’s
management then it is converted in the database 19 into a
hard compliance rule. Thus the database 19 comprises a
mixture of soft compliance rules (which are merely used
to inform the Compliance Officer of potentially non-

35 compliant transactions) and hard compliance rules which
are used to prevent a transaction from being completed.



the RTP and attenpts to formul ate new conpliance rules. 25 Wen the
Conmpliance Oficer fornulates a newrule, the rule is first saved in
dat abase 19_as_a soft conpliance rule. If the soft conpliance rule is
broken by aY“4%¥&&%t hen the Conpliance Oificer is informed. PSRBT ance
Oficer can then talk to the trader involved. If a soft 30 conpliance rule
becones formally approved by the bank's H&nagenent then it is converted in

t he dat abase 19 inf.ﬁ)e M%fﬁ%&%%ﬂlﬁ J&%e%{)}?au%a?%ﬁfecigc&%p” ses

a mxture of soft conplTance ru | ar e mer _ nformthe
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Hi stories whiThading Histqpiesivilch appes eri gpmbehidbley afpareregul arity
are identified I I figation 28 and, then vir conpl i ance rul es
10 which coﬁggﬁg’ﬁg&é %é%’f%eﬁ%‘g’e%{}’str%gatﬁearlliearfe{&o%mr%ﬁ 29 and added by
updat i ng neanbd&tt iHicdeian rmeans GhmEnditerParirnl Rtk knice thel s®al
Conpl i an Paft . ' | ; | ans
31. It mg@ bgﬂ%%%eénc?‘é% S‘?(I:)f%l ‘oe\?vci%é\ﬁ%é%ﬁa%g?%f %pd%%ggz&ggﬁéﬁaﬁi ng'
stage i n whi can@xadded Py ampdating MearstN i e ol RMpiaiefice to

a new ruldgt Wg@&fvc t%.i P@Eef&eibl'tﬁhttﬂ@%&&hl iﬁ@ﬁf@%%ﬂf@m :?s5,a]3él§l a
u up | stage | I C e new rule, ayvln een proven an
exam ned rmre'gE %fgg‘ﬁ’ré}‘ TRESRIRRY 114 FRe %t‘%&%"e"g‘l@ W‘P%S%Joci at®ed with

Real Conpl i ansgy Rpe tcd@veniiynt e 41Tmw theo nevagaes eofraypdetindpeen
gener al i sed and. rer ged: W Lp O NPTt e A Tb AL S AL HEMEY MG &
are scanned by reference to a new rule which has just
been introduced into the Greenhouse 25, and a ‘full
updating’ stage in which the new rule, having been proven
and examined more thoroughly, is added to the database 19
20 associated with Real Compliance Part 22. By this time
the new rule may have been generaliged and merged with
other rules in a more convenient whole. Of course this is
a logically simplified schematic, and in practice the
functions described here may be implemented on a large
r:] number of computer systems all connected appropriately,
and in particular different aspects of the system
identified schematically as separate components may be
implemented as a set of logical functions on several
computers, possibly logically integrated with other
30 functions shown here separately.

FIG 2 gives an indication of one possible such
arrangement of functions between computers. A trading
computer 32 implements within itself parts of the Real
Trading System 21a and 22a which perform subsets of the

35 Real Trading Part 21 and the Real Compliance Part 22
respectively, as well as parts of the Greenhouse (24a,
25a, 26a, 27a, 28a, 2%a, 31a) which perform subsets of



alogically sinplified schematic, and in practice the functions described
here may be inplenented on a large 25 nunber of conputer systens all
connected appsmos@t el y, and in particular different aspect spof/GBésn13855t em
i dentified schematically as separate conponents nmay be inplenented as a set
of logical functions on several conputersyy possibly logically integrated
with other 30 functions shown here separately. FIG 2 gives an indication
of one possi bttleesﬂmlncaimxaﬁgwem of Fimcli on@t et vierxd tegpoempytenst r adi ng
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1. A Conpliancem Dmm&:ercﬁﬁpmtten 367p1tleemnirsplémems nchegbrjmacipadbf the Real
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Tr adi ng '@mmwlﬁnmmwtm@mmlwwéﬁlﬁat Itheys owbytbonsunme
consi der abl e puatklhgSehl: CORPUW Ae e WAGHoL fond TaEIC e 2 2aaagNt rom
€s u
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importantly, 441LNSsHSImé h@énéf@eﬁmp@t@ia@@yme@mfI@chhput@rtﬁ@w@@rrpl i ance
and G eenhouse functlons S essentlalj%l)[ equal to the s ter power

avai | abl e 20 WRent Hee TYERATES PFacR %'f‘a‘f‘l‘&%lzf)fm%&é’@%?(:o t8r.

15 allows productlve use of the equipment without degrading
the performance while the dealers are using it. Even
more importantly, it ensures that the computer power
available to the Compliance and Greenhouse functions is
essentially equal to the sum of computer power available

20 to the Traders, plus the assistance of a supercomputer.
The psychological value of having a potential fraudster
realise that he is competing against his own trading
computer plus the combined power of that of all his
colleagues and a central supercomputer is considerable.

25 Clearly other organisations of the distribution of
functions between computers are possible.

In Table 1 (see Appendix) we give a simplified
illustrative example of a trading system, which will be
used to indicate how the components of the Greenhouse

30 could be implemented. There are assumed to be two
primitive operations in the system, 40a Trade and 40b
Settle so that for example if a (rather inactive) trader
executes two simple transactions and has them settled the
sequence of primitives might look as in the Example 41.

35 The sequence of transactions 4la-4 is an example of what
is referred to herein as a "trading history". There are
two types of State Variable 42a and 42b which model the



The psychol ogi cal value of having a potential fraudster realise that he is
conpeting against his own trading conputer plus the conbined power of that

of all his gglheagsyes and a central superconputer is consi dg&.g}ea:lts\?% 985

Clearly other "ofgani sations of the distribution of functions o
conputers are possible. In Table 1 (see‘@ppendix) we give a sinplified
Illustrative exanple of a trading systeni which will be used to indicate

how the conpgneat §¢ of nkhenLGhRENDRMNEE, 3Praf@L! HoPEs | ARh CHRE! eflegfpier e are

assunmed to be two primtive operations 1n the SéStEﬁ] 40a_Trade and 40b
Settle so thektepfe@xhApPE Faken FEPRcPaATREPUNESTRRABENr TR®cutes two

sinmpl e transgemhfAfscandittan abess sekbleinthewseneetis finitivésves m ght
| ook as in the E?angge 41. 35 Thegfequengg of trapsactiions 4la-d is an
exanpl e of WRQBIF¥ FBeePFabct ¥ertrRifs as2id the#REEHRL{oPYPLiaNERe are two
types of sSt aten¥oradhte 42aeandt 42 Wit theeditdeof tHE Isoake ahdt he
"book' that ghTraderﬁgolds and the credit extended to gﬁ %ﬁ%gn from each

t

counterparty. ?hgrgg n?f@gsﬁ¥%e%°a?n%3c%§$ SRR t h rimtives

modi fy the ssatmplifiiedbi2iustnative examphé Chepdi dmcenby omensradeéent s

iven at 44 Llgl h | t Kk redl 0
gounterpartyghﬁhg?%ignéF%gwg%Fegf?ﬁggétﬁ%.i%%§e§%§g+% ?ﬁ@rgyégr%gléggne
trader and ogeneraligaéntotanderbivrary heetyaf cimabrunent®| 9rbe general i sed

to an arpitragpyusetiet bPSLAUIBG 8n0sadfr 1685V bhlSRebYraddi fRean
addi tional paraneter to the "quantity” field to describe which security is

bei ng consi deFEBNEARY" t 516hd D BPSFHLRRt WRICR ( SREREIEY VPR YRTimits for
each trader gsn#¥elkred,ghnlatol anidsbitiaty $8P06E abtadersobe hiaeinghe

o901} L1 1 p1eEheEls 03h d3oBLeg, g 1 ROBHlALI OlBILL L nEpLifO have
"ecol ogi cal bampantatiti somavbe atnad, thedaldatiemosighorr esteceisnavt
non_Stengle'm;pgspéﬁﬁtgfaﬁoﬁﬁfgffoﬁg will need to have some
n"geographic" factors to ensure that a level of diversity
and "ecological balance" is maintained, and that enough
crossovers are non-sterile. The practical issues in
managing such a set of constraints in real time over a
20 distributed database are non-trivial but are common to
all compliance monitoring systems and are not germane to
the present invention.
Table 2 now shows a simplified example of how the
main Greenhouse functions can be organised. Figure 3 is
25 a process flow diagram illustrating the functions which
are expressed in Table 2 in pseudocode. The functioms
are indicated in Table 2 and Figure 3 using the same
reference numerals. The genetic algorithm illustrated in
Figure 3 generates new virtual trading histories from a
30 pool of initial trading histories. The pool of initial
trading histories comprises real trading histories 10
which have been extracted from the RTP 21 by observation
means 27, and previously generated virtual trading
histories 11 (i.e. cultivated histories). The following
35 procedure is repeatedly followed: at 45 the Real
Histories 10 are hybridized with the Cultivated Histories
11 to produce some Hybrids. At 46 randomly chosen pairs



managi ng such a set of constraints in real time over a 20 distributed
dat abase are non-trivial but are common to all conpliance nonitoring

systens andywig 98/4887 germane to the present invention. Tabl e pePeBbHdIoNs a
sinmplified exanpl e of how the main G eenhouse functions can be organi sed.

Figure 3 is 25 a process flow diagramil;fjustrating the functions which are
expressed in Table 2 in pseudocode. The functions are indicated in Table 2
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Exceptions inchewroPcA{Stion and would not necessarily be a separate
algorithmic step. At 49 the Exceptions in NewPop are
identified from which new rules will be generalised.
These Exceptions are identified by means of a scoring
function Score 63. The scoring function is also the
20 means whereby the selection step in 52 takes place. At
50 the Exceptions are used to generate new rules. It is
sufficient for these illustrative purposes that we assume
that this operation is done offline by the human
Compliance Officer. There are a number of Al-based tools
25 that can be used to assist him or her in this task,
including some ’‘genetic’ approaches which will be
discussed in more detail later. The key point to note is
that although for simplicity the steps 50 and 51 (where
new Virtual Rules are suggested by the Regulate function
30 and the Virtual Rules are updated) are shown as part of
the algorithmic loop, they can be done ‘offline’. It
will be noted that in this simple example we nevertheless
flag members of the New Population that have been
identified as Exceptions (by setting an attribute
35 WasException to True in 49%9a). Exceptions are deleted by
Merge NNX at step 52 before they become candidates to
join the Cultivated Histories. Otherwise there is a



identified fromwhich newrules will be generalised. These Exceptions are

i dentified by nmeans of a scoring function Score 63. The scoring function is
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probablllty %Llectlon proportionate to the Score. A simplified
outline method is given at 52a, although in practice some
form of sampling without replacement might be used, and
an ‘elitist’ algorithm would also tend to ensure that the
highest scoring individual was selected in any event.

20 It is of course possible to consider the more
detailed mechanism discussed above as an example of a
more general procedure in which new members of the
cultivated population are produced by mating and
crossover from a pool of the Real and Cultivated

25 Histories, relying on chance and the probability
distributions of the selection algorithm to ensure that a
reasonable mix is maintained of real and cultivated
material. This more general procedure is illustrated in
Figure 3A. 1In this example a pair of initial trading

30 histories are selected (by "courtship" function 56) from
a pool of initial trading histories, i.e. from the
cultivated histories 11 and the real histories 10. Each
initial trading history has a "state position" in "state
space" which is analogous to geographic location in a

35 natural breeding environment. For instance a trading
history associated with a Japanese Warrant trader will
have a different state position when compared with a



15 selection proportionate to the Score. A sinplified outline method is
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positions will be selected. The probability distribution
may also be dependent on whether the histories X,y are
real or cultivated histories. Figure 3B illustrates an
alternative system, and the "breed" function is

20 illustrated in Figure 7.

In Table 2 we show simple examples of Crossover and

Mutate functions. 1In Table 3 we also illustrate how the
apparent probability of irregularities might be assigned
to a simple system to each history in the array of

25 Histories. The crossover function is illustrated
graphically in Figures 6 and 8. At 53 (Table 2) in the
function XOver which is used to implement Crossover, we
choose random points 70,72 (Figure 6) from the end at
which to cut the Male and Female Histories 74,75 and

30 random lengths (71,73) of each cut. Preferably a random
choice is made which is somewhat biased towards taking
recent histories, for example making the probability of
choosing the k™ element proportional to 1/k. As always,
other variants on this distribution can be used without

35 changing the principles. At 54 we then describe the
Crossover function. The Crossover function creates a
Child 76 by extracting a portion 77 of the male history



P(x,y) is the probability of selecting the two histories x,y. As can be
seen, it is less likely (although not 15 | mpossi ble) that histories with
very differeWO%6%02 positions will be selected. The probabiPCT/GBIS/01785
distfibution may al so be dependent on whether the histories x,y are real or
cultivated histories. Figure 3B illustrates an alternative system and the
"breed" function is 20 illustrated in Figure 7. In Table 2 we show sinple
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conpliance rules. If S0, we return Child, | f 5 attenpt sone
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Wi thin thiss t cogplliseneand False otherw1se, and RepairHeuristic which
either returns a compliant history given a non-compliant
one, or a history of length zero. The nature of the
RepairHeuristic depends on the rule in question, but it
is often enough to delete elements of the History until
20 the compliance test is met. For example outlines of
simple RepairHeuristics for CCl and CC2 are given at 57a
and 57b. There are several factors which will occur to
those skilled in the art of genetic algorithms relating
to these constraints. The practical efficiency of a
] system will be heavily influenced by the way in which
these are handled. On the one hand, some of the
constraints may simplify the construction of mutations
because it may be possible to generate mutations which
satisfy the constraints expeditiously. On the other
30 hand, some of the constraints may be computationally very
expensive to explore, and it may be appropriate to use
stochastic techniques to reduce the work, and accept that
there is a probability that some of the constraints are
violated. 1In particular, it is much less important to
35 check compliance of histories that are not selected in
the next generation. Note that, although the general
problem of making an optimal Repair Heuristic is "hard”
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function,qgn Wigh werh 200981 YosdWiy | $1t5HBRd as the Probability that
an Item is Not Quite correct. Ping-ness is an estimate
of the probability that a trading history merits close
attention from a compliance officer. Each element of the
History has an individual ‘intrinsic’ Ping-ness which is
20 shown as an attribute (H[i]-Ping). At 60 we show in
outline that the Ping-ness of a History is calculated by
summing the Ping-ness of each element and then deducting
any corroborations that are found. This summing is an
approximation to the calculation that would be made if
25 each element was statistically independent, ie (1 - the
product of (1 - each individual Ping-ness)). In our
simplistic example we will consider the Ping-ness of each
individual transaction as being 1%. But it is important
to note that the Ping-ness of an individual transaction
30 could in practice be set at different values depending on
the nature of the transaction, counterparty, and trader,
as well as behavioural elements connected with the above.
Examples of factors which may be taken into account when
assigning a Ping-ness value to a transaction are:
35 a) a transaction with (say) a well known bank
might be less Ping than one with a hitherto un-known
company;



el ements of a history using the Crossover function on 10 itself. Table 2
shows the remai ning el enents needed for an illustrative exanple, nanely an
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take. The fi introduce is the concept of Ping-
This is roughly intended as the Probability that an Itemis Not Quite
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di fferent val ues dgpendi ng on.t nat ur f .the transacti.on, counterparty,
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Exanpl es of factorsf vwhitixdesrehdre tihuilee suggestac chait thiee k ragsiagtiion a
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were un-usual, or un-usual for that Trader, could be gssigned_a higher

degree of 5 how the goy¥rpberatinn Valug ofma HISErHat s lcddateda t hi s
property (seebfabbsking £6r individual elements that corroborate other

15 elements. At 62a we show how distance in "state-space"
-can be used. The method attractiveness calculates
attractiveness based on a function of the distance
between self and spouse (which is maximised at 1). At 63
we give an example of such a corroboration function:

20 where we regard receiving a settlement from a given
- counterparty of a sum exactly matching the value of a
trade as a strong corroboration. At 62 we indicate that
we are going to take the Score equal to the Ping-ness in
this example, although there are arguments for weighting

25 the Ping-ness by a value at risk and for using some
(continuously increasing) function of Ping-ness for the
score, to bias the evolution process appropriately. At
64 we show that in this illustrative example a History
Element (class HistElt) is composed of an Entry, a Ping-

30 ness, a Corrob attribute (initially 0) and an overall PC
(Ping-ness Contribution) attribute (which could be
deduced from the Ping-ness and the Corrob attribute but
which is displayed separately for ease of exposition) and
at 65 we give an example of a History composed of an

35 array of History Elements, which comes from 41.

Although the idea of intrinsic Ping-ness is
appropriate in this illustrative example, it the overall



c) a trader's voice could be recorded and anal yzed for signs of stress -
If the trader exhibits signs of stress then this suggests that the

transacti on widesss9307 shoul d be assigned with a hi gh Ping- nesscivebespi7dst i s
i mportant to note that no transactions shoul d be considered as having zero
Ping-ness. At 61 we show how the corroborgtion value of a History is

cal cul ated, by | ooking for individual elenents that corroborate other 15
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Entry, a Ping- Corrob bute (initial an overall PC
( Pi ng- ness Cbh@PPBGtF@nﬁeﬁﬁFFlHBF@WPEﬁléﬁaEBG¢ﬁ béwﬂ@ﬂu%%%ﬁ¥ron1the

Pi ng- nes%oa”dréh§n€ﬁéfﬁ§ Atilli BUbgebtt tHEnEB1v6s dtSPtRySSl sieppTadely for
ease of exp05|t|oné at 65 we give an exanple of a Hi story conposed of

an 35 array hep ory El enents, which cones from41. Al though the idea of
intrinsic Ping- neSAslQlampbepwemlekhowhhte thbﬂstsmilyaieanﬁﬁe art, t he

appr oaches 1otBEt FRAEERGCh, Rienbebruds 8t fef Arit Nl g lige iRy 01
statistical aBiegsness wiilihbeosensitripatbeth ﬁwrtthﬁrpxaxny¢ab053|bly in
relation,fo itfriciency of the system and for the types of fraudulent
or questionable behaviour that it can detect. 1In the
following simple example we offer a relatively simple
scheme, but issues and refinements are readily added.
For example, statistical approaches to assessing
20 Ping-ness can be made more sophisticated, and various
aspects of Complacence Officer behaviour can be observed
and learned (either by Genetic Algorithm means as
discussed below, or by other well-known means such as
Expert Systems or Neural Networks). To reduce the
25 computational workload of calculating Ping-ness it may
also be appropriate for some of the algorithms for
adjusting Ping-ness to be applied on a stochastic basis,
periodically examining selected members of the breeding
population and adjusting the Ping-ness estimates up or
30 down. This could be done by several parallel routines,
selected if necessary according to the extent to which
applying these routines was making significant
differences to the estimated Ping-ness.
Depending on the level of computational resources
35 available, various measures will be necessary or
desirable to limit the amount of "search space" explored
by the system. For example, there is only limited



5 environnent and possibly in relation to the positions of the history in
Phase Space. Alternatively, a stochastic approach to assigning ping-ness

could be ta hi-h sinple prograns "firing" ping-ness at by ' S
t hey happen&tﬁgwe Je7ct untoward features. Many other 10 ref iryr?g?r@r? @ﬁ\%nell
suggest thenselves to those skilled in the art. As will be well-known to
those skilled in the art, the choice of 4®e methods of defining and

cal cul ating Ping-ness will be sensitive both for the practical 15
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behavi our Eu“éfgd3ﬁepend on the market context and general trading

15 conditions. For example relatively large differences
between the prices at which securities are bought and
sold are less suspicious if the markets are fluctuating
considerably than if they are largely stable. Practical
implementations might encode such contextual information

20 into the "trading histories". One possibility is for
relevant information about trading conditions to be
encoded as "recitals" rather like the "WHEREAS" clauses
in legal documents. Distinguishing the relevant
background information is a non-trivial engineering

25 problem, although for any particular trade there are only
a limited number of markets whose conditions are likely
to be significant. One possibility is for the system to
learn which are relevant market conditions from the
behaviour of experienced Compliance Officers by observing

30 the checks that they make.

Table 3 now shows an illustrative example of

applying the algorithms described to some simple data.
We assume for simplicity that there is only one trader,
so only one Real History which is that shown at 65. We

35 will assume that there are 2 Cultivated Histories, and we
will initialise them by random Crossovers from the Real
History, yielding Cl and C2 illustrated at 81 and 82. We



i ndul ged in by any traders or other enployees of the Bank in question. Thus
the key practical question becones: 5 what steps could be taken in the
next n dayswipwssedrader whi ch m ght expose the Bank to ri sk POTRIBEHLIBAL |y,
it would be possible to restrict the way in which the mating and nutati on
functions are applied to Iimt consideration to short-term continuations of
existing trading 10 histories. Such limts m ght be applied
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illustrajgd afa84iaNdid2préetice2buch a rule would almost certainly be
in place, but the point of this very simplified example
is to give a simple illustration of the principles.
Genetic algorithms are well known for being capable of
scaling up relatively well and cope with very complex
20 situations }. For illustrative purposes we will assume
that a New Virtual Rule is added at 86. As indicated in
the discussion of Fig 1, this new rule could then be used
to scan all the Real trades to make sure that none were
suspicious, and any violators would be brought to the
25 attention of compliance. Note that this means that
another trader who might have been doing un-confirmed
trades can be caught as a result of analysing his/her
perfectly blameless colleague. Finally the Selection
step 52 is performed whereby 2 of the 5 cultivated
30 histories C1, C2, C3, C4 and CS5 are chosen at random for
survival, with a probability proportional to their Score
(possibly with some elitist adjustments). We assume that
C2 and C4 survive.
At 87 we give the effect of the next hybridization,
35 mating and mutation steps, using a condensed notation in
which for example Trade (Fred, 10, 100) becomes T10F100,
with an underline for the elements that have a non-zero



then apply step 45 and Hybridise RL with C2 (chosen at random). C3 at 83 is
obt ai ned, after the Repair Heuristic has renoved an additional "Trade(Fred,

10L, $100) "wolbsgssoyoul d have viol ated CC2 (at 44b). Applyi ngchicroghBs 46
Mati.ng we apossover Cl and C2 to get C4 at 84, and a nutation as Step 47 to

give C5 at 85. For the Identify step 49 wi || suppose for illustrative
purposes that the IdentifyThreshold in IS 4% in which case C4 at 84

h Pi h h h

attribute toCBETORRERE SPue, Mndcr: 218 Ghesen SBERct boblRanelsthPRe: 1o
det er mi ne whebhteatiannéarVepmpakiRohe shbbldhbeehdmedtSanshhenay deci de
that a new rghﬁtingﬁgﬂ B%Fegggestgpr§ e&ﬁeﬁi tQEﬁcér€98§ Qyﬁtaég settl ed

within a certain nu g actice such a rule would
al nost cert aderyved penpkacal Mu€r9Welboaﬁ§ 6ﬂ this gémplifagdifi ed exanpl e

i's to gige asipphe hbhHSBEathengeheEhe 85é9§t8¥§51né?8§ﬁbé akgorithnms are
wel | known for being ca&g bl e of ca I n ively well and,cope with

very conpl ex ©32@mensse yafpdfswpul FBPt gFE?FFé?% 2 Bﬁrbﬁ@egaﬁé R assune

that a New VirghtoakyBdkf,i shaddemight8Ravéssendiradt 66hes gbBAedigcussi on of
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and G are chaggBnal r@&deﬂb%graSEBYRYﬁb cWirh 0281 9E0PARL i LY REBROELL-ONA
to their Score (possibly th sope_elitist ad ustnents). W assune that C2

and C4 survi $8¢ AFr8¢3We ﬁpFeeFﬁE EepBc NG P eth%x?rﬂyBrﬁﬂliaWFBﬁe 35
mati ng and ngifathenpsbbabiltisiyngbasedndansbderoédt benatrowp) co£f ar exanpl e
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deviations of the sizes of the deal. Based on this
information, the Ping-ness of a transaction can be set
using suitable heuristics: for example as illustrated at
92 ‘the Ping-ness could be the mean of the Trader-

20 Pingness, the Team-Pingness and the Group-Pingness and
each of these, as suggested at 93, could be calculated by
adding the intrinsic Ping-ness of the Trader (or Team or
Group, which could be based on the number of compliance
hits previously encountered - and would preferably be

25 algorithmic to avoid people getting excited about

" ‘subjective’ judgements) and of the Counterparty and
dividing by the probability that the trader deals with
the Counterparty and the probability of a deal of that
size, based for example on the observed mean and standard

30 deviation of previous deals with that Counterparty.

These Ping-nesses could also be adjusted based on
statistically-derived curves of typical trader behaviour.
Such statistics would be interesting to compliance in any
case.

35 FIG 4 shows a natural extension of the evolutionary
aspects of the Greenhouse, in which the compliance rules
developed by regularisation means 29 are represented by



22 corroboration. RlL, C2 and C4 are given in this condensed notation for
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coul d be the{Rafy & t%é‘i‘éﬁiﬁrthe%o arép"‘}tqﬂf’s% P g amdivess and the
G oup- Pi ngness and each hese, "as suggest ed at 93, coul d, be cal cul at ed

by adding t h&ishanies d mﬁw’&% B 98P Hhderi ot e drhend 'GRRANT whi ch
coul d be basmmltﬂiﬁewrﬁzﬁrtm Bt drie e e Svdiﬂ&illgﬁ.&ésﬂek@{mnrm red -

and woul d pre bl r|th c to ti excited
about ' subj ec"tqe ﬁg’uffgﬁéﬁ ﬁTﬁsesredg "t’&%’ﬁ%%@’ \}?%?"’Hdr by the
pr obabi | jet y Hmirntéte.dsr alesn otehaé;s amé fapp"ﬂaéa)untmm)@:tqvta'nd%égtelann@bl lity
of a deal at 0 Fe ndard
30 devi at i Bi?g s 3 pr e lo%i%%aé%ﬁﬁ% %ot'“&teer pozératllp ese nqﬁéntgsses
coul d al so b&Elsphatted dxs abtorbraditwhsidh & implde murszh cgmdasmcﬁtm;qms:al
Lrader behavigid fo!dhid agd@agé R DL MR Wb DL AR ANCe 11 any

case. 35 FIG 4 nat ur al "extensi on of the evo utlonar aspects
of the G een®FEEding hath ko AR iehdd e RSP A IRF HAtal

regul ari gat | ghdaAs =4 EllepHa esentell H)Real History that happens to
contain an irregularity this will not be fatal to the
Elephant), and this is indicated by the link at 97
between function 27 and function 96. One general
approach to the evolution and breeding of such Elephants
20 is discussed in Michaelewicz Chapter 12 and is a well-
studied topic in the literature. One possibility would
be for the Elephant’s decision method on how appetizing a
History was to be encoded as a Java Method associated
with the Elephant, and to apply genetic operations along
25 the lines of those contained in Michaelewicz to the Java
code of the Method. The "feeding" and "poisoning®
functions contribute to a "weight" parameter. Once an
Elephant has a "weight" factor above a certain threshold,
then it would be inspected by the Compliance Officer and
30 released into the "wild" to monitor the Real Trading
Environment - ie. in the example of Figure 4 the largest
compliance rule 94g would be saved in VCP 25 and in RCP
22 as a soft compliance rule. The use of genetically
developed "Elephants" is an elegant approach to the issue
E+] of devising new compliance rules, but by no means the
only one that would be suitable, and in any case it is
probable that manual supervision would be required.



23 El ephants. Each El ephant 94a-94g is a potential Conpliance Rule and new
El ephants are bred (by suitable crossover and nutation and ot her speciali st

al gorithns, he |ines described above in Figure 3, 3A 5
random usi ng rée%ﬁ’ng Means 95 and growt h regul ati ng neans ?@"%ﬁé@g‘@? t hey
are "fed" by Ping Cultivated H stories identified by step 49 (with the
"food" being distributed to the El ephanté that woul d preferentially

identify the History), .anqd.to a | r.extent .b epai r .10 uristics when
they arb app Gt Eom et hRaiEl He el (8% cBRBeh: BRe PR thas o
source of "pepraoticad tshetorEteghsyistear ¢ one@nsored tivatc hhei npwy Viiontolalgood
histories, a s | r t |, 1K Stk ed, providing
that | ow dosgdgaﬁ%éﬁéﬁoﬁg‘%ﬁgﬁaﬁ ?té%h}gstpfc%glta P?sé% El ephant is
fed a Real Hiistemty fillest, hwitideA8dis igh8ECh seFUrdtygirasIERSt KPs SRS enot  be
fatal tohe ﬁg%p*aa%&mp@r&-tmlt%fa%é Rl @dalkrt hasl hBk ah Romeetwgen

function 27 éﬁ function 96. One general approach to the evolution and
breedi ng of S#eHIEtERE M ﬁ@vq¥99me§6u§§é§ 1gsm (DN WRakRYSTCREANS 12 and
is a well- stygitedduld @dtedthails/terapteterded peseblbiriyywoul d be for

t he El ephant's deqlibétj on nethod_on_haw a%peﬁtizi ng a_H sto% was to be
encoded as a Java REE SE0EL HYERY 1M 1 SRE S8 EFhBnFO™RAA2AE®appl y geneti ¢
operations alsysreth tHosvdviereshef priioed plest afnetiei inVeahdehewond dt o t he
Java codg, of e Ml gl Juhe kLIl B heddyRAIOTNGh  LHNEREons cont ri bute
to a "weight ™ parameter. ce an ephant has a "wel " factor above a
certain thresedlatt idne meansy@gleass Wﬁgﬁ@@ﬂe&rbﬁiﬂse%¢§ﬁprﬁ§ﬁceﬁ@¥$ﬁcer and

30 released i@ oml |thelr0 ARt .t NeoReah sEhAReN g HEN KN QRFERN - i €.
in the exanple of Figure 4 the | argest caonpliance rule 94g woul d be saved

in VCP 25 andSansREp2select dStitedodsgednfoney-Baking yd&tyflgenetical |y

devel oped " ElropitBes hilstoried agdith 2R edeh be reeiewede t35 deklerfi@tiesi Ng

new conpliance rul es,. but by no.nea the | .
npﬁ new trading stf%tegles %%r uyse in the real trading

gystem. An example of this is discussed below with
reference to Figure 5.

In the most sophisticated embodiment of the present
invention, the greenhouse develops both compliance rules

20 94a-94g (Elephants) and trading behaviours 97a-97f

.(Tigers). Similar genetic operators can be used for the
crossover and mutation of these "programs" but the
fitness criteria used for selection are different.
Referring to Figure 9, the virtual compliance rules 94

25 (ie. Elephants) review trading histories at 100. If the
history is compliant (step 101) according to the virtual
compliance rule 94 then if the trading history has a high
Ping-ness value (step 102) then the Elephant is “fed®
(step 103). Otherwise the Elephant 94 is "poisoned"

30 (step 104). If the history is non-compliant (step 101)
then if the trading history has a high Ping-ness wvalue
(step 105) then the Elephant is "fed" (step 106).
Otherwise the Elephant 94 is "poisoned" (step 107).
Poisoning is slow, so that one or two doses weaken, but

35 do not kill.

Tigers on the other hand are allowed to trade in the
VIP 24, either trading with each other or preferably



only one that would be suitable, and in any case it is probable t hat nanual
supervi sion woul d be required. 24 Careful attention would be given in
t he design afoagsespr actical automated systemto ensure that phg/dgioidest ual
conpliance rules did cover all highly Pinqg cases identified, with auditing
and security measures to ensure 5 that g conputer-literate rogue trader
was not in sone way inhibiting the devel opnent of Rules (by whatever neans)

th?t woul d det:eaalhgsmrah &reﬁx%rsrﬁgﬁaltﬁmﬁ logr bb)ﬁntE:i@a&lt@.%@Rtl gloavargddn
relates to a ¢Q tem wever the pri ) es t he .i nvention
coul d 10 alsg gg ﬁﬁ?gﬁgﬁﬁgd LERT&OR eSy?Fe%EfE %Fﬁ % means
selects virtudertivad ag kjesiatriices lgordh hest oxf y)ysomhem h\eansr)l teria. For

i nstance the L a | e b eg e vj rtua
tradi ng histo?%gggg | Q% %%§%§% %@ rgbfe%&%%Pghde % ¥Tgak¢éﬁy?%adlng
strat egi es fodiasetﬁgethe9ﬁéapeﬁﬁ@dmnglgyyaéntrAnsex&apmg afi ot loirs VTP

di scussed bel gy Wi bl ¢HeCRA0E00 Ol eIon Rakls HRRLYS B aaYed

enbodi ment of “the present |nvent|on he green ouse ops
conpl i ance rutb§n2®h99$399¢gl@EW@Gﬁénﬁé)1éﬁd PﬁéGIW@SBeﬁévﬂéurs 97a- 97f

(Tigers). Sinmnbasggaeali @coraqrsat orﬁ %@ ke resad fc%nfs%cqwsa%ver and
nut ati on of these_" itness criteria used for selection

pr ogr ans
are different °°FQ€f1éPP|tndstt§pFll&@r)et§ent k&eyitiggs t8omfedinds ddi%es 94 25

(ie. I!EI eph?nt s;»hhrieg\fu@w hltad!sngﬁaalJ&b@@d@h S adt 1|1G0 'rlhfe Hbgr’élesb(fg 34/ |?] . :

conmpl i ant (st accordi ng _t e virtual . i.an e t hen i

th(rarpt radi ng thﬁ&Py ffs 15 %e&%nﬁ%ﬁx RBs $1Fa MGa9 gp f%f) OB ARl ephant

is "fed" (stepul@3yhiChhéas eerhdrEkephant 94 is "p0|soned" 30 (step

O ey e St okl 18P N1 eR SRATI ch 0P ol ek 2l g
ng-

hi story has a high ess val ue e hant is "fed"
(step 106). Ochsexivesiome ofl Emmrsm alc§1'°]§|@| g@néa'lu(sgﬂréseﬁom Figure
15 11. A real trader initiates a transaction at 120. One
of the tigers 97 then predicts at 121 how the real trader

will complete the transaction. If the tiger 97 predicts

the action of the trader correctly (step 122) then the
tiger 97 is "fed" at 123, otherwise the tiger 97 is

20 "poisoned" at 124. The tiger 97 may also be "fed" by
attempting to predict other actions of a real trader.
Before making a transaction, a real trader may carry out
a number of checks. For instance he could check
prevailing prices in other markets, he could check the

25 creditworthiness of the company to be traded with, or he
could review news reports from the country of the company
to be traded with.

In this way, ie. by comparing the behaviour embodied

by the "pet tiger" with the actions of a real trader, a

30 set of "pet Tigers" 97 is generated which are essentially
genetic algorithmic representations of the trader’s
behaviour. The "pet Tigers" are then hybridised with the
Tigers in the Greenhouse to produce further genetic
input, the basic structure of the algorithms used being

35 of course similar to that in Figure 3. Tigers could aiso
be used to generate Ping trading histories for
consideration in developing new compliance rules.



Poi soning is slow, so that one or two doses weaken, but 35 do not kill
Ti gers on the other hand are allowed to trade in the VIP 24, either trading

with each o} preferably 25 trading with representa
count er part | es f%g 100d (illustratively represented as Buf %ﬁ@#‘h’e@%
m ght be derived as genetic algorithns by other neans). Referring to

Figure 10, the virtual tradi ng behaviou 5 (ie. tigers 97) perform
vi rtual transactiggs.ll ual transact jon naEes noney

0
(step 111) then tReStfgef PE}QFEd"méggilg 6?HE?WF§ eft 8fsS 88938 ed" at
113. If the wsatual transaction is conpllant (step 112) then the tiger is

"fed" at 112, 10 t her. | o] he g . of
poi soning is depe% eg f@ gﬁﬁgie QXﬁﬁBié 5 1@%& ﬁ%gngglru ggaégch has been
broken. The fRicgeps focan aﬂselmnbhfmedlyxamaiﬁ bfohpwbseceatleﬁfer

Traders’ aCthﬁgﬁta%SiLh%%%&éh@@d'ﬂs %gyéﬁ ;51 A real trader initiates

a transacti on he tigers 97 t predicts at 121 how the
real trader will aeeﬁ|eeeYtﬁeMPiengeeerohaS|Fweherepgeﬁhy¢sbpeésctethe

action of the eeaderaeermeqnlxréaeemflazfeteenataeahtge 92 ean"fed" at
123, othermn he tig 97 may

al so be "fed eﬁﬁgiytb%§é|ﬁ§ ?opﬁFﬁﬁlg?iBWhBPYaEPF8ﬁ§°6ﬁ arre£ FFS er.
Bef ore maki ngoa hrqnaaahmgn;tahaeah prader abeyecateysell TAraghbad . of

heck t h d.¢ch k iLi ' i th t
coul d ook the 237 BPBATANS FRORESSVORIANSE CORERS P8 BRnPt QHEHEY: h.
he coul d revmewenewmpﬂepateé f aoth mhght oinvoyvef nehwatonpawprke be traded
Wth. In this,yay. shoany CQ@BﬁBFBﬂeEhe B@?Eéﬁ@ﬁ& Sﬁggﬁbﬁdo?yrﬁ 8r Pet

tiger” wth the actions of a rea rs" 97 is
generated mhneshereOeeeeﬁtuawnyhgehetC@uetgbeptﬁhneteeprE§8hpatnens of the

trader’ unlikely that the system would try to mate a Neural Net
15 Tiger with a simple decision rule Tiger (but it would not
necessarily have to be impossible}.

Buffalo are bred in a similar way, preferably with a
cluster of pet buffalo assigned to each counterparty (fed
when they correctly mirror the actions of the

20 counterparty, poisoned when they do not) and with the
cultivated buffalo bred in the same way and trading with
the cultivated tigers. 1In principle they could be
subject to the same compliance rules (Elephants) as the
Tigers, although in practice it might be wiser to have

25 the buffalo only trampled by real Elephants whereas the
Tigers might be trampled by cultivated Elephants as well.

It will be evident to those skilled in the art that
it is possible for the Trading Histories of the Tigers to
be used as a source of cultivated Histories as well. It

30 would be possible, although may be not desirable, for the
genetic aspects of the greenhouse in cultivating
histories to be superseded by the zoological functiomns,
so that instead of breeding histories explicitly we just
observed the behaviour of the real Traders and the pet

35 and cultivated Tigers and used these histories alone to
find Ping-ness.



behavi our. The "pet Tigers" are then hybridised with the Tigers in the

G eenhouse to produce further genetic input, the basic structure of the

al gorithns oemeb/dseemg 35 of course simlar to that in Fi gurecBRGRIsieI19sy S
could al so be used to generate Ping trading histories for consideration in
devel opi ng new conpliance rul es. 26 Aosinple "Tiger" mght be

I npl emented as shown at 151. In this sinple exanple a Tiger has one

[method’: Accept Ghfelnafoslkth! EHe CxafpLE: 0br NopedopspirLifer 5 i ght
be inplenented_ is ven _a 152, This very sinple Ti'ger haS_two price
threshol ds, biylustsatedahl Rignrerdde-ithefcerrbianeRareles PE &4R8-1egally

hol d at a prigeepRhAVSPUNaYhHESPOEE €6 béconkegehOFid SLgoFitMmit has a
price above its sell Threshol d. ractice tb%ers woul d of course

10 In
be consi der ab¥§PRBFENEBRLPREAPEAENENBERFYROLT nRbI bRe ayFaR GerRLLRECE,
ot her adv@incegffeebdni quRs. sPepf EBenthspesmpliaficdi QEfitéghtechersi at, With

the Courtship function_naki iy L kel hat the syst dt to mate
a Neural Net 8% °#i85?“ﬁFFE98P§iﬁ%%%gd%%Fg?Eme$u+% %?%gg%%ﬁg#'it&$8uld not
necessarily hasweplbabeei mpbesi Bt eftheBupfedivctrat b12d winiechspartacuday,
preferably w b S§l tQ,, €, ty (fed
when t hey cor%g% ?§éﬁ$§§%raé%ge%%tF%%gé@?étE%ggﬁgr %%u%%%r%gﬁﬁ%?égg%soned
when they do @bfjcand wifhthaepredirvierdisucerrechr egtep 132) sthenway and

trading yhth the cpLti ¥abpHaht 9668 ikNFRAI BEI PIS LNEY SOMLFDEeSUDj ect to
the same conpliance rules (Elephants) as the Tigers, although in practice
it nmight be WBeESPBReRAVRL2534-the buffalo only tranpl ed by real El ephants

wher eas the Tigersthéghpebeelephphed by eahtaiVsbefediephapts3gs well. It
will be evident_ to t osesskilk g '@ tg arfthat Wt ls possibl e é r the
Tradi ng Hi st ot F2R=3F R8BS THye § t% Be §Sed fst so%?%eeg?pﬁﬁ? | v ?ed
H stories as fieh8s &atnon-compliant then the Compliance Officer is
15 notified at 136. If the transactions are of interest
(step 137), then the Compliance Officer causes the "pet
elephant" to be "fed" at 133 - or otherwise "poisoned" at
134,
The choice of thresholds for reporting behaviours
20 with high apparent ping-ness raises the normal
engineering issues about false alarms and Type-1 and
Type-2 errors. One possibility for dealing with this is
to have the Pet Elephants or some other "expert system"
or "Neural Net" watch the way in which Compliance
25 Officers deal with the alarms raised, and use this
information to make better judgements about whether a
behaviour of a given threshold ping-ness is in fact
sufficiently serious to justify reporting, or to use such
systems to classify alarms appropriately.



30 would be possible, although may be not desirable, for the genetic
aspects of the greenhouse in cultivating histories to be superseded by the
zool ogi cal fyipedreags, SO that instead of breeding histories b &l we

j ust - observed %e foﬁhavi our of the real Traders and the pet %%h%y’%
cultivated Tigers and used these hi stori S5 alone to find Ping-ness. 27
By anal ogy wth the concept of "pet Tigers" illustrated in Figure 11 - the
conpliance rules 94 (ie. elephants) napppRDIKed to becone genetic

al gorithnic representations of the be'ﬁa_\ﬂTur—of t he human Conpliance 5
Oficer. At $abe i 35 YBIEr evi ews a set of transactions
being performed in the RTP 21 The corrpl iance rules 94 then predict at 131
whi ch particular transactions will be reviewed further by the Conpliance
Oficer. If thepRrBGestiOn is correct (step 132) then 10 the "pet

el ephant” 94 is fed at 133 - or otherw se "poi soned" at 134. The "pet

el ephant" 94 40en aTmade  stdounierparty 3G quaming gepiieeds in the RTP 21. If the "pet
el ephant” 94 finds, a Lﬁl ant then the Conpliance Oficer is 15
notified at 136. WPu% e‘hfg:g’ﬁ Bctions are of interest (step 137), then the
Conpl i ance O er gphant” to be "fed" at 133 - or

ot herw se pof%%ne%&ﬂgﬁ%gzl%r@eg%#ce of thresholds for reporting

behavi ours 20  wiinputthyghe BagkaOffice pi ng- ness rai ses the normal engi neering
i ssues about false alarns and Type-1 and Type-2 errors. One possibility for
deal i ng vvith this is to have the Pet El ephants or sone other "expert
systent or "NewjpExddgile Watch the way in which Conpliance 25 fficers
deal with the alarns ralsed and use this information to make better
judgement s abélat wWWd{HeFrade ﬂ?m@,leiurloﬂi a given threshold ping-ness is in

fact sufficiently }')sue’rfoo] sftrgm]l#gé tf %]{)(eportl ng, or to use such

41b  W1[2] Trade (Geoff, -9L, 101)
sell 9 lots to Geoff at $101.

41c  W1[3] Settle (Fred, $1,000)
pay Fred 10 x $100

41 W14] Settle (Geoff, -$909)
get $909 from Geoff.

42 State Variables

42a  Book: quantity -- The number of lots held at
any one time

42b  Balance (c:counterparty):price -- The total amount owed to / owing
from c.

43 Semantics
43a  Trade (c,q,p) ->  Balance(c) : = Balance(c) + q * p; Book := Book +

q
43b Settle(c,v) -> Balance (c¢) : = Balance (c) - v

44 Initial Compliance Constraints
442 CCl: abs(Book) <= MaxBook -- a constant



systens to classify alarns appropriately. 28 APPENDI X Table 1 -
Sinplified Illustrative Trading System 40 Primtives 40a Trade (

c: count er paWOW8/SBE0Guantity, p:price) input by the Deal er 40PCT/RIBOIS
(c:counterparty, v:price) input by the Back Ofice 41 Exanple 4la W][1]
Trade (Fred, 10L, 100) buy 10 lots fromksed at $100 41b WL[ 2] Trade
(Geoff, -9L, 101) sell 9 lots to Geoff at $101. 4lc WL[ 3] Settle (Fred,
$1,000) pay Fdbd KCCX wbedBaiance()\ %] Camtarpartyldmitf f -- akahed)copstant$909 f rom

Geoff. 42 State Variables 42a Book: quantity -- The
nunber of lots held at any one tine 42b Bal ance (c:counterparty):price

-- The total pliceMakBodk evnmaﬁcam:&wpaﬂﬁﬁﬂant gs0.43a Trade
(c,q,p) -> Bal ance(c) := Balance(c) + q * p; Book := Book + q 43b

Settle (c, v) - > Bal ance (c) := Bal ance (c) -V 44 Initial Conpliance
Constraints 44a CCl: abs(Book) <= MaxBook -- a constant
29 44Db CC2: abs (Balance(c)) < = CounterpartyLimt -- another constant.

For sinplicity MaxBook = 20 and CounterpartyLimt = $2000.



30 Table 2 - PseudoCode for Main G eenhouse Function nWersion = 'NB 13 June

98 V0.5|I /7k***************ﬁmk***************ﬁmk**************/ : ZC|aSS

hi stories supgig@mssparray /*NB these program fragnments are i |+§‘Z’E§%éﬁ5 and
are given as syntactically correct pseudocode which would gu e

skilled in the art in constructing a practical inplenentation. They are not
represented as perfect */ /* constants assigned to values with *say* are
illustrative */ /* and would often in prastice have rmuch | arger val ues

/*********************************************/ / naln |00p fronlpatent

*/ |* cHists- m¥apleop( rHPseygofodefor MedngEreenhpvaeofunectigwati on

: met hod mai nl q@grsivs e ang wHnGkSoeC bb s = sel f [ *for
Cl ari ty*/ ndf p&J.ng.n*lﬂ)n*nMllaam’s.*nﬁ““n*lwsa%JnﬂNﬂWﬂ‘l */ 6; nHybri ds=
9 as[s 1*st§;1jesh 8 S S H| st s hybri di se( cHi st S, nHybrids)

[ *46*/ offsprln St S- mate n stS Fihg) /*47*/ nutants =

cHi sts-nut ateS e‘& r“rﬁﬁiedﬁf%%’af ngenﬁé\ﬁlgﬁplu““m“"e and are given

hybri ds- mer ge NRX(2¥REagHicablynerryerReefogedes Yhigh XA gudExscmeenons =
newPop-i dent i f gkxlep in BBé /art uine&amadsuct imnewhocaepi ¢aln Swplegettat tod ¥ 51* /

| ocal - CRul es- Upslaf aRuIRE (4p-esmnes s/ fs2ide CaNdS = CH st s- mer geNNX( newPop)
newCH st s= Cangs- akeglenhe E&%Hi&ksnﬂ@'"s‘ab s dre NOLRerackQl oul d
probably in pr gtice mig |st|nc L on t ween |st|ng C/HI sts and
newPo ? and wou en in 7ac ice have much arger values
/****E********iﬁ?%%"ﬂ?#%'ﬁc'ﬂc’#*% LS R RS S R AR ’?95‘9:"9&?%’%*?*%?c*}??*%%*##*%*##¥7’*f’?

r H-hybri di se( cA*m3in/ toppk ExomPapebt i ds bet ween el ements of r'H & cH .. met hod

hybri di se; use /ar¢iiet-maidiyoopimssts). hi stories-new(n) do i &1 to n

/* does one generation of cultivation «/

: :method mainloop; use arg rHists
cHists = self /*for clarity*/
nOffSpring = 10; nMutants = 3 /*say*/
nNewCH = 6; nHybrids=z 9 /*say*/

/*45*/ hybrids = rHists~hybridise(cHists, nHybrids)

/*46*/ offspring = cHists~mate (nOf£Spring)
' /*47*/ mutants = cHists-mutateStep (nMutants)

/*48*/ newPop = hybrids-mergeNNX (offspring-mexrgeNNX (mutants) ]
/*¥49*/ newExceptions = newPop-~identifyExcep

/*50*/ ruleCands = newExceptions-regulate

/¥51*/ .local~-CRules~updateRules{ruleCands)

/*52*/ Cands = cHists-mergeNNX (newPop)

newCHists= Cands~select (nNewCH)
return newCHists

/* Note - you would probably in practice make a distinction */
/* between existing cHists and newPop */

/ittt'*t*it*'k*****t*tt*iw***ittt'iii*t**titi****i****ﬁ***\i**ﬂ'/

/*45a rH~hybridise(cH,n) */
/*makes n hybrids between elements of rH & cH */
: :method hybridise; use arg cH, n
hybrids = .histories~new(n)
doi=1¢ton
me = self [Tandom({l,self-1n)) /*select me*/
spouse = cH~findMate (me) /*find spouse*/
hybrids (i) = me~crossOver {spouse)
end i
say '**HYBRIDS are’; hybrids~-sprint /*debug*/

return hybrids

/*45b spice~findMate (me) finds a spouse for me */

SUBSTITUTE SHEET ( rule 26)



me = sel f[randonm(l,self-1n)) [ *sel ect me*/ spouse = cHfindMvate(ne)
[*find spouse*/ hybrids[i] = me-crossOver(spouse) end i say '**HYBRI DS
are'; hybri dNGHI9387 / *debug*/ return hybrids /*4xdr/GB98/01785
spice-findmate(ne) finds a spouse for me SUBSTI TUTE SHEET ( rul e 26) 31
[*This v sinple version would be replaced by sonething */ /*nore

sophi sticated, eg along lines of 45c ::nmethod findMVate; use arg elt spouse
= self[randon(lself-l n)) return spouse /*4%¥c spice- court(ne) finds a

spouse for me /j.43inge T 1t mgsa ) VEORP Be RATAA £ &tsﬁasan *

net hod court; use_ ar

est oFar =
_nil: aBest SoFaf ™o*® sd’ghfs':m?tet §°?ﬂh?¥’§fs%‘gd§§— nil) Tr;)3
spi ce[ randon( | , sifietked ﬁ}‘)d"?a*Seé's‘hcﬁré*?ltaTry = nme-attractiveness(Try) if
aTry > me-aThr esmbulsq keseldpoamctem 1 . $edf-@hble if aTry > aBest SoFar then do
Best SoFar = Try; wbBest Spbie = aTry end /*if*/ end i if spouse = .nil then
spouse = Best SoFar return spouse /*Note: with |arge spice sets you could

use cleverer *//*/45;-"?9’ Ju;,g%leglg Qmi 1 %uggr tractlve,/spouse if */ /*

the properties of ractiveness wer * enou to allow eg
crude hill-cli ng ﬁl?ﬁsfﬂﬁrﬂnfgnefﬁume&ﬁﬁfed 25?85’@%1% ve ea h history a
"tribe' and */ fmekbRsk cpprthesesar® lfi be for spice nost of the time */
nTtry = 5§ [*say*/
spouse = .nil
BestSoFar = .nil; aBestSoFar = 0
do i = 1 to nTry while(spouse=.nil)
Try = spice(random(l,spice~ln)] /*see note*/
aTry = me-attractiveness (Try)
if aTry > me~aThreshold then spouse = Try
else if aTry > aBestSoFar then do
BestSoFar = Try; aBestSoFar = aTry
end /*if+»/
end i
if spouse = .nil then spouse = BestSoFar
return spouse
/*Note: with large spice sets you could use cleverer */
/* ways of trying to find a more attractive spouse if */
/* the properties of attractiveness were known well */
/* enough to allow eg crude hill-climbing methods */
/* You could also eg give each history a 'tribe’ and */
/* look in the same tribe for spice most of the time =*/

/*46a parentSet-mate(n) */
/*returns n children by mating random parents */
: :method mate; use arg n;
off = .histories-new(n}
doi=1¢ton
me = self (random(l,self-1n)) /*choose me*/
spouse = self-findMate(me) /*£find mate*/

off[i] = me~crossOver (spouse)
end i
return off

/*47a parents-mutateStep (n) */
/*returns n mutants from random parents */
: :method mitateStep; use arg nMut

muts = .histories-new(l)

do i = 1 to nMut
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[ *46a parent Set-mate(n) /*returns n children by mating random parents
c:nmethod mate; use arg n; off = .histories-new(n) doi =1tonnme = self
(randon( |, seko / *choose nme*/ spouse = self-findvate(ne

/*find mate*/ o#@%oi'l] = me-crossOver (spouse) end i return of %CF)GAP?Q"””
parents-nutateStep(n) /*returns n nutants fromrandom parents ::nethod
nmut at eSt ep; use arg nMut nmuts = .histories-new(l) doi =1 to nMut
SUBSTI TUTE SHEET ( rule 26) 32 muts [il]se self [random(l, self-1n)]
-mutate end; return nuts /*48a | eft-mergeNNX(right)

*[ [* returns | ef t™&siilght sehdrigagiorlys seifi-Fa) 1&magept i ons */ :: net hod

mer geNNX; use ar gndi ghtummesuts . hi stories-new(1l) jRes=1 doi = 1 to self-In

if self[i]-1n>0 then do if self[i]-wasException = 0 then do res[jRes] =
sel LE i]; jl R§8={qugﬁegg_g,\e4:§éﬁu?/(;ﬁgg; end i t_do i =01tLo rijghp-l n in
ri I1-1n en _ado | [ L 1], - WaS eptl on, = en. ao res esS =
ri ght % i } o Res:%lR’é%tﬁm%nlﬁf# g&rfigdteﬂ%fg%rcﬁgf s Cetdflide L5l ]
: :method mergeNNX; use arg right
res = .histories~new(1)
jRes=l
do i =1 to self-1In
if self(i]l-1n>0 then do
if self[i] -wasException = 0 then do
res[jRes]) = selfli); jRes=jRes+l
end /*if+/
end; end i
do i =1 to right~ln
if right([i]~1n>0 then do
if right[i)-wasException = 0 then do
res[jRes) = right{i]l; jRes=jRes+1
end /+*if*/
end; end i
return res

/*49a pop~indentifyExcep */
/*returns the exceptions in pop */
::method identifyExcep; exceptions = .histories-new{l)
/* trace a; say self-ln debug*/
jEx = 0; Threshold = 0.1 /*say*/
do i =1 to self-ln
if self[i)~ping > Threshold then do
JEx = jEx + 1; exceptions{jEx)=self(i}
self {i] ~wasException = true
end; end i
return exceptions

/*52a pop~select(n) * [
/*selects n elements in pop with p - score */
: :method select; use arg nFind
selected = .histories-new(l)
totScore=0.0; cumulativeScore=,array-new({self~1n)
do 1 = 1 to self-ln
totScore = totScore + self{i)~score
cumulativeScore(i] = totScore
end i
do j = 1 to nFind
rScore = random(0, trunc(totScore*10000)) /10000
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return res /*49a pop-indentifyExcep */ [*returns the
exceptions in pop ::nethod identifyExcep; exceptions = .histories-new(l) /*
trace a; say YOI%/S59397 debug*/ jEx = 0; Threshold = 0.1 pEsRESE0EEs |
=1 to'self-In if self[i]-ping > Threshold then do jEx = jEX+l
exceptions[jEx]=self[i] self [i]-wasException = true end; end i return

exceptions /*52a pop-sel ect(n) */ /*selects n elenents in
pop with p - score */ ::metHdd select; use arg nFind-
selected = . historigssnew(l) totScore=0.0;

currulativeScore— ary ay- new( f-1n) doi =1+to self-lntotScore—totScore
+ self[l] score curfi?l gtl §b’§‘?eﬁ°]° & ot aRbEvERw Mo | = 1 to nFind

rScore = randor‘r(OtrﬁNc’(t“ot Scor e*10000) )/ 10000 33 rN:1 do k = 1 while
rScore >= cunul ativm8clre[k] rN = k end k selected [j]=self[rN end j
ret urn SE,‘| E,‘Ct ed /-k eiléééeditﬁr S*Sif&ﬁj*****************************/ C:I ass
hi story subclass gty gy /*53 m XOver(f) /* returns a random crossover

bet ween m and f el u&_plogelégyeedr; use arg f;

/*i‘it**i*i'&i*i*'**it*ﬁ**itﬁ't**ai*i*t*i‘*i***t'**t***ti/

::Class higtory subclass array
/*53 m~XOver (f) 4
/* returns a random crossover between m and f */
: :method xOver; use arg £;
cutM = random(0,self~1ln-1)
cutF = random(0,£~1n)
cutlM = random(0, self~ln - cutM)
cutLF = random(0, f£-1ln - cutfF)
return self-cutting(f,cutM, cutF, cutLM, cutLF)
/* this (sub)method shown separately for clarity v/
: :method cutting; use arg £, cutM, cutF, cutlM, cutLF
child = .history~-new; child-initialise(0)
deo i = 1 to cutF
child (il =£(i] ~copy
end i /*£LEE/
do i = CutF + 1 to CutfF + cutlM
child[i] = selflcutM + i - CutF}-~copy
end i /*f£fffmmm*/
do i = cutF+cutlM+1 to f£~1ln + CutlM -CutLF
child{i) = £{i -cutlM +cutlLF]-copy
end i /*ffEfmamELr/
return child

/%54 m~Crossover (f) */
/*returns a random compliant crossover or null */
: :method Crossover; use arg f

¢hild=.history-new; child~initialise (0)

maxRepairAttempts =10 /* say */

do i = 1 to maxRepairAttempts while child-~ln =0

child = (self-xOver(f))-makeCompliant
end i
return child

/*59 h~makeCompliant */

/*returns a compliant version of h or null */
: :method makeCompliant
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cutM = randon(0.self-1n-1) cutF = randon(0,f-1n) cutLM = random( 0, self-In
-.cutM cutLF = randonm(0, f-In - cutF) return
self-cutti ngg‘fo%%.,cutF cutLMcutLF) /* this (sub)nethod shovvn sqggarately

for clarity ‘method cutting; use arg f, cutM cuf

CutLF child = . history- new child-initialise(0) doi =1to cutF child
[1]=f [1] -copy end i /*ffff*/ doi = CutF + 1 to CutF + cutLMchild[i] =
self[cutM+ i - CutF]-copy end i /*ffffnmg/ do i = cutF+cutLM+l to f-In +

Cut LM -CutLF child[i] = f(i -cutLM +cutLF]-copy end i /*ffffmmff*/ return
chi ld /*54 m Crogsoweiff) /*rdtininsaldyrandom conpliant crossover or null */
:met hod Crossoves;iruie anocd .Cddaiderubestiary-new, child-initialise(0)

maxRepai r AL t enpt s qu iocaaamlésxéqeemm&let Q)yRyRepai r Attenpts while
child-In =0 child Z; maeCorrpllant end i return child /*59
a C

h- makeConpl i ant /*retur s |ant version of h or null ::nethod

makeConpl i ant SUBSHSRUTE SHRfet-(Rutff @epyrieursigiqliBule, v}
/*initially*/ doer®uiR8le 1 to .local-CRules-In if
(.1 ocal - CRul es- Clretkfni Rul €, v)) then nop [*fine*/

/*58 h-~mutate */
/*does a mutation - for simplicity by self-mate */
: :method mutate

return self-~-crossover(self}

/*60 h-ping */
/*gives the ping-ness of h v/
; :method ping; x =0.0
sL = self-ln
do j =1 to sL /*initialise*/
self [j]-Coxrrob = -1
self[j]1~-PC = self(j)-ping

end j

do i = 2 to sL /*no self-corroboration */
self-~corrobCheck (i) /*éo previous elts help */

end i

do j = 1 to sL /*sum pingness contributions*/
X = x + self(j]1~PC

end j
/*say ‘pingness =’ x 'of history ln’' self-ln debug*/
/*self~-mprint debug*/
return x
/*61 corrobCheck(i) v/

/*does a corroboration check on ith elt of self */
: :method corrobCheck; use arg i
cvVal 0.0 /*initialise cvVal */
do k = 1 to i-1 while(cVal= 0.0)
if ((self({k]~corrob < 1) & (self{i]-corrob<l)) then do
cVal = self [k} ~corrobValue (self([i])
if cval > 0.0 then do /*use it ¢/
gelf (i) ~Coxrxocbh = k
self (k] ~Corrob = i
self[i]-PC = self([i]l~ping - cVal/2
self [k)~-PC = self[k]~-ping - cvVal/2
end /*if*/
end /*ifr/
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else v = .local -CRul es-repairHeursitic(iRule,v) end iRule return v /*58
h-nmutate /*does a nutation - for sinplicity by self-mate */ ::nmethod nutate

return sel f - W@eks93er (self) /*60 h-ping PCT/GB93/01785

*/ [*gives the ping-ness of h */ :method ping; X
=0.0 sL = self-Ilndoj =1to sL [*initialise*/ self[j]-Corrob = -1
self[j]-PC = self [j]-pingend | doi =2 to sL /*no

sel f-corroboration */ self-corrobCheck(i) 35 /*do previous elts help */
end i dOj =1ltoslL /* sum pi ngness contributions*/ x = x + self[j]-PC end
] /*say 'pi nqness“"‘kx of history In'" self-In debug*/ /*self-nprint
debug*/ return x ¥e0In YrtobCheck(i) /*does a corroboration check on ith
elt of self */ ::method corrobCheck; use arg i cval = 0.0

/*initialise cVaked h-8éode = 1 to i-1 whi | e(cVal = G/O) if ((self[k]-corrob <
L &(selfli]-cg urﬁ,baém ek&ﬁﬁedosﬁy?ﬁ tFe $hildsh - cor/robl\/?l ‘[Jf;‘](sg{) fli]) if
e rob =,k se rrob =i
self[i]-PC = seI/f[ll::e holé'ls‘goyh\/s r} eIL"Hid]CQéC = se f[k] ping - cVal/2 end
[*if*/ end [*if*fmetho scd
return self-ping

/*62a me~attractiveness (spouse) */
/*simple example using a function of distance */
/*based on a distance measure in state space */

: :method attractiveness; use arg spouse
mbist = self~distance(spouse)
aMeasure = mDist * exp{-mDist)
return aMeasure

/ﬁ*'fit*t'ﬁi*ti*t*iiﬁ'l'*ﬁﬁ*t&ti"i*"*ﬁii**t**tit*iiir**ﬁ*t'**tﬁiﬁ***l

::class histElt

/*63 hel-CorrobValue (he2) \7/
/* = how well hel corroborates he2 >/
: :method corrobValue; use arg he2

cV = 0.0 /*initialise */

if self-~counterparty = he2~counterparty then do
select
when self~operand = ‘Settle’ then
if he2~operand = ‘Trade’ then
if self-val = he2-quantity * he2-price then
cV = self-PC + he2-~-PC -self-PC*he2~PC
when self-operand = ‘Trade’ then
if he2-operand = ‘Settle’ then
if he2~val = self-quantity * self-price then
cV = self-PC + he2~PC -self~PC*he2-~-PC
end /*select*/
end /*if+/
return cvV

/*64 some other methods for class HistElt */
::method t attribute /*string - transaction */

s :method ping attribute /*intrinsic pingness */

: :method PC attribute /*pingness contribution*/

: :method Corrob attribute /*points to corroboration*/
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35 end k return Cval /*62 h-score /* in this exanple, sinply the pi nqneésﬂ
*/ /* a nmethod for history so noved up */ ::method score return

sel f-ping /*Gitpogpsgat t racti veness(spouse) g /*SI
exanpl e using a function of distance */ /*based on a distanc&® 188§n

state space */ ::nmethod attractiveness; use arg spouse nDi st =

sel f-di stance(spouse) aMeasure = nDist * exp(-nDist) return aMeasure
/*****************************************ﬁ***/ C|aSS h| St Elt /*63

hel - Cor r obVal ue( he2) */ [* = how well hel corroborates he2
*[ :method cor/robAValraty* *ase *ar Y NED "EYr e s@r Qrrvrenvanans/

[*initialise */::clasmelrigaeuntsabast yanimdds2ecount erparty then do sel ect when
sel f-operand = 'Settle' then if he2-operand = 'Trade' then if self-val =

he2-quantity Mg self PC + he2- ,PC -sel f - PC*he2- PC when
sel f - operand _}1?2 %Eﬁg%tc?&f} Foe ' th I.f he2-val =

era = 'Sett

sel f-quantity * sﬁ?“fc“fiwste THER® cf?/g ‘:ﬂpﬁﬁrﬁ ﬁ%efhﬁcbugéqf’/PC* he2- PC end
/*sel ect*/ end ¥:mefhod pigeghyredy / * 64 sorre ot her methods for class Hi stElt
*[ ::method t at bee BrbepetTs/elephks, hgffsst r ansaction */ ::nethod ping
attribute /*intr nasdedTpi NGNaABBWEA1ILTs = 10 /*say*/

petTs-breedAndFeed

hybridTs = petTs-hybridise(self)

matedTs = self-mate{nMatedTs)

theseTs = self-append (hybridTs~append (matedTs))

theseTs~-tradeEvaluate (buffs)

theseTs~trample (elephs)

newCultTs = theseTs-~select ([nNewCult?Ts)

return newCultTs

/*&tti*’*ﬁ**i***i*it***’**tt****tttt'**t*t**it’tt/

1:class tiger subClass animal

/*151 attributes for simple tiger */
: :method profit attribute

: :method capitalEmployed attribute

; :method book attribute

s smethod maxBook attribute

::method buyThreshold attribute

::method sellThreshold attribute

/*152 simple acceptOffer wmethod */
/* tiger-acceptOffer{p,q) would I accept g at p */
: :method acceptOffer
use arg p,q
ifAccept = 0 /*unless decided otherwise */
select
when g>0 then
if p<self-buyThreshold then
if g + self-book < self~maxBook then
ifAccept = 1
when ¢g<0 then
if -g <= self~book then
if p> self~sellThreshold then
ifhccept = 1
end /*select*/
return ifAccept
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c:method PC attribute /*pingness contribution*/ ::method Corrob attri bute
[*points to corroboration*/ 36
/***********wo-wspsw*****************************/ Cl ass TIM/&WOI"SS
subcl-ass ani mal Set /*150 net hod ti gerBreed *[]*
newCultTs = cultTs-tigerBreed(petTs, elephs, buffs)*/ ::nmethod tigerBreed
use arg petTs, el ephsbuffss nvatedTs = 5; nNewCultTs = 10 [ *say*/
pet Ts- br eedAndFeed hybri dTs pet Ts hybri dB&e(sel f) matedTs =

sel f-mate(nMat edTs), thesels = sel ’Qpqu(hybrl dTs- append(mat edTs))

t heseTs- t r adeEval uat e( but ""T'ﬁé?é' SItranpleCerephsy ™ nthcul t Ts =

t heseTs- sel ect [WW‘P%PEFRWRI%MWT@“d here */

/**************m***m»**m**m***m**m**tm*tv/tawthfa_sls ti ger SUbC| ass

ani mal /*151 att¥ishHerSsi QJet'sigwhﬁee‘di(gﬁderx met hod profst attribute ::nethod

capi t al Enpl oyed/‘@,gggdsb#g@ it gpst ng:xlggplg:rggézrl bute ::mefhod maxBook
: ﬁ gttrlbute ::nmethod sell Threshold attribute

attribute ::nethod %’eé’ﬁ

[*152 sinple accepl'f P */ [* tiger-acceptOfer(pq)
woul d | accept Vit 3¢ t‘?'der rret hod acceptOffer use arg p,q ifAccept = 0
/ *unl ess deci ded n8fher wPsaMut = 5; fleggt= when/gsy*hen i f

p<sel f - buyThr esheltegidieg 3 fself-maseidofhook < geaf/- naxBook t hen

mutants = self-mutateStep(nMut) /*b*/
cands = self-merge (offspring-merge(mutants))

cands~ptScore (trader) /*er/

newPets= Cands-~select (nPets)
/*newPets~ptScore (trader) -cx/

return newbPets
/*Notes */
/*a: initial fitness of child could be avg »/
/* fitness of parents x/
/*b: initial fitness of mutant could be random */
/* adjutment to that of its parent */
/*c: alternative - a bit less accurate but saves*/
[ some compute time */
/*other breeding operations broadly analagous */
/*to those given above - minus pingness t/
/*very un-£fit tigers might be culled */
/*pet elephants could breed similarly *f

/ittii'**tt*!tit****'ﬁ't*****itit**t'f’iiﬁ***ﬁ‘lfi'/
/*153a Tigers-ptScore (trader) */
/*scores pets for how they match trader actions ¥/
/*those whose next actions are highly compatible*/
/*with the trader’s next action get fitter *f
/*and vice versa */
: :method ptScore
use arg trader
tAction = trader-nextAction
do i = 1 to self-1n
pActicn = self (i} ~nextAction
score = pAction~compatibilityScore(tAction)
self[i)~-fitness = self[i)-fitness + score
end i
return

€S An example History (Wl) (derived from 41)
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i fAccept = 1 when g<0 then if -q <= self-book then if p> self- seIIThreshoId
then ifAccept =1 end /*select*/ return ifAccept 37/

oo e LTI L1108, et hod, pet 1 ger B ged b b added
pet Ti ger Breed(trader) */ [*breeds pet Tigers to track trader
*/ ::method petTigerBreed use arg trader nOf = 10; nMut = 5; nPets = 10
[*say*/ offspring = self-mate(nCOif) *a*/ mutants =

sel f - mut at eSt ep( nMut) [*b*/ cands = sel? mer ge( of f spri ng- merge(nut ants))

cands- pt Scor e[ ETex@at )No Entry T™C*T neWémq Cat6isobe] FCL (Pd et 9)

/ * newPet s- pt Seo+ettt+aaer et penPgts— N e SR
LT . T oV ST " Trade (Fred, 10 bE] oT% T [0
initial fitneps of child g Elg é:avg f* tness pf parentp /*b: gttral
fitness of nmufant could andom */ /* ad utnentlto that bf its palrent

*| /*c: alterpative - a pi FradessGeéturdbe buf sabesf/ /% spmP-@hpute
time /*other preeding op¢rati*ons broadly anakagous §/ /*to t hose gi ven
above - m NUS[PETTOITESS [ " gettle (Fred/ VETry Um-THE§TTgery nmgpt deisut] ed
*/ [*pet el ephants could gigﬁggsinilarly */

Kk kkkkkkkkxxxAx ] | *]E35

/************‘**********i*
Ti ger s- pt Scor B(lt I’adel’) Settle (Geoff o[ 1% 2 0.01%
$909)"

Ping(Wl) = 4% - 2 x (2% - 0.01%) = 0.02%
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[ *scores pets for

how t hey match trader actions */ /*those whose next

actions are highly conpatible*/ /*with the trader's next action get fitter

*[ [ *and Vi cCW0\ees93a7

t Act iron
self[i]-

trader-next Acti on do i
next Acti on score

*/

: met hod pt Scor e gegfordsdiss ader

1to self-In pActi on
pActi on-conpati bilityScore(tAction)

self[i]-fitness = self[i]-fitness + score end i return 65 An exanpl e

Hi story (W) (derived from41) SUBSTI TUTE SHEET (rul e 26) 38 El enent No
Entry Ping * Corrobs PC 1

"Trade (Fred, 10L, 0- 01% 100) "

“Trade (Geoff, -9L, Table 3 SW!C Worked lllus%uvc Example 0. 01% 101) "

"Settle (Fred, 0.01% $1, 000) 4
Settle (Geoff, - 80Assumed ‘Real’ stla;y including the ;gw elements a@f@lmpgg(yg) Pi ng( W)

= 4%- 2 x (2%- 0.01% = 0.02% 39 Table 3 Sinple Wirked Illustrative
Exanpl e S8GARZSTEEntryeal . i StOTy T TIRGV gl CENT onphbRe eaciTist ep
| ndex Entiry Pl n Cor r ob PC Conment
R1[ 1] TradRI{Hr Edrade 1bted, m'?ﬁ% 3 |3005% | 70 DorsYrom Fodd &al® If r om
Fred at 1QQ RI[Pl__Trade (Ceaff 1Ol 01) 1% .4 Q05% 9
Lots to Ghavieh} 176¢ (Reply-OLadVDl b [ Hr dd, $1, qo8P % | 19d0ts 10 Gepff at 10T o059
Pay Fred Y8R9 Semle (Fred, 31,0000 | 1% | 1 | 005% |  Pay Fred 31000 |

R1[4] | Settle (Geott, -$909) 1% 2 003 % Get 3909 from Geoff

R1[5] | Trade (Fred, 4, 102) 1% 6 005% | 4 lots from Fred at 102

Ri[6] [ Settle (Fred, $408) 1% 5 005% Pay Fred 3408 | .

S1Example Culitvated History C.

Index | Enry Pinq { Corrob | PC Comment
CI[I] | Trade (Fred, 10, 100) | 1% 3 .003 Jrom RI[1]
%
I CI[2] | Trade (Geoff,-9, 101) | 1% 5 .00 from R1[2]
%
Ci[3] | Settle (Fred, $1,000) 1% | .005 from Ri[3]
%
CI[4] | Setiie (Fred, $1,000) 1% 1% from Ri[3] - inserted
CI[3] | Settle (Geoff, -3909) 1% 2 .005 from R1[4]
%
1.0Z% Ping
82Example Cultivated History C2'
Index | Emry Pmq | Corrob PC Comment
C2[1] | Trade (Fred, 10, 100) | 1% 3 005% from RI[I]
C2IZ] | Trade (Geoff, -9, 101) | 1% 0 003% Jrom RI]2]
C2[3] | Seutle (Fred, $1,000) 1% 0 .0035 Jrom RI]3]
C2[4] | Trade (Fred, 10, 100) | 1% 6 |1% inserted RI]1]
C2[3] [ Trade (Geoff, -9, 101) | 1% 0 .005% inserted R1[2]
C2[6] | Settle (Fred, $1,000) 1% 0 1% Jrom RI[4]
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RI[4] Settle (Geoff ,-$909) 1% 2 .005% Get $909 from

CGeoff R1[5] Trade (Fred, 4, 102) 1% 6 .005% 4 lots from
Fred at 102y %gx sgroettl e (Fred, $408) 1% 5 . 005%

Pay -Fred $408 81Exanple Cultivated Hi story Cl Index Entry FPCT/GB98/01785

Pi nq Corrob PC Comment Cl[ 1] Trade (Fred, 10, 100) 1%

3 . 005 fromR 1] Cl[2] Trade (Geoff, -9, 101 ) 1% 5
. 005 fromRLl[2] Cl[3] Settle (Fred, $1,000) 1% 1
fromRLl[3] Cl[4] Settle (Fred, $1, 000 1% 1% from

R1[3] - inserted C1[5] Settle (Ceoff, -$909) 1% 2 . 005
fromRl[4] 1.02% Ping 82Exanzpl e oY 2 ?%R'% H story C2 | ndex Entry

Pi nq Corrob PC Comment C2[ 1] Trade (Fred, 10, 100)
1% 3 83.FKo¥apte Cultivaied Historp 1G3wobibfrell L&Hyblidization] Crdsserer f(RJ.- €2) 101)
1% 0 . 005% fromR1l[2] C2[ 3] Settle (Fred, $1,000) 1%

0 fr - _

6 1% Tradg (Eved) 1, E@? 1] 33% 5] | & aag'?jP@oﬂ, -9,75‘1'61%3“7

. 005% csmrbmm@mmﬁ%re 3L 0% | 170 fromC22] 170 |

from R1[ #] A0 _2. 02% Ping 83. EXanple jCultijvated History C3, obtai ned by
é@)cz)

Hybri di zhCREN [hate ooentl,(- 1] | Iir ade.008Wed| 10, 10RM4 1% 6
. 005% from C2I 11 (3 2] # - 0
.0059% | C3l4) Tf@&#@[ 3183 3] | Bt t 1|} Geof 1% -gopo) Jrom 1
. 005% - artte et 82 Aot
Lo | ;"gar%e [eg quogg hed 1o idb) From C2[4F Veliminared.
f rom C2[ IC3{5)€] T radeaGeott, So00l) (ridble (|@of 1| 1%9, 191) froriz%Z[S]
1% fromCoro]l C3[6] Setitle ( red 51..000) 1%
.005% | C3[6] | Settle ghiedp3 5908 02d0}% nq o4 a@&ﬁ 01 Cul t tf'@'&t@%l@b‘ fsprli ng
from Cr ossewer{-G2—CH—414+ "agarl -l(}} —-3+50)
. 005% from Cl[1] CA[2] *H& (EﬁGeoff 9. 101) 1% 0
1% from Cl[ 2] CA[3].. Settle (Fred, $1000 1% 1
. 005% nerips o é&fluyatedseﬁmr@gdmrre@rom‘@o@ Cl)10 0
1% from Cl[ 4] 4] 5] Trade (Fred, 4, 102) 1% 0
1% Ca[1] | Trdae(Ex8a410, 100) 1% |3 .005% Jrom Ci[1]
C4a{2] | Trade (Geoff, -9, 101) | 1% 0 1% from Ci[2]
C4{3] | Settle (Fred, $1000) 1% | .005% Jrom Cl[s]
C4[4] | Setile (Fred, $1000) 1% 0 1% from CIl4]
CAT5] | Trade (Fred, 4, 102) % |0 % From C2[4]
C4[6] | Trade (Geott, -9, 101) 1% 0 1% from C2[5]

4.01% Pinq
85.Example of Muiated offspring C5 from Crossover (C1, CI}

C3[1] | Trade (Fred, 10, 100) 1% 3 ].005% from CI{1]

C3[2] | Trade (GeofT, -9, 101) 1% 4 | .005% from CI{2]

C3[3] | Setile (Fred, $1,000) 1% T [.005% from CI[3]

C3[4] | Setile (Geofl, -$909) 1% 7 | .005% from CI]5]

C3[5] | Settle (Fred, $1,000) 1% 0 1% from CI[4]

C3[8] | Seitle (Geoft, -3909) T% 0 1% From CI1[3]
2.U2% Ping

86. New Virtual Rule added as a result of steps 50 and 51

CC3:Any trade must be settled within 5 steps of it being made.
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C4[ 6] Trade (Geoff, -9, 101) 1% 0 1% from
C2[ 5] 4.01%,Ri . Exanpl e of Mutated offspring C5 from Crossover (C1,
TR

Cl) C5[ 1] ed, 10, 100) 1% 3 . 005 % PCT/GB98/61788r om
Ci[1] C5[2] Trade (Geoff, -9, 101) 1% 4 . 005% from
Cl[2] C5[3] Settle (Fred, $1,000) “11% 1 .005%

fromCl[ 3] C5[4] - ) f.. -390 .19 %

from CL[ 5] @[?}Eﬂ%gttof }'g’”?gf'g%,’" ‘f’ff“ﬁu‘t%%d ""’“"""]‘f%%’ R, %7 & C4%?)%'{ Jor

from Cl[4] C5[6] Settle (Geoff, -$9&Mparison) 1% 0 1%

from Cl[5] 2.02% Ping 86. New Virtual Rule added as a result of steps 50
and 51 CC3: Any trade nust be settled within 5 steps of it being nade. 41

1. Effect of next roundgrii RiCBOFARISEYD. RL S1065S650b T4sby & C4 given for
conpari son) 87a R1: T10f fOO, T-9g10X; SFIPC?O‘D Sg-'é‘g , T4% 102’,%08 87b

C2: T10f 100, T- 99101, SBTWOR: T10f 00T -9 194, 871008 TOFD00RTO2101,Sf1000
C4: T10f 100, T- 99101. Sf 100 00, T4f i 7

C6: T10f 100, T- 99101, Sf %’80%43;&58’%6}%&?8%%?86"?%5 48101

Cr: T10f 100, T- 99101g75- 0@hbyo02p.b9 701881000, 511000, T10£100,T-9101,8f1
C8' T10f 100, T- 99101, Sf Parbg 408,13%(2 908,(}9%“02,’81’1408 5 52101.311000

C9: T10f 100, Sf 1000Sg- 909, T47< 027: 54 Q0 00, T-22) 00.T- 9091 01-981A100, T- 99101 88New

Y tatistical Adapt it GELGHALE RO STIORITEN Se 308 BB i ve Tally
of counterpaniggg €TI0 $1000Sg-909, T41021SR0G0T-92101,T9g101,§T1001%-94101
Counterparty p Mean "étd p Mean p an

Std Fred 10% 1000 200 10% 1000 200 10% 1000 200

George 5% 500 9 . 0% 200 50 Henr
1% 700 100 g%’%w”i‘ﬁé%"%%%ﬁé’%ggﬁffgz " 100 Note in this |

illustrative exanple that the dealing patterns of Fred are
CC4No pre-payments are allowed.
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very consistent, but that the Trader does many nore transactions with

| mogen and they are substantially bigger than the average done by his team
or the G oupwo9s/Ebgos may be entirely fine, but understandabl ' e

Pi ng-ness of such transactions. 92 Illustrative exanpl e of P?‘ﬁ’w@@i"%p
formula Ping(T: Trader, C:Counterparty, ,V: Val ue)=

(BPinq(T, C V) +BPi ng( Team(T), (C, V) +BPi nq( G oup(T) ,C V)/3 93 BPing (X, C V)=
for X being a Trader, Tabdad- Gtarisrical g daprivei AssigoPenodHPing-nessi nsi cPi nq( ) .
p( X, C) Normal Prob (V, Mean(X, C), Std(X,C)) where IntrinsicPing is the
Intrinsic Pingness associated with X or C p(X, C is the observed
probability of X deal i ng1RbAiRe CublRb<Taly bScdulerpgan’ colum for X of C
Std (X,C) is the "Standard Devi ati on” col’'urm for X for C Normal Prob (v, ms)
is the probability that v will be drawn froma normal distribution of nean

m and std s 43 CEAFVST] =TT , the
system conpr icknitgmaj cONMI MR PLsPry pg ules; 5
generation peans _fof genérating M adinglhl ' t radi ng
behavi ours f@ntf or virttall @npli 4 el pétlio Sefecti ng
virtual trafficFrggeni s§ 07X €3, SW It Ud PFehayi Jur Frahd®or v| reugl

conpl i ance maS,  ararat o wpdarTT Fomo STOTR Tt TR ance
rules in th R Fy e —-ti—FFE R i SR e R R T rul es
have been wi i hl s b thel se  ed b :

CLQC C 1d Q
hi stories, virtual trading behaviours and/ or virtual corrpi ance rules. 15
2. A syst em2COOeBinglhuereddivenekardpletdbet thoderl Jignsataetanpt iFaet @reoni t or
whi ch moni t &S, témsesdel, ORk Siadel 180 TPAHer Afbed WaBR! mork atiaRBadtiShe&RVhRt h
reference tQ J g GAPIdANGE slblleERe 30 PF 89addd LG ORI ARG Cadnd! 5, HELDI Y-
team or the Group. This may be entirely fine, but understandably
raises the Ping-ness of such transactions.

92 1Illustrative example of Ping-ness formula

Ping(T:Trader, C:Counterparty, V:Value)=s _
{BPing(T,C, V) +BPing (Team(T), {C,V) +BPing {Gxroup(T),C,V)/3
93 BPing (X,C,V)= £for X being a Trader, Team or Group
IntrinsicPing(X)+IntrinsicPing{(C)
p(X,C)NormalProb (V,Mean(X,C},Std(X,C})
where
IntrinsicPing is the Intrinsic Pingness associated with X or C
p(X.C) is the observed probability of X dealing with C
Mean(X,C) is the "Mean" column for X of C
std (X,C} is the "Standard Deviation" column for X for C
NormalProb (v,m,s) is the probability that v will be drawn from
a normal distribution of mean m and std s
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3. A systemaccording to of the preceding clains 20 further
conprising extraction mean;ljﬂmm ml,ﬁﬂﬂ(”m real trading histories, real
tradi ng behawoes/spzend/ or uI es fromthe real 85
system and i nputting the extracted {'r adli ng histories to the genera? ﬁ
means. 4. A system according to any of the preceding clainms 25 wherein
the generation neans generates the virtual trading histories, virtual

tradi ng behaviours and/or virtual conpliafice rules by nodifying initial
trading histories, trading behaviours and/or conpliance rules in accor dance
with a genetic al gorithm 30 5. A sys€eMMScording to any of the
preceding clains farshetemolipei gengracghgacompl i Mcdrenibes Oreiget eystémnng

t he virtual cong)l | e, ene#nul es fromthe selected virtual trading histories or
behavi our s. sys according to any of the preceding clains 35
wherein the sea exetphi aneth Fulemeancsy Soar isngrmeansompliescé negles; an
apparent | gvel eﬁefaff&yln@aﬁsv £8k ééﬁei‘éii vil '1”9.r9li§h§rhf§toﬁi‘9%as| 44

|dent|f|cat|on means, for sel ecting virtual Ing historiés on t S
of their esti rfmvéexaalpﬁe;@eﬁm ReRavigurs ;aeedparthuarl comgpliance ratesi di ng

to claim6 whegeléctiivn vmé.iml £6rt Ealebgilg ST OFE €51 ceeddLRFPhiSECoRigSfUENCe
of virtual transacti.ons d Wn?rel n the or| nig afs asill%ns an

i ndi vi dual apphtEnidt &F& 15‘19 b %W‘?f?ta&? BT HER-VA R ekl
assigns a | eveandf corroboration to sone of the virtual transactions, and

estimates \jhe SRS denti L3 QLobihE0 ALY Rndiiande Hidks! SAK ARG

hlstory in acc the i1 ndivi app arent eve Irregu arlty
and the | evel scomptiRnGHorHlBoMEMPIYA s‘gib?‘é%facébﬁdl‘ﬁg}-’tﬂ-@]cl Ca‘?wéleecq

wherein the Vvighlied ﬁé@éilﬁeeﬂlaéoéwlse@aﬁbuwfﬂ@:éﬁ@u@e smuemeseieetéaual
15 transactlons,

d coring neans assi .an i vi dual
| evel  of HPébﬁ'l"‘é% frﬁcﬁmgeagﬁsgsirftfﬁal virtual’ 't 1aai%g BehLL S
and/or virtual compliance rules.
15 2. A system according to claim 1 further comprising a

compliance monitoxr which monitors transactions carried out

on a real trading system with reference to the compliance
rules stored in the compliance rule memory.
3. A system according to any of the preceding claims

20 further comprising extraction means for extracting real
trading histories, real trading behaviours and/or real
compliance rules from the real trading system and inputting
the extracted trading histories to the generation means.
4. A system according to any of the preceding claims

r] wherein the generation means generates the virtual trading
histories, virtual trading behaviours and/or virtual
compliance rules by modifying initial trading histories,
trading behaviours and/or compliance rules in accordance
with a genetic algorithm.

30 5. A system according to any of the preceding claims
further comprising regularisation means for determining the
virtual compliance rules from the selected virtual trading
histories or behaviours.

6. A system according to any of the preceding claims

35 wherein the selection means comprises
scoring means for estimating an apparent level of
irregularity of the virtual trading histories; and
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transaction by reference To statisticat——Triteria based on the real trad| ng

hi stories carried out on tu'un system 20 9. A system
accordi ng tqﬁagg, S%,,the p ﬂmgln mm\/ﬂerei n the generation nmeans is
adapted to check Vvirtual déal fngt hi*st éries agai nst one or noME/GCBIS/0ITRS
conpliance rules stored in the conpliance rule nmenory. 10. A trading system
conprising 25 a real trading system and a conpliance nonitoring system
according to any of the preceding claing, 11. A trading system according
to claim10 wherein the real trading systemconprises a plurality of

tradi ng 30 cddentefscatinact eedahs aﬁzxmrrme]rmiwg *a:‘mtwmbretnatihﬂg

complance MykQL g SSLAIES (LIBE YIRILEdSDYn008s Yo UG Oh LS LA 1O

conput ers. Sharattng conpirance T
conprisi ng 33ryegudariny. V|rtual trading histories, virtual trading

behavi ours and/ or aVigylstah CRIEIAREE ddll €Faim 4HeRledst | gk Vi ekt t radi ng
histories, virtual trading behaviolrs and/or virtual conpliance rules and

storing Vi rt GZRIIHEDI RESHF ISR c82Fh CREPTIRE| i2nSETHENES r YinFual
reference tottriagsaekeéohsd ramdesvhedeiirortles etobindehmaneursssikhs Aaiyst em

for generatin 1.0 ViLO ysten1 | si.ng i

behavi our ﬁ%ﬁﬁvﬁgyagtg %ﬁe?Eagﬁﬂﬁpﬁgiéfrﬁg rﬁ& ° Sgﬁé ng§?1
gener ating vmmamahcmnadthSBeQaS|@ulsvegroﬁnhoregn¢a§¢xﬂnnQansOmgrof
conparing th?rﬁ%ov:&t{zﬁ!t'aéréﬁé’é% qugehanaoyéélméb e @ %?a%ﬁcoieaeieal

trader, and ecting tradin ehavi ours which corrshgg wth the actions
of the r#al Fﬁadéﬂreﬁﬁéaﬁﬁaztlﬁé nthRs Vért¥edri kg2 sePeBEREY t r 48i ng
behavi ours i acdeedanedi ngrit@hawmeur imdiriduals dpparehtsysievebsconding to

claim 13 mheg%&%g% %rQEgm%Qd the levels of corroborationm.
8. A system according to claim 6 or 7 wherein the virtual
trading histories each comprise a seguence of virtual

15 transactions, and wherein the scoring means assigns an
individual 1level of irregularity to each virtual
transaction by reference to statistical criteria based on
the real trading histories carried out on the real trading
system.

20 9. A system according to any of the preceding claims
wherein the generation means is adapted to check virtual
dealing histories against one or more current compliance
rules stored in the compliance rule memory.

10. A trading system comprising

25 a real trading system; and
a compliance monitoring system according to any of the
preceding claims.

11. A trading system according to claim 10 wherein the
real trading system comprises a plurality of trading

30 computers connected to a common network, and wherein the
compliance monitoring system is implemented by one or more
of the trading computers.

12. A method of generating compliance rules, the method
comprising

35 generating wvirtual trading histories, virtual trading
behaviours and/or virtual compliance rules;
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regul ati on nmeans sel ects virtualtradi-rg—behavi ours by nonitoring the

performance of the virtual i ; |" s in avirtual trading system
and sel ecti ngwoiogkases tradi ' ﬁ ﬂm m{ch make noney in ' 20
tradi ng system 15. A nethod*of® generats ng tradi ng behaviours?eﬁﬁ%b%%#ﬁ%d
conprising generating tradi ng behavi ours; conparing the tradi ng behaviours
with the actions of a real trader; selecting trading behaviours which
correspond with the 25 actions of the re&é trader; and storing the

sel ected tradi ng_behaviours in a trading behaviour nenory.
seélecting virtual trading histories, virtual trading

behaviours and/or virtual compliance rules; and
storing virtual compliance rules in the compliance rule
memory with reference to the selected rules, histories or

5 behaviours.

13. A system for generating trading behaviours, the syst:ém
comprising a trading behaviour memory for storing trading
behaviours; breeding means for generating virtual trading
behaviours; growth regulation means for compaxing the

10 virtual trading behaviours with the actions of a real
trader, and selecting trading behaviours which correspond
with the actions of the real trader; and updating means for
storing the selected trading behaviours in the trading
behaviour memory.

15 14. A system according to claim 13 wherein the growth
regulation means selects wvirtual trading behaviours by
monitoring the performance of the wvirtual trading
behaviours in a virtual trading system, and selecting
virtual trading behaviours which make money in the virtual

20 trading system.

15. A method of generating trading behaviours, the method
comprising generating trading behaviours; comparing the
trading behaviours with the actions of a real trader;
selecting trading behaviours which correspond with the

P2 actions of the real trader; and storing the selected

trading behaviours in a trading behaviour memory.
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