TURQUOISE

Technical Specifications
EMAPS S@Sf 2 LJSNR& DdzA R

Turquoise Trading System

Version 16ab-gevision2
19%" Mar-October 2009

www.tradeturquoise.com



TURQUOISE

Contents
1. ADOUL ThiS DOCUMENL. .. .uueiiiiiiiiiiee ettt asee e 1941
1.1 INrOAUCHION. ..ttt 1911
2. BaSIiC CONCEPLS .ottt ittt ettt 2012
A R O V=] V[ PP 2012
2.1.1  API (Application Programming Interface)..........ccccouviieuieeiiiiiiiiiiiiiiieeiiiie 2012
2.1.2 MESSAQE TYPES ittt ittt 2012
2.1.3 MESSAQE FIOWS. ...ttt 2012
2.0 4  TAX SEIVICES ittt ittt 2012
3. CompPONeNt MOAEIS. . ...ttt 2214
3.1 INStrument MOl ..uuueeiiiiiiiieiiie ettt 2214
3.2 OrderbOOK MOAEL....cuuiisiiiiiiiiieiiieiieee ettt 2214
3.3 USEI MOUEL. ...ttt 2315
3.31  Trading MemMDBer ... ettt 2315
3.3.2 Member UNit. ..ot 2315
3.3.3 U S S, ettt 2315
3.3.4  PartiCiPant.......cc..eeuiiiiiiiieiiiiii ittt 2315
3.35 Users in Update EVENIS......cuuvuiiiiiiiieieeeeeeee ettt 2416
4. ACCESS RIQNIS...ciiiiiiiieeee ettt 2517
4.1  Trading AcCeSS Profile..........uuuiiiiiiiiiiiiiiiiiiiiiiiie ettt 2517
4.2  Subscription Access Profile.........cccuueeiiiiiiiiiiiiiiiiiiiiiiciiiiie s 2517
5. Session HaNAlNG ....ouuiieeieeee oottt 2618
o0t R o To 1 WO PP 2618
5.2  General POINS. ittt 2618
5.3 SESSION TYPOS . iitiiiiiitiit ettt ettt 2618
531 OE: Order ENthY...iccceeeiiieiiiiiiiiiiie ittt ettt 2749
5.3.2 MDF: Market Data Feed........oouiiiiiiieieeeieeeiet et 2719
5.3.3 Replay: Replay and/or RECOVEIY. . uuuuiieieieeeeeeeee et 2719
534 EMAPISESSION. . ciiuutiiiitiii ittt 2820
5.3.4.1 EmapiSesSiON.CONNECE......ccuuuueiiiiiiiiiiiiieiieesseieei ettt 2820
5.3.4.2 EmapiSesSiON.tranSCeIVE. . .ocuuuueiiiiiiiiiiiiiee ettt 2820
5.3.4.3 EmapiSession.addSubSCription .........uuuvvviieiieeiiieeeeeeeeeeeee et 2820
5.3.4.4 EmapiSession.addViewSubscription..........ccceeveeeeecceeciiiiiiieiieie 2820
5.3.4.5 EmapiSession.unsSubSCrbe . ......uuvvuiiiiiiiieieeeeeeeeeeeee e 2921
5.3.4.6 EmapiSession.replay.........oouuiieiiieiiie e 2921
5.3.4.7 EmapiSession.messageTOStNG. ....oueeeeeeeeeeeeeeeeeeeeeeeeeeeeee 2921
5.3.4.8 EmMapiSesSioN.tOStING . ..uuuueeeiiiiieiiiiiiiee et 2921

www.tradeturquoise.com
.



TURQUOISE

5.3.4.9 EmMapiSeSSION.ClOSE. .. .uuuuuuuuiiiiiiiiiiiiiieeiiiiiieeeeee et 2921
5.3.4.10 EmapiEventCallback ........ccoeueeeiiiiiiiiiieeiieeeeeee 2921
5.3.4.11 EmapiErrorCallback..........ouucueeiiiiiiiiiiiiiiiiiiiiiisiiie et 2921
5.3.4.12 EMAPIEXCEPLOM . .euiiiiiiiiieiiiiiii ittt 2921

5.4 FAIUIES. ettt aaeen 3022
5.5 LOQOUL ittt 3022
6.  SUDSCHPUONS ..ttt 3123
6.1 MeSSAQE FIOW...ciiiiiiiiiiiiiii ittt 3123
6.2  SEQUENCE SEIEAML. ...ttt ettt 3123
6.3 SubSCription FUNCHON. ... .uuuttiiiiiiiiiiiiiiiiieeiieee et 3224
6.3.1 Replay FIOWS ..oooe ittt 3224
6.3.2  SNaPShOt FIOWS......uueeiiiiiiiiiiiiiii ettt 3224
6.3.3 Business Sequence NUMDEIS. .....uuuuiiiiiiiiiiiiiiieiiiiiiiiee i 3224
6.34 EMAPIEVENL.....ueiiiiiiiiiiiiieeeieeeeeet ettt 3325
6.3.5 Initial Response (Snapshot) EVentS........ooeeeeeeeieee e 3325
6.3.6 Unsolicited FIOW INtereaving........uwueiiiiiiiiiiiiiieiiiiiiiiiiee st 3426
6.4 Replay MethOOS.....c.uuueiiiiiiiiiiiiiiii ittt 3628
6.5  VieW SUDSCHPLIONS. . .uuuiiiiiiiiittiiiie ittt ettt ettt 3628
6.6  Typical Starup and ReCOVery SCEeNArQS........cuuuiiiiicieiiiiiiiiiiiiiiiieiiiiieieeeeee 3839
6.6.1 ComMMON StaFUP TASKS ....uueuteeiiiiiiiiiiiiiiiiiii ettt 3839
6.6.2 RECOVEIY SCENAIIOS. . ettt 3931
6.6.3 Replayable FIOWS. .......ouiiiieieiiiiiiiiisiiiee ettt 3931
A © (o (=Y g o ToTo ) ql  F= Vo | 1o PP 4234
7.1 Order AttrDULES. . .eeeiiiiiiieieeeee e aeee 4234
7.1.1  Transaction SeMaNtiCS. . ..uuuueeeeee it eaaaae 4234
7.1.1.1 possDug Possible DUpliCate. ........ocuveeeiieiiiiiiiiiieieeeesiiee s 4234
7.1.1.2 canCelONLOQOUL.....uutitiiiiiieiiiiie ittt ettt eiee e e s 4234
7.1.2 User and Participant Informatian.............cc.eeveveeeeeeeeeiiiiiiiiiiiiiiiiiieeeeeieeeaeeee, 4234
7.1.2.1 User and Participant Identification...............cccuuvueeeuueeeeeeiiiiiiiiiiiiiiiiiieeiaaa. 4234
7.1.3  Order IdentifiCation ...........eeeeiiieeeeiiiiiiisssiiiiee ettt 4234
7.1.4  Buy/Sell INAICALOE. .....uueeiiiiiiiieiiieee ittt eae 4335
7.1.5 Order PriC. . ittt aae e 4335
7.1.6 Order QUANIEY. ... 4436
A T R o 1 (o =Y () Y PP PP P PP PPPPPP 4436
7.1.6.2 OrderQtYOPEN. oottt 4436
7.1.6.3 minimumVolumeCOoNAItiON. . .oeeeeeeeeeeeeeeee e 4436
7.1.7 Validity CONAitiONS ...eeeeeeeeeeeei ettt 4436

www.tradeturquoise.com
.



TURQUOISE

A S R V7= o | (o 1 0 PP 4436
7.1.7.2 VATl ittt ettt ettt e e e s 4436
7.1.8 Priority Change........uuuuiieieiiiiiiiiieiiiiiieiieeeeeesseeeeesieee e . ADST
7.1.9  Order Inseric Mandatory and Default FieldS.............cueiiiiciieiiiiiiiiiiiiiiieeenn 4638
7.2 Mapping of Order Types to Order Attributes.........cooeeeeeeeeeeiiiiieeeeeeeeeei 4739
7.3  Private Order EVent FIOW.......oueeeeieeeieeeeeee ettt 5042
7.3.1  Order Event Types/Sub TYPES......cccuuuuuiiiiiiiiiiiiiiiiiiiiiiiiie e 5143
7.3.1.1 @VeNITYPO ittt 5143
7.3.1.2 SOUICEOFEVENL. . uuuiiiiiiiiiiiiiiiie ittt 5244
7.3.1.3 eventSubTYPe ..oooeee et 5244
7.3.1.4 eventSubType, eventType, and sourceOfEvent.........cccceeevvvnvvnnvvnnnnnne 5244
7.3.2 Private Order ID.........uueeiiieiiisiiiiie ettt 5244
7.3.3 PUDBIIC Order ID......uuiiiiiiiiiieiee ettt ettt 5244
7.3 4  ACtUAI PriCe...uuiiiiiiiiiiee ettt 5345
7.3.5  Type of orderbook and PriOfity.........uuuueeuieeeeeeeeiiiiieeieeeeeeeeeeeeee 5345
7.3.5.1 Type of OrderbO0K.........ccuuucuuueeiiiiiiiseiiiiiiiiisiiiie et 5345
7.3.5.2 PriOrity GrOUD...coiiceeeeiiiiiiiiiiiiit ettt sttt sttt e e e iieeeeeee e 5345
7.3.5.3  PriOMitY.iceeeeiiiiiiiiiiiiie ettt 5345
7.3.6 orgOrderQty and publicOrderQtY.......ouuueeieeiiiei e 5345
7.3.6.1 OrgOrderOQty. e s 5345
7.3.6.2 pUDICOIrderQtY ... ittt 5446
7.3.7  Time of Entry and Time of ModificatiQn..............ccoouveeiiiiiiiiciiiiiiiiiiiiiiiiiien 5446
7.4  Public Order EVENt FIOW.........uuuueiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeee ettt 5547
7.4.1 Public Order Book Event MeSSaQ€. .. .uuvvuiieeeeeeeeeeeeeeeee et 5547
7.4.2 Order Book State Change MeSSA0E. .. ...uwwveeeeiiiiiiiiiiiiiiieeeeeeeeeee et 5547
7.4.3 Maintaining an image of an Order BOOK...........cccuviiiceeieiiiiiiiiiiiiiiieieii, 5648
T.5 L ittt e e 5859
7.5.1  AUCHON StAteS..cceiiie i 5850
7.5.2  AutomatCh StatesS............eeeeeveiiiiiiiiiiiiieeeeeeeeeeee e 5850
7.6 Order Book State Change MeSSaQe ........ccvveeiiiiiiiiiiiiiiiiieiiiiiiiieee i 5859
7.7 Information ON Trad@S.....uueueiiiieeiiiiiiiii ittt 5859
7.7.1 Private Trade EVENES........uuueueiiiiiiiiiiiiiiieeeeeeeeeeeeeeee ettt 5951
7.7.2 V1o TTo = o =T PP P PP PP PPPPP 5951
7.8  Trading StateS.....cuuiiee ettt ia e e naa e 6052
7.8.1  Trading State TYPe...oooei it 6052
7.82  Trade Hall......oooooooiiiiiiiieiiee e 6052
7.8.3  Order Book State Change MeSSAQe........uuuweeeiiieiiiiiiiiiiiiieeeee et 6052
7.9  MeSSaQe SEAUENCING. . .uttitii ittt ettt ettt ettt ettt et eeeereereeereeed 6254

www.tradeturquoise.com
.



TURQUOISE

7.9.1 Order Actions Automatch Phase..........ccccevevveeeeueiiiiiiiiiiiiiiiiiiiieiiiieeeeeeeeeee 6254
7.9.1.1 OrderInsert,and NO Fill........euuuvuueveeiiiiiiiiiiiiiiiiiiiiieeeeeeeeee et 6254
7.9.1.2 Order Insert, Partial Fill...........cccuicouiiiiiiiiiiiiiiiiiiiiiiciiiiie i 6355
7.9.1.3 Order Insert, FUIl Fill......cooiiicueiiiiiiiiiiiiiiiiiieiiiiiiieeeeiiiiee e 6456
7.9.1.4 Resting Order receives Partial Eill.....ooooveeeeeeeeeeeieiieeeeeeeeeeeen 6456
7.9.1.5 Order Update, No Priority Change, NO.Eill........evveeeeeeiiiiiiiiiiiiiieeeeeeeeeeee) 6557
7.9.1.6 Order Update, Priority Change, NO Eill........cccouvveiiiiiiiiiiiiiiiiiiiiiciiiiieeee 6658
7.9.1.7 Order Update, Priority Change, Partial. Eill.............cccooeviiiiiiiiiiiiiiiiiiienn, 6658
7.9.1.8 Order Update, Priority Change, FUll Eill............ccoooiiiiiciiiiiiiiiiiiciiiiiieee 6759
7.9.1.9 Order Peg Recalculation.............ueeeeeeeeeeiuiiiiiiiiiiiiiiiiieeeeeeeeeeeeieeseeeeeee 6869
7.9.1.10  Order CaNCEel...uueueeeeiiiiiiiiieieeeeeeee e 6961

7.9.2  Order Actions and Auction Phase............ccceuuiicuveeiiiieiiiiciiiiiie i 6961
7.9.2.1 Order INSeIt. . .ccui ittt 6961
7.9.2.2 Order Update.....ouuuuiiiiiiiiiieeeeeeeeee ettt aaaaas 7062
7.9.2.3 Order CaNCeL......uuuuuueuiiiiiiiiiiiiiieiiieiieiiee ettt 7062
7.9.2.4 Order Cancelled at end of Auction because of Valid Till Conditian...........7163

7.9.3 PeqQed Order. . cuui ittt 7163
7.9.3.1 Order Insert Empty Orderbo0k..........cuuuiiueeeeuiiiiiiiiiiiiiiiiiiisiiiiiiieeiii 7163
7.9.3.2 Order INSeIM. . uuuuiieiiieeeeee ettt o 163
7.9.3.3 New Order Peqg Recalculated..........cooeeeeeeeeeiiiiiiiiieeeeeeeee 7264

7.9.4  State TranSItiONS . .uueuiieeieiiii ittt 7264
7.9.4.1 Closed> AUCtION PRAS@.....cccuiiiiiiiiiiiiiiiiiiiiiiee ettt 1264
7.9.4.2 Auction-> AutomatCh..........eeeeeeeiieiiiiiiiiiiieeeeee e 7365
7.9.4.3 AutomatCh-> AUCHION.....uweeeeeiiiiiiiiiiieiieee e 7365
7.9.4.4 AUCtION-> POSt Tradf.....ccoeeeeeiiieeeeivte e 7365
7.9.4.5 Automatch-> Halted..........ccuveeieiiiiiiiiiiiiieiesiiiee e 7365
7.9.4.6 Halted-> AUCHON ....cueeeiiiiieiiiiiiieiee ettt 7466
7.9.4.7 Automatch-> Post Trade (End of day).....cooeeeeeeeeieeeeiieeieec 7466

700  QUOTING. teeieee ettt 1466
- Quote Replace IjgoteReplacel..........ueveeeiiiiiiieiiiiiiiiiiiiiiieieesiieie e 7466
- Private quote ID (clientDefinedQuoteld)...........eeueeiiiiieeiiiiiiiiiiiiiiiiieiiiiiee 7567
- Quote ID (QUOLEIA)...ceiiiiiiiiiieeeeeeee et aaen 7567

T =11V AN ol B o] = 1Y PP PP PP PP PP PPPPP 7879
Native Threads and Threaafety Considerations...........cccceeeeeeeuvuuiiiiiiiiiiiiiiiiiiiiiiesien, 7879
EMAP] DIVISOL. ettt ettt ettt ettt et et et a e et e e e aaaees 7879

8.1 EMAPICH ittt 7879

8.1.1 MessageDatalf..........cooeeeeeeeeiieiieee e o TR

8.1.1.1 MessageDatalf::getMessageNamMe. .........uuuurueuereeiiieiiiiiiiiiiiiiiiiiiiiiiiieeieaenn. 7942

www.tradeturquoise.com
.



TURQUOISE

8.1.1.2 MessageDatalf::tOStriNGg. . ..cvvveeieeeeieeeeeeeeeeeeeeeee e 19742
8.1.1.3 MessageDatalf::getMessageTYPEe. ..uuveeiieeeeeeeie et 71941
8.1.2 EMaPIiSESSION. . eiiiiiiiiiii it 80#2
8.1.2.1 EmapiSession::EMapiSESSION . ..uuuuuiiiiiiiiiiiiiiiiiiiiiiiiee it e s 80#2
8.1.2.2 EmapiSession::~EmapiSeSSiQN........ccouuuwuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieiaiaeeaean, 80%2
8.1.2.3 EmapiSesSiON::CONNECE .. cuiiui ittt 81743
8.1.2.4 EmapiSesSioN: tranSCeIVE. ... ..uuuuiiiiiiiiiiiiiiiiiiiiiiiie ettt 8173
8.1.2.5 EmapiSession::addSubSCriptiQn...........ueeiiiiiiiciiiiiiiiiiiiiiiiiiiiiiiiiieeeeee 8274
8.1.2.6 EMAPISession::addViewSubSCrption..........uueiiiiiiciiiiiiiiiiiiiiiiiiiieiiiieen 8274
8.1.2.7 EmapiSession::unSUbSCrbe. . ...ccuueeeeeiiieieeeeeeeee e 8345
8.1.2.8 EmMapiSesSioN:replay.....cccccueeeeiiiiiiiiiiiietit it 8375
8.1.2.9 EmapiSession::mesSageTOStNG. ....uuuureieiiiiiiiiiiiiiiiiiiiiiiieeesiiiieeeeen 8476
8.1.2.10 EmMapiSessioN: tOStrNG....uuuuuisieeiiiiiiiiiiiiiiiieet it 8476
8.1.2.11 EMapiSesSiON::releasSe. . ..cuuuuuieiieeeeeeeeeeeeeee et 854
8.1.2.12 EMAapPiSEeSSION::ClIOSE . iuiiieeiieeiee ettt 854
8.1.2.13 EMAPISession::setLogLevel.......ccuuueiiiiiiiiiiiiiiiiiiiiiiiiiiie i 8547
8.1.2.14 EmapiEventCallback (EmapiSession)........c.ueeeiieiiiicuiiiiiiiiiiiiiiiiiiieeians 8648
8.1.2.15 EmapiErrorCallback (EmapiSeSSION)......ccuuuiiiueeeiiiiiiiiiiiiiiiiiiiiiiiiieeennn, 8648
8.1.3 EMapi TAXQAEWAY. .. ...ttt iia et e et e e et ettt e e ia e 8749
8.2  EMAPI JAVA ...ttt ettt e e e 8749
8.2.1 MessageDatalf...........oouieueeeiiiiiiiiiiii e 8749
8.2.1.1 MESSAUE NMAMIE. ttttieuuiuti ittt ettt ettt 8880
8.2.1.2 MESSAUE LY PO ..ttt 8880
8.2.2 EMADISESSION. ...ttt 8880
8.2.2.1 EMAPISESSION. .eetititiiiiiiieieee ettt e e e aaaaaeaead 8880
8.2.2.2 EmMapiSeSSION.CONNECE......cuuueeiiiiiiiiiiiieiie sttt ettt 8981
8.2.2.3 EmapiSesSiON.tranSCeIVE. . .ouuuueeiiiiiiiiiiiieie ettt 9082
8.2.2.4 EmapiSession.addSubSCription ........uuvuveeiieiieeiiiieeeeeeeeeee et 9082
8.2.2.5 EmapiSession.addViewSubscription............eeieeeecccesiiiiiiiiiiiiiee 9183
8.2.2.6 EmapiSession::unSUbSCribe . ........cccuueeiiiiiiiiiiiiiiieeeeiiee et 9183
8.2.2.7 EmMapiSeSSION.rEPIAY. ..eeuiieeiiiiiti ittt 9284
8.2.2.8 EmapiSession.messageToOStNG. ...oueeeeeeeeeeeieeeeeeeeeeeeeeeee 9284
8.2.2.9 EmapiSesSiON.tOStING . .uuuueeeeiiiiieiiiiiiiee ettt 9385
8.2.2.10 EMAapPISESSION.CIOSE. . .uuveeeeiiiiiiiiiiiiiiie ettt 9385
8.2.2.11 EmapiEventCallback ........ccooeeieiieiiiiiiiieii 9385
8.2.2.12 EmapiErrorCallback.........uweweeeeeeiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 9486
8.2.2.13 EMAPIEXCEPLIOMN ..vvviiiiiiiiiiieeieeeeeeeeeeeee e 9486
9. Message AtNDULE TYPES . ..uuuwieeiiiiiiiiiie ettt 9587

www.tradeturquoise.com



TURQUOISE

o I R 1= 1=y (ol Y] 0 1= TP 95874
9.2 Message Reference AttribULeS.........ccuwwwwuuueuuiiiiiiiiiiiiiiiiiiiiiiiiiee et 9587
10. Comprehensive List of Messages and Information FIOWS............ccoeviiiciieeiiieiiinenee.. 9789
10.1 Request/ReSPONSE MESSAQES. .. .uuuiiiiiiiiieiiiiiiiiiisiiiiitii e it iiie it it et i eaenanee 9789
10.0.0  FIOWS. eiiieitsiiiie ettt ettt ettt e e e e e e e aaaaans 9789
10.1.0.0 SUMIMI@AIY . ettt ettt ettt et ettt 9899
10.1.1.2 PUBLIC_ ORDERBOOK FLOW.....ucuttiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiieeeeen 9899
10.1.1.3 PUBLIC TRADE FLOW. ..cttiiiiiiiiiiiiiiiiiiiiiiiiiiee ettt reiieeae e 9899
10.1.1.4  MBL L1 FLOW. ..utttiiiiiiiiitiiiiie ettt 991
10.1.1.5 PRIVATE ORDERBOOK FLOW. ...cuutiiiiiiiiiiiiiiieeiisiiiiiie s 9991
10.1.1.6  PRIVATE TRADE FLOM . .cttttiiiiiiiiiiieeeieiiee ettt eaaaiaaa 10092
10.1.1.7 TRADING RULES FLOW....cctttiiiiiiiiiiiiiiiiiiiiiiiie et 10092
10.1.1.8  SYSTEM EVENT FLOW. ...ccuutiiiiiiiiiiiiiiiiiieiiiiiiiieiee it 10193
10.1.1.9 SYSTEM STATUS FLOW. ..oitiiiiiiiiiiiiiieeeieiie ettt esaasaaaa 10294

L. MBS AU S . ittt ettt 10335
11,0 SUMIMIAIY . ettt ettt ettt ettt e e 10395
11.1.2 EmapiAddSUubSCriptioNREq. .....vvviiiiiiiiiiiiiiiiiiiieiiiiee ettt 10496
11.1.3 EmapiAddSUbSCriptiONRSP....uuueiiiiiiiiiiiiiiiiiii ittt 10597
11.1.4 EmapiAddViewSubscriptioNnREq . .....ccuuweieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeaeaeaaaeaee, 105+
11.1.5 EmapiAddViewSubsCriptioNRSD.....ccccuueeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaeeeeaaaaaeaeen, 10628
11.1.6  EMapPiAUCLIONEVENE .. ..uuiiiiiiiiiiiiii ittt 10698
11.1.7 EmapiChangePassWOrdRE0 . .....cuevveeiiiiiiiiiiiiiiiieeiiseiee i 10799
11.1.8 EmapiCurrentValueENdEVeNt .......oooeeiiieiiieeeeeeeeeeeieeae 10729
11.1.9 EmapiCurrentValueStartEvVent..........ccuuvueeieeiiiiiiiiiiiiiieeeeeeeeeeeee e 10799
11.1.10 EmapiHeartbeatReq........coeevieeiieci e, 10729
11.1.11 EmapiHeartbeatRSP........uuviieiiiiiiiiiiiiiiiieiiieeee et 108109
11.1.12 EmapilnstrumentUpdateEvent..........ccceeeeeeveeiiiiiiiiiiiiiiiiiiiiiiiiiieeee 108109
11113 EmapiLoQiNREQ. ..eueeeieiiiiiiiieeeeeeeeeeee e 108189
11114 EmapiLOQiNRSP..eeeeeiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 108189
11.1.15 EMAapPILOQOULREG ..eeeiiiiiiiiiiiiiiieeiieeie ettt 109101
11116 EmMapIMBIEVENt.....cceiiiiiiiiiiiiiiiieiiieee ettt 109161
11.1.17  EmapiOrderbookRuleGroupEVeNt. ........uweeeeeeeeiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeea, 109101
11.1.18 EmapiOrderbookStateChangeEVent............uvwwveeeeeeieeiiiiiiiiiiiiiieeieeeeee, 1091691
11.1.19 EmapiOrderCanCelReq.........uuuuuuueuiieiiiiiiiiiiiiiiiiiiiiiiiiieiiaeeeeeeeeieeeiiiae e 110192
11.1.20 EmapiOrderCanCelRSP ... ...ccuuuuuueiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeaeeeeeeeeeeeeeeaae e 110402
11121  EmapiOrderinSernRe0. . ....eeeeeeeeeeeeeieeeeeeeeeee e 110102
11.1.22  EmapiOrderinSertRSP. . ..uuuwieiiiiiieeeeeeeeeeeeeee ettt 113105
11.1.23 EmapiOrderMassUpdateReq . ......ccoeeeeuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiivievaaeea 113195

www.tradeturquoise.com
.



TURQUOISE

11.1.24 EmapiOrderMassUpdateRSD.....coeeeeeeeieiiiieeeeeeeee 114106
11.1.25 EmapiOrderUpdateReq. . ...uweeeeeiiiiiiiiieeeeeeeeeeeeeeeee et 114106
11.1.26  EmapiorderUpdateRSP. .....cuveeeiiiiiiiiiiiiiiiiiiiiiiiiee ettt 116108
11.1.27 EmapiPrivateOrderbOOKEVeNnL . ......cuvveeiiiiiiiiiiiiiieiiiiiiiie e 117109
11.1.28 EmapiPrivateTradeEVent.........cccceuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieaeeaaeeeeeee 122414
11.1.29 EmapiPublicOrderbOOKEVeNnt.......cccceiiiiiiiieiiiiiieeieeaeea 124116
11.1.30 EmapiPubliCTradeEVenL ... ...uuuiiiiiiiiiiiiiiiisiiiiiee it 125117
11.1.31  EmapiQryAccesSINfORE. . .uuueiiiiiiiiiiiiiiiiiiiiiieeeseiit et 126118
11.1.32 EmapiQryAcceSSINfORSP . ..uuuuiiiiiiiiiiiiiiiiiisiiiiiite et 126118
11.1.33 EmapiQryINStrumentSRE0. ....ovvveiiieiieeieeeeeeeeeeeeeeeee e 126318
11.1.34 EmapiQryINStrumMentSRSD. . .uvviiiiiiiiieeeeeeee et 127439
11.1.35 EmapiQryMarketReq......uuueiiisiieiiiiiiiiiiiiiiiiiee ittt 127419
11.1.36 EmapiQryMarketRSPD ......cuieiiiiiiiiiiiiiiiiiieiiiee ettt 127119
11137  EMapiQOryVIEWREO. .. uuuuueeieiiiiiiiiiieiiiiiiiiiieiiieeeee ettt et 127419
11.1.38 EMapiQOryVIEWRSD. ..ooieiiiiieeeeetieieeivte ittt ia e 127419
11.1.39 EmapiRemoveSubsCriptioNnREeq........uvuuiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiiiieeee 128129
11.1.40 EmapiReplayENdEVENt.....cceeiiiiiiiiiiiiiiiiiiiieee et 128120
11141 EmapiReplayReQ. ....uuueiiiiiiiiiiiiiiiieiiiiiii et 128120
11142 EmMapiREPIAYRSD....uuueiiiiiiiiiiiiiiiiiiiiiiieieeieet ettt 129121
11.1.43 EmapiReplayStarntEvent........ccooovviiiiieeeeeeeeeeeeee et 129121
11144 EMAPIRESPONSE...ceiiiiiiiiiiiiiiii ittt 129121
11.1.45 EmapiSystemStatUSEVENt.........uuveeiiiiiiiiiiiiiiiiiiiiiiiieee s 129121
11146 EmapiTextMeSSageEVeNt.........uuuuuuueeeiiiiiiiieiiieiiiiiiiiiieeeeeeeee e 130222
11.1.47 EmapiTickSizeTableEVeNt...........uuuweeeeeeiiiiieiiiiiiiiiiiiiiieeeeeeee e 130222
11.1.48 EmapiQuotelnSernReq. ....ouuueeeeeeeieeeeee et 130422
11.1.49 EmapiQuotelNSErtRSP. ....uuuueiieiiiiiiiiiiiiieieiieee et eeiiiie e 130122
11.1.50 EmapiQuoteEventPrivate.........c..uuuueiiiiiiiiiiieeiiisiiiee et 131423
11.2 SUBSIIUCIUIES. . oottt ettt e ae e 131423
11.2. 0  SUMIMIAIY . ittt ettt ettt ettt e ettt ettt ettt e e e e e et e reeeeeees 131423
1122 EMAPIEVENL...c..uuiiiiiiiiiiiiiiie ettt 132424
11.2.3 EmapiFloOWStatuS.....ccueeeiiiiiiiiiiiiieee ettt 132124
11.24 EmapilnStruMeNt. ... . e ettt 133124
11.25 Emapilnstrumentid..........eeeeeeeeeeiiiiiiiieieeeeeeeeeeee ettt 13325
11.2.6  EMaPIMArKeL . ...ueeeeeeeiiiiiiieieee ettt 133125
11.2.7 EmapiOrderbO0oK. ........uuwuueeueeeeiiiiiiiiiiiiiiiiiieeeeee e 133125
11.2.8 EmapiOrderReQUESE. ....cceeeeeiiiieiieee e 135127
11.29 EmapiOrderReSPONSE. . uiiiiiiiiieeeeee ettt e e e i e aaea 135327
11.2.10  EmapiPriceLevelData.........coouuuiieeeeeeeeeeee et 13527

www.tradeturquoise.com



TURQUOISE

11.2.11 EmapiPriceLevelUpdate........oooueeeeeeeeiiiiiieeeeeeeeeeeeee 135127
11.2.12 EmapiSequenceStreamReSPONSEe. ....oeeieeiiieiieeeieeeeeee 13527
11.2.13  EmapiSubscriptioNACCESSIeML. . .ceeiiieiiiiiiiiiiiiiieeei i, 136128
11.2.14 EmapiSubscriptionACCeSSPIofile..........uuuuuiiiiiiciiieiiiiiiiiciiiiiiiisiiee 136128
11215 EmMapiTiCKSIZEROW. ...ooiiieiieeeeiiieeiveeiiie e 136128
11.2.16 = EmapiTradingACCESSIEM.....uuuueiiiiiiiiiiiiiiiiieiiiiiiiiiiieieeeeeeeee e 136128
11.2.17 EmapiTradingAccesSProfile............ccuuuiiceieiiiiiiiiiiiiiiiiiiiiiiiiiiie i 136128
11218  EMAPIVIEW. ittt 137129
11219  EMAPIQUOLE...cciiiiieiiiiiiii ittt 13729
11.2.20 EmapiQuoteEventData. ........ccccuwuueuuueiiiiiiiiiiiiiiiiiiiiiiiiieeieeee e 13729
11.2.21 EmapiQuoteEventPrivateData.........oooeeeeeeeeieiiiieeeeeeee 138139
11.3  CONStANT GIrOUPS. .oiiiiiieittii ettt ettt ettt 140132
11.3.0 SUMMIAIY . ittt ettt ettt ettt ettt a et 140432
11.3.2 EmapiBroadCastFIOWS. . ...cuuueeeeeeeeeeeee et 140132
11.3.3 EmapiCapacityCOUeTYPES .uuuutiiiiiiiiiiiiieeeeaeee ettt 141133
11.3.4 EmapiDiscretionaryConditioNTYPES .....uuueeiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiisiiiieee 141433
11.35 EmapiFloWStateS. . ..ccuveeiiiiiiiiiiiiiiiiie ettt 141433
11.3.6  EmapilnstrumentACtiONTYPES ...uuvveeiiiiiiiiiiiiiiee ettt 141433
11.3.7 EmapilnstrumentidTYPES. ...ttt 142434
11.3.8  EmapilnStrumentTYPES .. .uuuueeeueiiiiiiiiiiiiiieiiiiiieiiiiiiit et eee e eees e rae i 142134
11.3.9 EmapiLogoNStatUSTYPES. ...uuueeeiiiiiiiiiiiiiiiiiisiiiiiii ettt esiiieeee e 142134
11.3.10 EmapiMassUpdateEVentTYPES. .....ccuvuueiiiiiiiiiiiiiiieiiiiiiiiiiie s 142434
11.3.11  EmapiMinimumVolumeConditionTYPeS. .......ccuuwewvereiiiiiiiiiiiiiiiiiiiiiiiiiann. 143135
11.3.12 EmapiOrderbookTransparenCyTYPES . uuuuveeiieeieeeeeeeeeeeeeee ettt 143135
11.3.13 EmapiOrderEVeNntTYPES. . uuuiieiieeieeeeeeeeeeee ettt 143135
11.3.14 EmapiOrderEventSUbTYPEeS. ......cuveeeiiiceiiiiiiiiiiiiiiieeeeeiiieeeee 143135
11.3.15 EmapiPegMarketPlaceTyPeS....cuuuiuueeeiiiiiiiiiiiiiiieeiiiiieieei i 144136
11.3.16  EmapiPriceConditioNTYPES .....uuuuueiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiaaaaeeaeeen, 144136
11.3.17 EmapiPriceLevelOperationTYPeS. ..o eeeeieiiiieeeeeeeeeea 145137
11.3.18 EmapiSnapshotSubscribeOperationSTypes........cccvvveeeieeiiiiciiiiiiieeeenee 145137
11.3.19 EmapiSourceOfEVENtTYPES ...uuveeeieieiiiiiiiiiieee sttt 145137
11.3.20 EmapiSUbTradeTyPeS. . .cuuuiiiiiiiiieeeeeeeeeeee ettt 146138
11.3.21 EmapiTradeHaltEVeNntTYPES. .. ..vveeeeiiiiiiiiiiieeieeeeeeeeeeeee ettt 146138
11.3.22 EmapiTradeHaltReaSONTYPES .. .uuuuereeeiiiiiiiiiiiiieiiiieeeeeee ettt 146138
11.3.23 EmapiTradeHaltTyPesS. . .coeeeeeeeeeeieeieeee e 147439
11324 EmapiTradeTyPeS. .ooe ettt 147439
11.3.25 EmapiValidFrOMTYPES. .ttt tieeiaeeeeeeee i ei i iaeiaaans 147439
11.3.26  EmapiValidTill TYPeS . .ceee ettt eae e 148149

www.tradeturquoise.com



TURQUOISE

.148140
149141
149141
149141

EM DIV i S DI Y Ty DS, . ettt ittt teetteee ettt st eee s teesrenseesaseesseesseenseenseenseenees

11.3.27
D04 S ATUS OO .ttt it tietteet ettt ee st eee e eee e eeestee e eee s eeatees teesseeeseeaseesseenseenteenseensees

11.4.1  EmMaDiStaiUS C OO S . i ietutiietutiteesteeesrreesseeeesteeeesteeessttessstresstereesteeesareeessrreens

11.4.2  TTS StalUS COOES. . uuuiiiruiiieuitteeutetesteeessteeessteeestseeestteesateeessreeesteeeesreeeearees

About This Document

1

AR~ A~ A L e — e A~

=

11

Introduction

=

1

==

Racic Concants

A2

===

Ovarviaw
Messaage - Tvhas

e

VreooaygtT

=

L A A A S A

21

2

‘)-

=

12

Messaaae Elows

3

21

LA e A A A A

T

12

TAX Sarvicac

4

LI AV A S A~ A~ e

=

21

Combonent Models

14
-4

LI I L A~ L A~ A~ A~ I ]
A A~ A A A~ A A A~ A e
A== A~ e g A~ A~ A~ O

Inctriumant Maodeal
Orderbook-model
Llcar Maodal

A A S A A A A L

=+

2
o=
>

24
2
33

=

A5

Tradina Membear
Haghg-vembet—rrrrr e e

o=

3.31

15

Maembar Linit

LA~ B B = A L

O

3392

Usars

TOTO

333

15

Particinant

O

334

17
18

Geanearal Points

L oain

i B

Access Riahtc

=T

A=A A e | e O

=

£
52

Sacscion Tvpas

DTOOTTTT

5.3

OE-_Order Entrn,

A T A A e )

TOT

531

20

EmaniSassion

g

534

www.tradeturquoise.com

10



TURQUOISE

21

EmaniExcaention

L= S e AN e S O

53412

Eaillirac
eSS

E4

L oaout

55

=)

o4

23

COgOUtT— ey

Suheerintions
SHRSCHPHO RS —— s

&

23

Messaae Elow.

=

61

O

23

Seauence -Stream

2

24

A A e A B =

[y

O

Ranlav Elowe

o=

6-3.1

Snanc<hot Elows

=

6.3.2

EmaniEvant

L A S e A e

T

6-3.4

289

Ranlav Methods
~epray-viethets——rrrrrrrrreee e

O

684

©

28

View Subserintions.
Wew-ostheseHptehseiriiiiiieiirmrm-ssso 57-mnniiniiii;iri-e;memmmmmmm e

o4

65

24

Order Attrihitac

Orderbook Handlina
greeeok—+—aheiig—rrriirerrrrr e

o=

71

7-

24

cancelOnl naout

5

Bunv/Sall Indicator

O == =y —

4

7112

DOy O C T OOt s s s oo s

=

71

5

Ordear Prica

5

1

=

LA~ A T

oTroTT T

26

Ordaer Ouantibv

£

T

71

orderOhs
orderOtvOnan
oraerFtYope——

e
e

www.tradeturquoise.com

11



TURQUOISE

minimumOty

36

T OTAT

7164

\aliditv Conditions

-

36

A L A A A

T

71

validErom

36

VOO TOT T s s s ersrsors

=

o=

71 71

validTill

36

A= 21 A~ I

=

o- o

7172

37

Prioritvy Chanae

8

=

43

aevantTvhea

TOT T

7311

sourceOfEvant

44

EoA~ A~ LR~ g A~ T

O E

7312

avantSiihTuna

A AR A L A S A

T O

7313

Private Ordr 1D

e

-3

44

L A~ g B 2 =

Puble Otder bt

33

Actual Price

734

AR~ a = L~ e e B A~

TOTAT

45

Tvne of orderbook
Hpe-et-eraeRBoos—r e

O O

7351

O O

73852 Drinritvy Groub

45

reLen beoepr

OO

45

oraOrderObvy

TOTOT

7361

nublicOrderOhy

TOTORE

7362

Auction Statec

AL A~ dn A= a4 w1 A~

o=

Z 51

Automateh Statac

AT AT B a e i) g ae e A

O ay =

752

51

Tradina Statac

78

52

Tradina Stata Tuyna
Haghgotate

L

781

Trada Halt

52

TTOOC T IO G s s s s sr s e v oo

O

782

www.tradeturquoise.com

12



TURQUOISE

52

faTal

Order Cancel

61

A A~ A= a4~ 8 A~ e

O T =~y

70110

Order lncsart

61
52

A L A~ A~ =~ T I

AT~

7921

7022 Orderlindate

A A A A

O~ Ay —vy =

63
63

Paaaed Ordar

DAL-—D 4
o]

7022 OrderCancel

O

9

[aVi|

Stata Transitions

O

7022 Orderlncart

L~ R e L A~ e

ottt

T~ T

704

66

oo o LAY~ A~ A B I

T O

7046 Halted-> Auction

66

T

710  Ouoting

[aw4

Ouote 1D (auoteld)

A A A

LOotCT

40
70

B

L L = O
LA ATAMY I =4 B A E= A~ 4 T

EMAPI Lihrars
EMADDIVvISOr

=

84

£

www.tradeturquoise.com

13



TURQUOISE

1

71

bloccoceliotols

==

T

1

72

e

1

EmaniSeassion

=

L A S A s A O

=

EMADPI Jaova

49

L=l A T Y B B~ A~ A A~

=

8.2

MeaessaagabDatalf

A e A S A = = e

Iy ==

821

80

Messaoge namae
MESSAge-Hat e e e e T e e e T e e e e e

e

20

Messaage tvpe
EmaniSaccion

R

EmaniSaccion

L R S A e L B

=

S22 d

=

8292

www.tradeturquoise.com

14



TURQUOISE

26

veantion

Q7

Ganaric Tvynas

=

o

Elowe

LA~ A A A=

1011

TOT L

Syummans

TOT I

101 11

91

bR

Lo

Messaages

ek
400
-100
~101
~104

L S S A A I
L R S S e A

Emanil oainRea
ERaph=-oght~<ed—rrrre e e
Emanil oainRsn
ERaph=-0gh~<Sp—rree e
Emanil oaoutRaa

EmaniMblEvant

Summarny

=x

1

11113
11114
111 15
11116

T s

1-
I

1

www.tradeturquoise.com

15



TURQUOISE

05

maniOrdaerlincertRen

=

LA A B A B L A B I S O e

00

121
A23
23
424
24
A25
2425
125

T3

EmaniRacsnonsa
ERaph<esporset—rririiierer— 7 5 i e
EmaniOrdaerhoolk

e e S e A A
L e S A N o

Emanilnctrumaentld

Emanilnstrumant
EHapH St et

EmaniEvant
EmaniMarket

Substructiras
Summary

11.1.44
2

el
o
2
L 2E
e
27

T T

1

T

1

LRSS S g A A R A A A O

www.tradeturquoise.com

16



TURQUOISE

27

maniOrderRocnaoncse

LR S B A B e S A

129
129

Emani\iew
EmaniOuota

e
20

Constant Grouns

3

1

132
132
—138

A =

Summary

1131

T O

1

E =

www.tradeturquoise.com

17



TURQUOISE

129

A = L B s A S A

Emani\/nlidEran\lnoc

2 0E

L
141

o a3

TTS-Status Codes

Statiie Codes

=

A2

T

11

www.tradeturquoise.com

18



TURQUOISE

1. About This Document

1.1 Introduction

TheExternal Message Application Programming Interface (EMAPI) is a proppestagol providing
optimised access to th&urquoiseTrading System (TTS. EMAPprovides the mechanism taccess
all of the tradingandinformation servicesavailable withirthe TTS

This documenprovidesa conceptual overview ahe EMAP protocol, andtechnical guidancen
implementing a peeto-peer connectiorwith the TTS. It covers implementation of tB&APIn
both the C++ and Java programming languages.
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2. Basic Concepts
2.1 Overview

This sectiorprovidesan architectural overview of th€TS9ncludingthe API, Message Types,
Message Flows and TAX Services.

2.1.1 API (Application Programming Interface)
The API is a message based interface encapsulating the session handling and transport of message
objects. This tool enables applications to interadth the TTSusing a software library of methods.

All interactions between applications and thd@Sake place over TCP/IP transport.

2.1.2 Message Types
As defined by the ARthere arethree messagaypes

¢ Requesmessagessent from the application to th& TS.e.g.EmapiLoginReq

¢ Responsenessagessent from theT TSo the application, responding to a previously
received request message.g.EmapiLoginRsp

¢ Unsolicitedoroadcastmessagessent from theT TSo the applicatione.g.
EmapiPublicTradeEvent

2.1.3 Message-lows

TheTT3ncludesa publish/subscribe service. To receive unsolicited broadcast messages
subscriptionmust besetupin the EMAPIspecifyinghe information the clieat wants to receive.

Unsolicited broadcast messages from ffi€Sare broadcast to clients on different logickiws
including:

e Publicorderbook changes

e Privateorderbook changes

e Private trade events

e L1, topof-book price updates

2.1.4 TAXServices

To interact with the backend of thETSa connection needs to be made to a participant access
gateway (TAX) server. The TAX seaots asan intermediay message router between the
TurquoiseMatchingEngine and theEMAPI implementatioralsoproviding valation checks on the
EMAPI request and response messages.

TheTTSrovidesthree different types of TAX services.

www.tradeturquoise.com
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e TAXMDF:provides a market data feed service. Applications connected to aVMI}¥Xserver
are able to
o0 Query reference data.
0 Subscribe tgublic orders, and trade events.
o Noreplay functionality

e TAXOE:providesan order entry serviceApplications connected to a TAEare able to
0 Query reference data
o Insert, update and cancel orders
0 Subscribe to private order updates and trades
o Noreplay functionality

e TAXREPLAYrovidesamethod to replay missed or lost messages. Applications connected

to a TAXREPLAY are able to:
0 Replayprivate orders, public orders, and trade events.

NB: In Production, each service is undertaken on one or more givlglservers Thisneansyou

will need to connect to apecificserver (a different target IP) faach session you havée. for an
OE session you should connect to a-D%X for MDIEE TAXMDF and for Replay TAXReplay.

Within each role, for load balancing purposes, ganbe required to connect to one or more single
role servers as well. E.g. for OE you may needtmect to TA>XOEa and TARED.

Turguoise Trading System

.
S JIh IS

FigureError! Bookmark not defined.Clients connecting to th€TSvia the TAX server

—

=

lﬁ‘ ¥
Wt
—>
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3. Component Models

3.1 Instrument Model

The market information in th& T3s structured acording to thefollowing model:

Market
1

y N

View
1

N
n 1
Instrument Sequence
Stream
1
| n

1
Orderbook n Orderbook
Rule Group

|Figure;2: Instrument Model, in which each connection defines-#- mapping, where n is an integ
greater than or equal to 1.

il

One or more marketsare defined with inthe TTS:

e For eachmarketthere are one or mor@iewsdefined. A view is a logical group of instruments,
e.g. instruments in indices, or instruments in an industry segment.

e For eachmarketandview there are one or morénstruments.

e For eachinstrumentthere are one or mor@rderbooks More than one orddsook would be
needed for example when the equity is traded in two different currencies.

e Each orddpook is associated with asrderbook rule group An ordebook rule group defines
the trading rules and trading parameters, swhlot sizes and tick size tables.

e Asequence streanis a group of orddrooks grouped together for information and distribution
purposes. The grouping is completely independent of the organizational grouping in market and
view.

3.2 Orderbookmodel

Each ordepook is uniquely identified bgn orderbook 1D This ID must be used to identify the
traded instrument when submitting any order actions to the System.

The orderbook IDPnaybe retrieved through the EMAPI cathapiQryinstrumentsReq producingthe
associated respongamnapiQryinstrumentsRsp .

An orderbook may have a different transparency in different trading states. For instance, it is
possible to configure the system to supply the order depth publicly during continuous trading, but
not during @ening.

www.tradeturquoise.com
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NB: you should never use the Orderbook ID for storage of Order relateqldadgger than a day)
upstream ofthe EMAPI Always use the Instrument / Currency combination. It is possible that
hNRSNDH 221 L5 aarnidghtedyfiti®s pddiiel that&erbook ID 123dould equal
Vodafone / EUR on one day and then eddilVW / GBRhe nextg though in practice this is unlikely
to change that often). This means that you should download the full list of instruments every
Y2NYAy3 (2 SyadNB AyiSaNraGe 6Sis6SSy (GKS ¢¢{
the tradingday.

3.3 User Model

This section provides an overviewtbé user model provided by th&€TSn terms ofParticipants,
Trading Members,MemberUnits andUsers.

3.3.1 Trading Member

A Trading member is the highest level of authorisation within the user model. An caganis
trading on Turquoiswvill typicallyonly have one Trading Member

3.3.2 Member Unit

Member Units belong to a Trading Member. Trading Member can have multiple MemberAlhits.
normal Users should be a member of a Member Unit.

3.3.3 Users

Both a Member Unit and Trading Member can have Users and super users. Normal Users can only
interactwith orders they have enteredyut they canalsoviewthose of the other users within their
Member Unitwhen subscribing to private flow.

A Super User within a member unit cateract with orders placedbr all userswithin that same
Member Unit.

A Super User within a Trading Member can act upon orders placed by all Member Units associated
with the Trading MembeMWhilstaMemberUnit must have at least one UsexrSuperUser is
optional.

A user connecting to a TAXeplay session will be able to replay all eventafiothe users ofthe
Member Unit that the user is a member of.

3.3.4 Participant

Both a Trading Member and a Member Unit agéerred to asParticipants Users a& associated
with a Participant whether this be a Trading Member ddember Unit User access is determined
by the access granted to the participant together with the role and market views granted to the
user.

www.tradeturquoise.com
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Trading
Member

Member Super User
Unit

n

1
NOTE: A Super Udeypasses all permission

A 4 checks. This level of access is able to mod
orders and configuration atll levels of
hierarchy at and beneath the specified levd

User

Figure 3: User Model

3.3.5 Users inUpdate Events

Broadcastegrivate orderbook and trade events contain:

e User The User responsible for the message.

e Acting User The User who entered the message, usually the same as the User field. However, if
the action was taken by Market Operations at the Marketplacdyy a Super User acting on

behalf of another usetthen this field will contain the ID of thegser thatperformed the action,
i.e. the logged in user.

e Member: the TradingMember or Member Unit to which the User belongs.

e Trading Member The Trading Member to which the Member Unit belongs.

e ClearingMember: The Executing Broker in ECCP (the clearing corp oration) that will clear any
execution deriving from this order.

www.tradeturquoise.com
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4. Access Rights

For each user, there is an access configuratomtrolled by the Turquoise Market Operations
team),which defines the market data the usesinsubscribe to and the instrunmés in which the
user can trade, if any. The access data for a user is structured according to the following model.

User [ 7 Member

n , n

vl i
o]
1 1
v vn

TAP Entry SAP Entry

TAP: Trading AcceBsofile

SAP: Subscription Accdaofile

Figure 4: Access Rights

A user is associated withTrading Access Profdada Subscription Access Profil@hese are

inherited from the Member if not defined specifically for the us&he profiles define what access
the user has to differengystem functionsorder entry and Market Data Feed (MDF), as well as what
subsets of the market the user has access to.

4.1 Trading Access Profile

ATrading Access Profile (TAIfines the set of instiments one or more users may trade. A TAP
may have more than one TAP entry, which will have a reference to a view.

Each user is assigned to a Role. The Role defines the teadiogsthe user may perform on the
views allocated to the user via the TragiAccess Profile.

4.2 Subscription Access Profile

A Subscription Access Profi@APR defineswhichinformation one or more members/participants can
subscribe to. SAP like TAP can have one or more entries.

Note: an application can requestisplay of d.J- NI A Odzf I NJ dzasSowigdredin®S aa NA I K
TTSThis information can be obtained using the request messag®iQryAccessinfoReq once the
EMAPI sessiois connected.
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5. Session Handling

The application must establishsassiorwith an access poirtb the TTSo interact with the system.
Without completing a successful logon no accessawdilableto any data or service.

5.1 Login

Login involves establishing a connection to an allocated access point (TAX) by cadiingethe
method of theEmapiSession object Once the connection is established, the application should
perform a logon by sending @mapiLogonReq After a successful logornsassions establishedA
logon must be proformed to access each of the three session typeder Enty, Market Data Feed
and Replay.

5.2 General Points

When logging on (i.e. sendimgapiLogonReq to the TTShe application has to provide a
user/password. This username and password is provided by Turquadisiegon request is rejected
when the maximum nurdper of concurrentsessiongone) has been reached for that username

You will need to contadhe Turquoise Market Operations team to have the login reset to enable
further loginsshould you be unable to connect (indicative of not having logged out prpfrerh
the last session).

Whilst live, the EMAPI should be configured to send heartbeat reqasitsdicatedin the section
EmapiloginRsp) to the TAX server® enable the TTS tmonitor session statuskailing to set

heabeatswill lead the TAX server to believe that the session is broked it willbe disconnectd

(even midway through data communicatiorhleartbeating also gives the EMAPI the status of the

TAX server. l.e. if there are no responses to the heartbeat requests, the EMAPI will know to failover
to another TAX server.

The most effective way of implementing hearbeating, is for it to take ptaosistentlywithin its

own thread. NB: heartbeating must take place at the intervals specifegghrdless of any other
message activity that is already happenirigormal data flow activity does not replace heartbeating.
They must run concurrently.

5.3 Session Types

In the TTS there athiree domains of access points, one facilitating order erne facilitating
market data disseminatioand anotherfor accesgo the replay service.

www.tradeturquoise.com

.
26



TURQUOISE

Turquoise Trading System

T ITA}{ Replay Damain T
TAX TAX
Replay Replay
TAX Order TAX Market Data

T
SP B3

TAX TAX TAX TAX TAX TAX
OE OE OE MDF MOF MDF

B B3 IN
I3 3D 3D 33 I3 I3

5.3.1 OE: Order Entry

In this session typehe application may perform order entgnd managementunctionsand receive
private order status and trade executiotsck

5.3.2 MDF: Market Data Feed

A market data feed access point allows users to subscribe to public market data, as well as to receive
order status and trade execution updates.

5.3.3 Replay: Replay and/or Recovery

The replay session is physically and logically separated fro@rttex Entry and MDF sessions. This
is done for performance and isolation reaspasd allows the applicatioto recover from previous
events that caused a break in the data flow from TAX to EMAPI.
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Turguoise Trading System

TAX Replay Domain

TAX TAX
Replay Replay

SP I
SH I

5.3.4 BmapiSession

TheEmapiSession class encapsulates and manages a session td Tise

TheEmapiSession constructor creates an instance of BmapiSession . Whencreating an instance
the application should register callback methods for receiving calfhwalich includes error events
that have occurred on a session/transport level and unsolicited updates being published ByShe

The following section describesethods of theEmapiSession class

5.3.4.1 EmapiSession.connect

Theconnect method establishes a connection with tAi@ S A connection must be established before
the application can send any requests. The first request to be sent must bh@aamoginReq in
orderto set up an authorized session.

5.3.4.2 EmapiSession.transceive

The transceivenethod will allow the application to submit requasind receive the corresponding
response.

5.3.4.3 EmapiSession.addSubscription

The methodaddSubscription  is called when the application subscribes to unsolicited updates
published by th&' TS

5.3.4.4 EmapiSession.addViewSubscription

Similar toaddsubscription  the methodaddviewSubscription  is called when the application requests
to subscribe to unsolicited updat@siblished by thel' TS Additionally this method allows an
application to subscribe to a complete view.
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5.3.4.5 EmapiSessionnsubscribe

Theunsubscribe method will remove a previously activated subscription. The response message,
EmapiAddSubscription Rspand EmapiAddViewSubscriptionRsp  are returned when calling the
unsubscribe method containing a subscription handle. Calling the methadbscribe with the
subscription handle will remove the subscription identified by the handle.

5.3.4.6 EmapiSession.replay

The methodeplay isusedto receive recovered previous events for a replay flow. The response will
indicate if the request is successfully processed or not. The actual replay data is delivered unsolicited
through the event callback method specified.

5.3.4.7 EmapiSession.messageToString

The methodnessageToString Will transform a message to a printable string. The method is a
convenience method. This can be used if there is a need for logging or displaying messages in a
readable format

5.3.4.8 EmapiSessiotoString

ThetoString method returns information about the session for informational purposes.

5.3.4.9 EmapiSession.close

Theclose method will terminate the connection to th&€TS if established. The close is a hard
termination of the connection to th&@ TSIf an appliation has a connection and is logged in, it is
strongly recommended to send a logout before closing down the connection.

5.3.4.10 EmapiEventCallback

TheEmapiEventCallback is a callback interface through which clients receive unsolicited messages
from the TTS

Theinterface defines a single methoglessageReceived, which will be invoked upon message
delivery.

5.3.4.11 EmapiErrorCallback

TheEmapiErrorCallback is a callback interface through which client applications receive error
notifications. The interface defines a gla methodonError , which is invoked when an error has
occurred on a transport or session level.

5.3.4.12 EmapiException

TheEmapiException is the checked exception thatgeneratedwhen an EMAPI call results in an
error. For examplgan EmapiException containing an error status will bgeneratedif the connect call
fails.
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5.4 Failures

If the socket connection is dropped from the TAX servers, or the heartbeats that are being checked
by TTS time out (this event is indicative of communication lines being up b&EMAd1 not
functioning correctly), then the following actions are taken by the system:

All subscriptions are lost and would need to bestblished.

All orders that hav&ancel on logou®et on them will be cancelled automatically.

Order requests that have been sent but no order response has yet been rezaiNEresent with
the possDup flag set.

You would therhaveto reconnect and resubscribe. You may also then need to replay based on
sequence stream numbers as describethi;n Replay Methods section tfis document. This would
ensure that TTS and the EMAPI are in sync.

5.5 Logout

At the end of a connection session, it is important to logout in a controlled fashion rather than
terminating a session directly by e.g. shuttingwiothe EMAPI or breaking the communication line.
This can lead to issues with logging in the next time the log in is attempted, as the previously
connected session can be left in a corrupted state.

It is recommended tallow approximately 3 secondssedera 2 ¥ Waf SSLIQ GAYS 06SigS
login. During this time, the TAX server is able to complete its housekeeping / resetting activity from
the last session. Logging back in before that time may not be successful.
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6. Subscriptions

TheTTSrovidesa publish/subscribe mechanism. For an application to receive any unsolicited
updates from theT TS the application is required to set up one or more subscriptions.

Subscriptions are dynamic: an application can add and remove subscriptions while running.
If a subscription is added twice, all events are received twice.

When configuring a subscription, the application is required to specifgtfagiaddSubscriptionReq
(or EmapiAddViewSubscriptionReq) ~ message when calling th@dSubscription  method with the
following fields:

e Flow: specifies the logical information stream of a certain type

e SequenceStream: group of instruments

e Function : the initial values and/or future updates that are required to be retrieved

e OrderbookFilter :the list of orderbooksequired The orderbooks listeshustbelong to the
sequence stream specifidthis can be null to indicate all orderbooks in the sequenceStjeam

6.1 Message Flow

A message flow is a logical stream of certain types of messagesTHwevides the following
messagelows:

Message Flow Scope Snapshot| Replay Type of Events
Public Orderbook public Yes Yes Order, trading state change events.
Public Trade public No Yes Public view of trade events.
Private Orderbook private Yes Yes angt.e views of orders forgarticular
participant.
Private Trade private No Yes Private Trade events for the trade participal
member.
. Price bid/ask price level, volume aggregate
Market By Level (L1)| public es No Auction EventsTrading state changes event
. . Tick size tables, currencies andhet
Trading Rules global(public) | Yes No reference data by the ordéook rule group.
System Events global(public) | Yes No News and other general systelevel

information for all members.
Systenservices availability and status. The
System Status global(public) | Yes No status is maintained by the sequence streal
and message flow.

Note:! £ f Ff26a FNB G3Idz2 NI yiSSRE Ft26a o0arayoSs
messagesire always guaranteed to be delivered in sequence. Hence, messages will always al
the correct order without duplicates or loss of information.

6.2 Sequence Stream

All instruments in th& TSelong to a sequence stream and any given sequence stream can contain
one or more instruments. THET Smaintains its replay logs (which can also be used for recovery) on
a per sequence stream basis. Therefore, the sequence stream scoped sequence numbers a
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required for replay purposes. Sequence numbers for each sequence stmesgment butmay not
be consecutive.

TheTTSwill distribute and maintain market data véasequencetream. By specifying the sequence
stream in subscription requests, the applion specifies the group of instruments for the
subscription. The application may not have access to all instruments within a sequence stream, or
may notrequireall instruments within the stream. Therefore, the application should only specify
instrumentsthat the user has access to and is interested in. The subscription management API
(addSubscription , addViewSubscription — andreplay methods) allows an ordépok filter to be

specified; therebyllowing granulafiltering of information on a per orderbookvel.

6.3 Subscription Function

Whena user application requests a subscription, the application can specify if the current values
should be retrieved and/or if subscription for future updates are required. The two types of
subscription functions are:

e SUBSRIPTION activate subscription for future updates.
e SNAPSHOT_SUBSCRIBEtrieve current values and subscription for future updates.

Flow Type SUBSCRIPTION SNAPSHOT_SUBSCRIBE
Snapshot Flows YES YES
Replay Flows YES NO

6.3.1 Replay Flows

For replay flows, the application can only activate a subscription where the application receives
future update. The application is recommended to maintain a state of its sequiérmeapplication
restarts it should request a replay from the latest knosaguencenumbrfor the flow and sequence
stream.

6.3.2  Snapshot Flows

For snapshot flows, the applicati@houldrequestSNAPSHOT_SUBSCRIHEe application wilthen
receivecurrent active valueandfuture updates to the current view.

6.3.3  Business Sequence Nibers

If a client application is required to detect gaps in events, it will require the sequence numbers to be
present in a consecutive manner. The sequence numbers for the sequence stream cannot be used
since it may not be consecutive. In order to providgap detection capability, an additional

sequence numbetthe business sequence number, is predargvents delivered.

The business sequenoembers havehe following characteristics:

e The series are consecutive and strictly increasing.

e Sequenceumbers only persist for the day and start at 1 at the start of the day.

e ¢KS aS1jdzSyOS ydzyoSNJ a1 S&¢ ARSYGAFTASa GKS
e Forpublicflows, the sequence is keyed pitow + orderbook

e Forprivate (own) flowsthe sequence is keyed p#ow + member+ orderbook

Q)¢
(o))
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e Forglobal(non orderbook related) flows, the sequence is keyedfiusy.

All business events delivered to the client application contain a business sequence number key
(businessSequenceStream ). Thekey is a composed identifier of the key fields and uniquely identifies
the business series for which the business sequence is for.

Exampleof businessSequen&reamnumbers

The orderbooks AJA2and A3 belong to the sequence stream S1. The orderbookBBdndB3
belong to the sequence stream S2. In the trading system the books are updated as follows for a
given flow:

A2 seqno=1
B2 seqno=1
Al segno =2
Al segno =3
A2 segqno =4
B1 segno =2
A3 seqno=5
B3 seqno =3
Bl seqno =4

An application sulisibing to the orderbooks Al and Bdceives the following updates:

Al seqno =2
Al seqno=3
Bl seqno =2
Blsegno=4

\ Note: The number used for synchronisation is always the sequence stream.

6.3.4 EmapiEvent

All event messages delivered on replayable flows have the struetbagiEvent as their base class.
TheEmapitvent class holds sequengelated information in four fields:

e sequenceStream: A sequence stream identifier mapped to the orderbook for the evienon
orderbook related events, e.g. global system events, this field is not populated.

e sequenceNumber. The sequence number for the event within the sequence stream.

e businessSequenceNumber: The business sequence number.

e businessSequenceStream : The key fothe businessSequenceNumber.

6.3.5 Initial Response (Snapshot) Events

When setting up a subscription for a snapshot (current) values and future updates, the current value
responses are delivered in an unsolicited manner to the application through the esaené callback
method as future updates. The subscription response returned to the application only contains the
status of the request.

The applicatioframesresponses so that applications can distinguish between unsolicited current
value responses andlwer unsolicited updates. The message sequence when configuring a
subscription is as follows:
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Menber Tur quoi se

| Subscri ption Request |

Subscri pti on Response

Emapi Qurrent Val ueSt ar t Event [

Response_Data (Data = X)

Response_Data (Data = X)

Response_Data (Data =)

Response_Data (Data =)

Response_Data (Data =)

Enmapi Qurr ent Val ueEndEvent

Unsolicited Update (Data =) I

Unsolicited Update (Data = X)

Unsolicited Update (Data = X)

In the EMAPI event callback method, the parameter callback type indicates if the message callback is
for a current value responsar an unsolicited update.

When setting up a subscription, the solicited (synchronous) resp@aseifddSubscriptionRsp  Or
EmapiAddViewSubscriptionRsp ) is guaranteed to be delivered before any unsolicited updates are
delivered for the subscription data.

6.3.6  Unsolicited Flow Interleaving

Three types of unsolicited events are delivered via the event callback interface:

e Broadcasts: The result of data being updated in the trading system.

e SnapshoCurrent Values: When the client requests a subscription witimigial snapshot of
active data (i.eSNAPSHOBUBSCRBE), the current values are delivered through the event callback
interface.

o Replay Data: This is passed back through the callback interface when the client application
requests a replay.

The three typs of events above can take place simultaneously:

e TheTT&an publish updates to the client at the same time as the user performs a replay, and/or
requests a new subscription with an initial snapshot.

e The user can perform concurrent replay and/or requesea subscription with an initial
snapshot concurrently.

The trading system can interleave the delivery of unsolicited data with the client application. When
configuring a subscription, the user application is requicedrovide a user object containing
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enough information identifying the request. The user object is passed back to the client event as a
parameter to the callback routine together with the unsolicited data and type of event. The client
application should use the user object to identify theesim of data.

Menber Tur quoi se

| Emapi AddSubscri pti onReq (user - obj ect =2) $- 12) |

Emapi AddSubscri pti onRsp

Emapi Repl ayReq (user - obj ect =2) $- 22)

Emapi Repl ayRsp

Enapi Repl ayReq (user - obj ect =2) $- 22)

Enapi Repl ayRsp

Emapi Repl ayReq (user - obj ect =e) $- 32)

Enmapi Repl ayRsp

Emapi Qurrent Val ueSt art Event (user - obj ect =2) $- 12)

Dat a Payl oad (user-obj ect =2) $- 12)

Emapi Repl aySt art Event (user - obj ect =2) $- 22)

Emapi Repl aySt art Event (user - obj ect =2) $- 32)

Dat a Payl oad (user-obj ect =2) $- 12)

Dat a Payl oad (user - obj ect =2) $- 32)

Dat a Payl oad (user - obj ect =2) $- 22)

Dat a Payl oad (user - obj ect =2) $- 22)

Enmapi Qurr ent Val ueEndEvent (user - obj ect =2) $- 12)

Dat a Payl oad (user - obj ect =2) $- 22)

Bdx Update (user-obj ect=2)$- 12)

Dat a Payl oad (user - obj ect =2) $- 32)

Enapi Repl ayEndEvent (user - obj ect =2) $- 32)

Bdx Update (user-object=2)$-1e)

Enmapi Repl ayEndEvent  (user - obj ect =2) $- 22)
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6.4 Replay Methods

Some of the flows in th@ TSarereplayflows. For these flows a trading application can request the
replay of previous events. Two examples of replay flowgae_trade_events  and
private_order_events

When configuring a subscription for a replay flow, no current values will be deliveredyastly

updates. To ascertain where to replay from after the interruption of a flow, the application has to
keep track of the last received ssence number for each connected sequence stream and flow
combination. If the last received sequence number is unknown, 0 should be used at replay to make
sure that nothing is lost.

The application calls the replay method to request the replay of eanients.
When requesting a replay the application is required to specifyethapiReplayReq message. In the
request the application should specify

e SequenceStream: logical group of instruments

¢ Flow: specifies the Message Flowhe flow is required to be a@f replay type.

e OrderbookFilter : the list oforderbooksrequiredwithin the sequence streartthis can be null to
indicate all orderbooks in the sequenceStream)

e SequenceNumbet the last sequence number that the application received for the instrument
group,i.e. sequence stream

Example
la4dzyS GKIFG GKS FLILX AOFGA2Y Aada AyldSNGAIYR A&y LINR
0Sft2y3a G2 GKS &aSljdsSyO0S aidNBlFyY a{¢yY

In a previous session the application has received the tradés:up

Sequence number = 32 for X
Sequence number = 11 for Y
No trade for Z

When configuring a subscription fpiivate_trade_events  the current values returned that are
associated with the subscription request are

Sequence number =36 for 2Se

For the application to regain s8ing trades, the application should call the replay method and
specify the following data in themapiReplayReq;

3ANOAT AA3BOOAAT " 23
Flow = private_trade_events
| OAAOAT T E&EI OAO » 282 292 2: @

SequenceNumber = 32

LEf LINKROFGS (&) RIVBBSREXK F2 MISEHdSYOS ydzYo SNI KA TK:

6.5 View Subscriptions

The EMAPI library provides two routines for subscribing to data fron Ti#addSubscripton and
addViewSubscription

www.tradeturquoise.com

.
36



TURQUOISE

Theaddsubscription method allows an application to ssbribe to an instrument within a sequence
stream while the methodddViewSubscription ~ allows the application to subscribe to instruments
within a complete view.

Instruments in a view may belong to multiple sequence streamsaddwewSubscription method is

a convenience method that breaks up a view subscription into multiple requests, one per sequence
stream, when the instruments in the view belong to multiple sequence streams.

The response message returned foraanviewSubscription  call reflects the status of the multiple
requests completed internally in the EMAPI protocol. Note thaddatviewSsubscription  request

may fail partly, i.e. a request for one sequence stream could fail.

In some cases, thaidviewSubscription  should retun a current value snapshot of the data
requested. The information is delivered back to the application unsolicited via the callback event
routine specified by the application. Since taglviewSubscription ~may result in multiple requests,
multiple snapshbresponses may be delivered to the application.

The response message for éfilviewSubscription  (EmapiAddViewSubscriptionRsp ) will return what
sequence streams requests were done for.

Assume arddViewSubscription  request results in three sequence streaequests (1, 2, 3). The
response message€rpapiAddVviewSubscriptionRsp ) will indicate that three requests were activated.

The corresponding snapshots responses are delivered unsolicited via the eventCallback routine
framed withEmapiCurrentValueStar t Event and EmapiCurrentValueEndEvent messages.

The diagram below depicts the sequence of events that occur when View based subscriptions is
configured. It should be noted that the start and end events, along with the data events for any of
the sequence streams nde sent to the client first and the ordering is only guaranteed within a
given sequence stream.
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dient

Enapi AddSubsTri ptionReq

Enapi AddSubs#ri pti onRsp

TAX Server
1
Add Subscription
Seq Stream 1
o This is performed
> Add Subscription for all streams that
Seq Stream 2 the securities in

1
Emapi Qurrent Val ueStart Event (Seq Stream 1)

Dat a Payl oad (:*;eq Stream 1)

Emapi Qurrent Val ueEndE\lent (Seq Stream1)

|
Emapi Qurrent Val ueSt art Event (Seq Stream 2)

I
Dat a Payl oad (Seq Stream 2)

I
Emapi Qurrent Val ueEndEvent  (Seq Stream 2)

|
Emapi Qurrent Val ueStart Event (Seq Stream 3)

|
Data Payl oad (Seq Stream 3)

I
Emapi Qurrent Val ueEndEvent  (Seq Stream 3)

6.6

the view belong to

> Add Subscription
Seq Stream 3

This is performed
for all streams that
the securities in the
view belong to

Message ordering
is only guaranteed
within each
sequence stream

Typical Stadup and Recovery Scenarios

This section provides an overview of stagand recovenproceduresncluding replayscenarios

6.6.1

Common Starup Tasks

Below are common stawip tasks that a client woulperform:

e Create arEmapiSession and callthe connect method of th&mapiSession message using the
appropriate entry for the session tyand IP address.
¢ Create arEmapiLoginReq With a valid username/passwoihdsend it to theTTSvia the

transceive

method of theEmapiSession message. If no errors occur, a session is established.

e Build up the view and instrument structure, which consists of the following steps:
a. Crede anEmapiQryMarketReq and send it to thel TS TheEmapiQryMarketRsp will contain

b.

all available markets.
Select the market of interest and create amapiQryVviewReqwith the market ID found
from the EmapiQryMarketRsp in order to obtain the views definedif that market. Send
the request to thelT TS
Select the view of interest and create BimapiQrylnstrumentsReq With both the market
and the view identifiers as parameters and send it to TH& The response will contain
all of the instruments defined in thselected view. Steps a andraybe skipped if the
market and view identifiers are known prior to the login.
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e Group the instruments according to their assigned sequence stream. The reference data queries
above are supported oall TAX gateways and sessiypes. This implies that any TAX gateway
can be used to determine the groupings of instruments into sequence streams.

6.6.2 Recovery Scenarios

The client sessiomaybe terminated during the trading day for various reasons, such as connection
problems, servecrashes or intentional termination. If the session is to be continued on the same
day, the client must be able to recover to a consistent state via querying the server for the current
state of the system (where applicable) and replaying the set of anylinited events that may have
been missed during the client downtime. Once the clientdyaghronisedit can continue

processing messages received from TS Dependingiponthe type of information, one or both of
the above recovery mechanisms are aafalié.

Recovering data from Snapshot Flows
As mentioned above, different flows have different recovery requirements. For flows that contain
snapshots of data, like theBL_L1_FLOwWhere are no replay requirements. The data contaimetthin
aflow is pathindependent and only the current value (snapshot) of the system is of interest. Any
flow that supports snapshots can be recovered in this manRecoveringlata from Snapshot
Flows:
o Complete the startip sequence outlined in sectig@ommon Starup Tasks
e Perform thefollowing for each sequence stream and flow:
a) Create/Select th&mapiSession that is connected to the TAX gateway that supports the
Replay session type for required sequence streams.
b) Call the addSubscription method of theEmapiAddSubscriptionReq message using function
SNAPSHOBUBSCRE
c) If the response has been defined correctlysnapshot of the current and newessages will
be received via the callback function registered whengapisession was created.
TheEmapiAddSubscriptionRsp  contairs a handle to the subscription thad required tobe used when
unsubscribing. First, the current value messages of the snapshot will be received in order. Different
instrument messages may be intenesl, howeverthe ordering of messages within a sequence
stream is guaranteedlheEmapiCurrentValueEndEvent andEmapiCurrentValueEndEvent message
will frame the current value messages. Rémle updates will also be received via the callback
function whenall the current value messages are delivered.

6.6.3 Replayable Flows

Some flows require that the complete flow of events have to be maintained. These flows are
required to be replayable. Examples @@BLIC_TRADE_FLG@NdPRIVATE_ORDERBOOK_Fchanges.

The recovery of replayable flows is more complex than snapshot flows. Also, the client appigation
requiredto keep track of the last received sequence number (logical timestamp) for each sequence
stream and flow.

A typical scenario is as fols (ste 1 to 4 areidentical tosubscribing to anapshot):

1. Create arEmapiSession and call the connect method
2. Create arEmapiLoginReq With a username & passwom@hdsendit to the TTSvia the

transceive method of theEmapiSession message.

A sessions establishedf no errors occur
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3. Build up the view and instrument structure, which consists of the following steps:

a. Qeate anEmapiQryMarketReq and send it to thel' TS TheEmapiQryMarketRsp will contain

b.

all available markets.

Select the market of intest and create aEmapiQryViewReqwith the marketlD from the
EmapiQryMarketRsp in orderto obtainthe views defined for that market. Send the
request to theTTS

Select the view of interest and create amapiQrylnstrumentsReq Wwith both the market
and the view identifiers as parameters and send it to TH&S The response will contain
all of the instruments defined in the selected view. Steps a amdpbe omitted if the
market and view identifiers are known prior to the login

4. Group the instruments according to their assigned sequence stream.

5. Performthe following for each sequence stream and flow:

Select theEmapiSession that is connected to the TAX gateway (or create a new one) that
handles that sequence stream and supgdhe Replay session type.

On the selecte@&mapiSession, callthe addSubscription methodusing the
EmapiAddSubscriptionReq messagevith function SUBSCRIPTION.

If the response is OK, you will receive rig@le updates via the callback function. The
type is UPDATE.

If the client application requires that the messages in the flow must be processed in
strict order, all messages received via the callback that is of type UPDATE must be held
back until the gap is filled.

Fill the gap between the last received sequence number (maintained by the client
application) and the current state by calling tleplay method of the EmapiSession
messageAll replay messages are received via the callback function but the type is
REPLAY.

The replay service is performed by the TAX gateway supporting the replay type of
SESSION. The next step is thus to seleetmapiSession that is connected to the TAX
gateway that handles the sequence stream and supports replay SESSION.

On the selecte@mapiSession , callreplay using the messagemapiReplayReqand supply

the sequence number to start replay from. Note that if the number of events to be
replayed is very large, it might be necessary to issue mukipl®y requests for the

same flow. The flg that defines if anotheeplay is necessary is returned in the
EmapiReplayEndEvent.

If the responsénas been correctly definedeplay updates via the callback function of
type REPLAWIll be received

Note: client applicationsnay receive new unsolicited UPDATE messages on the flow
whilst performing the replay (which also are delivered unsolicited via the callback). This
implies that the application may receive duplicates because the replay messages may
already have been delived to the application. Note that there may be duplicates that
have to bediscarded

Exampleof a duplicate message scenario

e Configure a subscription, receiving:

200 solicited Update
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e Configure areplay from 180 (the last observed sequence number):

1000

1000

Unsoli cited Update
203 Unsolicited Update
220 Unsolicited Update

EmapiReplayStartEvent
182 REPLAY

183 REPLAY

185 REPLAY

190 REPLAY

195 REPLAY

228 Unsolicited Update
199 REPLAY

200 REPLAY

REPLAY
EmapiReplayEndEvent
233 Unsolicited Update

When applying theipdate messages, 200 and 202 are duplicates and will be discarded.

In case multiple replay requests are issued in parallel, they are treated as separate request. The
replay responses may interleave and overlap. If being for the same flow and logicahsegteam
duplicates will be delivered in case the requests overlap. If an application calls a replay with
sequence 1 and the last sequence number in the server is 100, the replay statgslowingback

to the client. During the sequence the clientlsahe replay again with sequence 25. The server will
treat the requests as two separate ones. The first will replayl0@ythe second will replay 25 to

100. The responses may interleave with each other. The application should userthigect being
passed to the replay method and also be passed in the event callback method to relate the callback
data to its originating request.
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1. Orderbook Handling
7.1 Order Attributes

This chapter describes the different attributes that may be specified for an ardeding
information on how order types map to the different characteristicslso includes description of
how resulting private order events published by the Matching Engine.

7.1.1  Transaction Semantics
7.1.1.1 possDupg Possible Duplicate

If the connection between a client and the Systerostor times out while an order action is
outstanding, the clientnaynot know whether the order actiowas received bthe System and was
processed, or was rejected or lost.

The client can remedy this two ways:

¢ Resynchronize the view of the order book with the System and thereby find out the state of
the order action.
¢ Resend the order action with th@ssbup flag set.

The System will then check if the order is a duplicate. Since this increases the latency, a client shall
only use theossbup flag when there has been an interruption of service.

7.1.1.2 cancelOnLogout

If the connectiorbetween a User and th€T9s disconnectedleither because of a planned logout or
an interruption, this flag specifies whether the orddrould beremoved from theT TSor not. If the
order was entered on behalf of a user by an Acting User and this flag is set, the order will be
removed when the Atng User is disconnected.

7.1.2  User and Participant Information

7.1.2.1 Userand Participant Identification

The party owning an order is defined by the following fields present on orders and trades:
e User¢ the user responsible for the order

e Acting Usecr, the user whoentered the order for the user

¢ Memberg the Participant Member that the User belongs to

¢ Trading Member, the Trading Member that the Participant trades through.

¢ Clearing Membec the Clearing Member that the Participant clears through.

7.1.3 Orderldentification

This private order ID needs to be supplied to Order Update and Order Cancel.

In addition, there are a number of fields that can be used by the client to identify their order, and/or
the owner of the order. These fields are not interpretedthg TTS but are passed through to

resulting broadcasts, thereby allowing the client to reference to public order messages back on their
own order copies.

The fields are:
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e orderRef ¢included in resulting Private Order book Event messages, but not in Private Trade
Event messageqThis field is truncated to 16 characters in length when sent to EuroCCP for
Clearing / Settlement. TheadelDwould provide the common identifier betves the EuroCCP
messages and the trade in Turquoise.)

e messageRef¢ included in resulting Private Order book Event messages and resulting Private
Trade Event messageéThis field is truncated to 16 characters in length when sent to EuroCCP
for Clearing / 8ttlement. ThetradelDwould provide the common identifier between the
EuroCCP messages and the trade in Turquoise.)

e infoText ¢ included in resulting Private Order book Event messages and resulting Private Trade
Event messages.

e account ¢included in resuing Private Order book Event messages and resulting Private Trade
Event messages.

7.1.4  Buy/Sell Indicator

TheisBid flag indicates whether the order is a Buy or a Sell order.

7.1.5 Order Price

The order price is specified by supplying the following fields:

e priceCo ndition ¢ specifies type of order/price and may be oneLofiT, MARKETPEG_BEST_BID,
PEG_BEST_OFFBRPEG_MIDPOINTwhich is  only allowed for dark orders)

o A market order will behave like a FAK order in continuous trading, i.e. the system
will match agnuch as possible and cancel the remaining quantity. During an auction,
the market order will participate but any remaining quantity will be cancelled after
the auction

0 A pegged order must havepagOffset , a pegMarketplace and a pegCapPrice. The
pegMarketplace ispecified as either the TBBO (Turquoise Best Bid and Offer) or
the EBBO (European Best Bid and Offer, which includes the THERQ).is only
available for Integrated order book3he offsetis gpliedto eitherthe best bid
best offeror midpoint of the marketplace price. The offset is expressed as a number
of fractional ticksand may also be zero

A For transparent orders, the offset must end up on even ticks (e.g. 10, 20 etc.
fractional ticks ag allowed, but not 11, 12, etcAlso br transparent orders,
if pegged tahe best bid the offset must be negatiwnd if pegged to the
best offer the offset must bpositive.The pegCapPrice sets a limit on how
high(for bid) or low (for ask) the priceaiowed to be.The price is
recalculated each time best bid forr&G_BEST_BIDr PEG_MIDPOIN{dark
only)order changes and each time best offer fares_BEST_OFFBR
PEG_MIDPOIN(dark only)order changes

A Dark orders may use both a positive and négspeggingoffset.

e price ¢ specifies the limit price and must be supplied if fieeCondition  iSLIMIT .

e discretionaryCondition ¢ specifies whether the ordezan execute up to anon displayed, price.
Discretionary price is only allowanh transparentorders.The default is to not support a second
price. IfdiscretionaryCondition is specified, theliscretionaryPegOffset must also be supplied.
ThediscretionaryPegOffseis expresseds a number ofractional ticks and must be a positive
number for buy orders and a negative number for sell orders.
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7.1.6  Order Quantity
There are several different quantity fields.
7.1.6.1 orderQty

This is the order quantity left, i.e. available for matching. This field is déelgntering member
and maintained by the system.

Note: When an order is updated, this field is always interpreted as being relative. For example
value of +200 means that the order volume is increased by 200.

7.1.6.2 orderQtyOpen

This indicates how much ofderQty that should be shown publichAn iceberg ordecan be created
by supplying amrderQtyOpen value smaller thaorderQty .

If orderQtyOpen is not set, the system assumes that the entirgerQty is open. This field is set by
the client that enteredhe order.

7.1.6.3 minimumVolumeCondition

This field should be usefithe order has a minimum volume. If this field contains a value, the
associated fielehinimumQty must also be supplied.

7.1.6.4 minimumQty

This is the actual minimum quantity. Tih&Swill not allow a quantity less than this to be matched.
By setting theminimumQty equal toorderQty , aFill and Kil{(FaK)r Fill or Kil{FoK)rder iscreated
For FoKyalid Till Next Match must be supplied.

7.1.7  Validity Conditions
7.1.7.1 validFrom

Thevalidrrom field specifies when the order becomes valid. The allowed values are specified in the
EmapiValidFromTypes constant group.

The default isMMEDIATEVhich means that the order is made available immediately.

The valuesOOD_FROM_TIME means thatth e order will be inactive until the time specified in the
field validFromData.

If the value is GOOD_FROM_NEXT_AUTOMATCH and the order is entered during an auction, the

order will not participate in the auction and will become valid when the order book goes into an
automatch state, i.e. into continuous trading. If the order book is already in continuous trading,

the order will be valid immediately. GOOD_FROM_NEXT_AUTOMATCH is only allowed in Integrated

order books.

7.1.7.2 validTill

ThevalidTill  field specifies Wen the order ceases to be valid. The allowed values are specified in
the EmapivalidTillTypes ~ constant group.
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The default issooD_TILL_DAwhich means that the order is valid until the end of the current trading
day.

By entering an order with thealidTi I condition equal taNEXT_AUTOMATCReN one attempt to
match the order is made and the order is then cancelled bylthdf it was not filled. This is the
mechanisnusedto createa Fill and Kill orderOrders with NEXT_MATCH specified are rejected
unless the order book is in an auto matching state.

The value iSOOD_TILL_TIME means that the order will cancelled at the time specified in the field
validTillData.

If the value is GOOD_TILL_NEXT_AUTOMATCH and the order is entered during an auction, the
order will participate in the auction and any remaining quantity after the auction will be cancelled.
If the order is entered during auto match, the order is cancelled immediately.

GOOD_TILL_NEXT_AUTOMATCH is only allowed in Integrated order books.

7.1.8  Priority Change

If an order is updated, the change may result in a loss/reset of time priority in the Matching Engine.
The tablebelowdescribesattributesthat will cause a priority loss; updates and priogtyange for
orders:

Characteristic Priority Loss
Order Book orderBookld annot be changed.
User and Participant | Neither of user, actingUser, tradingMember, member, clearingMentharbe
Information changedexplicitly. Implicitly, acting User can be changed if the order is changed
another user acting on behalf. This does not cause a change of priority.
Buy/Sell Indicator isBid @annot be changed.
Order Price price, priceCondition: Yes

Pegging condition pegMarketPlace, pegOffset, pegCapPrice: No

Note that time priority is reset when the actual price of the order is re-calculated as a
result of a change of the price that the order is pegged to (i.e. the TBBO or EBBO is

changed).
Discretionary discretionaryPriceCondition, discretionaryPriceOffséto
condition
Order Quantity orderQty may be decreased without priority loss.

orderQtyOpen may be changed without priority loss.
The change does not take effect until the next iceberg volume refill.

Capacity Cae Yes

Minimum volume Priority is lostfiminimumVolumeCondition is added or minimumQtynisreased
otherwise noloss of priority

Valid From validFrom, validFromData: Can only be changed until order is valid. Priority is s
when order becomes valid.

Valid Till validTill, validTillData: No loss of priority

Visibility Cannot be changed.

Order Identfication orderRef, messageRef, infotext, account: No loss of priority

cancelOnLogout No loss of priority
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7.1.9

Order Insert¢ Mandatory and Default Fields

The table below lists the fields on the order insert request, if they are mandatory or optional and a

list of values in the event that they have a set of pre defined values.

Attribute Mandatory Default Constants

orderBook Y

user N logged in user

clearingMember N

isBid Y

price Y

priceCondition N LIMIT LIMIT,
MARKET,
PEG_BEST_BID,
PEG_BEST_OFFER,
PEG_MIDPOINT

orderQty Y

orderQtyOpen

validFrom Y IMMEDIATE IMMEDIATE,

GOOD_FROM_TIME,
GOOD_FROM_NEXT_AUTOMATCH

validFromData

N (Y if validFrom=
GOOD_FROM_TIME )

validTill Y GOOD_TILL_DAY | GOOD_TILL_DAY , NEXT_MATCH,
) GOOD_TILL_TIME,
Except for GOOD_TILL_NEXT_AUTOMATC
Market order, H
will behave as if
NEXT_MATCH
set.
validTillData N (Y if validTill=
GOOD_TILL_TIME)
pegMarketPlace N TBBO TBBO, EBBO
pegOffset N (Y if priceCondition=
PEG_BEST_BID,
PEG_BEST_OFFER,
PEG_MIDPOINT)
pegCapPrice N (Y if priceCondition=
PEG_BEST_BID,
PEG_BEST_OFFER,
PEG_MIDPOINT)
discretionaryCondition N NONE NONE,
FIXED
discretionaryPegOffset N (Y if Null
discretionaryCondition =
FIXED)
visibility N TRANSPARENT TRANSPARENT,
(If Integrated DARK
book)
DARK (If dark
book)
minimumVolumeConditio N NONE NONE,
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n MULTIPLE_ORDERS
minimumQty N (Y if
minimumVolumeCondition
= MULTIPLE_ORDERS)
cancelOnLogout N FALSE
capacityCode N AGENCY AGENCY,
PRINCIPAL
messageRef N
orderRef N
account N
infoText N
possDup N False

7.2 Mapping of Order Types to Order Attributes

This chapter contains information on how order types map todlferent characteristics.
TheEmapiOrderinsertReq message has no single field defining its type, i.e. if it is a market order or
an iceberg limit order, etc. Instead, the type is determined by a combination of a handful of fields.

The supported order typeare listed in the table below together with their corresponding required
fields. Note that only the fields that are specific for the order types are listed. The other order
attributes can be defined according to the table in the previous chapter. Qygdes:

Order Type

Required Fields

All

orderbook = valid order book ID
orderQty >0
isBid (true or false)

Limit Order

Visibility = TRANSPARENT | DARK

price = valid price

priceCondition = LIMIT

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATMm@Hbr integrated order book)
validFromData = valid time if GOOD_FROM_TIME
Time formatis hh ~ :mm:ss

validTill = GOOD_TILL_TIME | GOOD_TILL_DAY |

validTillData = valid time if GOOD_TILL_TIME

GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)

Limit at OpenOrder

only.

Valid during the Opening Auctior

Visibility = TRANSPARENT
Price = valid price
priceCondition = LIMIT

Market Order

validFrom = IMMEDIATE

validTill = GOOD_TILLNEXT_AUTOMATCH

Visibility = TRANSPARENT | DARK

Price =0

priceCondition = MARKET

validFrom = IMMEDIATE

validTill = NEXT_MATCH (Optional. If set, the order will be

rejected if the order book is not in an auto match state).

Market at OpenOrder

only.

Visibility = TRANSP ~ ARENT

Valid during the Opening Auctior Price = 0

priceCondition = MARKET
validFrom = IMMEDIATE
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Order Type

Required Fields

Fill and Kill Limit Order

Visibility = TRANSPARENT | DARK
price = valid price

priceCondition = LIMIT

validFrom = IMMEDIATE
validTill = NEXT_MATCH

Fill or Kill Limit Order

Visibility = TRANSPARENT | DARK

price = valid price

minimumVolumeCondition = MULTIPLE_ORDERS
minimumQty = orderQty

priceCondition = LIMIT

validFrom = IMMEDIATE

validTill = NEXT_MATCH

Fill or Kill Limit Order

Specified to fill less than full
order qty.

Visibility = TRANSPARENT | DARK

price = valid price

minimumVolumeCondition = MULTIPLE_ORDERS
minimumQty = value less than orderQty
priceCondition = LIMIT

validFrom = IMMEDIATE

Fill or Kill Market Order

validTill = NEXT_MATCH
Visibility = TRANSPARENT | DARK
price= 0

minimumVolumeCondition = MULTIPLE_ORDERS
minimumQty = orderQty

priceCondition = MARKET

validFrom = IMMEDIATE

validTill = NEXT_MATCH

Iceberg Limit Order

Visibility = TRANSPARENT

price = valid price

orderQtyOpen > 0

orderQtyOpen < orderQty

priceCondition = LIMIT

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH (only for integrated order book)
validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY |
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD _TILL TIME

Discretionary Limit Order

Visibility = TRANSPARENT

price = valid price

priceCondition = LIMIT

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH (only for integrated order book)
validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY |
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD_TILL_TIME
discretionaryCondition = FIXED

discretionaryOffset Ticks > 0 if bid else < 0 , Specified as
#fractional ticks.

Discretionary Iceberg Limit Orde

Visibility = TRANSPARENT

price = valid price

orderQtyOpen > 0

orderQtyOpen < orderQty

priceCondition = LIMIT

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH (only for integrated order book)
validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY |
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD_TIL_TIME
discretionaryCondition = FIXED

discretionaryOffsetTicks > O if bid else < 0 , specified as
#fractional ticks.
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Order Type

Required Fields

TransparentPegged Order

Visibility = TRANSPARENT

price= 0
priceCondition = PEGBEST_BID (if Bid) | PEGBEST_OFFER (if
IBid)

pegMarketPla ce = TBBO| EBBO

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH

validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY |
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillDat  a = valid time if GOOD_TILL_TIME

pegCapPrice > 0

pegOffset < 0 if BEST_BID else > 0. Specified as

#fractional ticks, must make up whole ticks.

DarkPegged Order

Visibility = DARK

price= 0

priceCondition = PEGBEST_BID (if Bid) | PEGBEST_OFFER (if
IBid) PEG_MIDPOINT

pegMarketPlace = TBBO (only in integrated orderbook) | EBBO

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH (only for integrated order book)
validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TB GOOD_TILL_DAY]|
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD_TILL_TIME
pegCapPrice > 0

pegOffset in fractional ticks, may be positive and negative
regardless of Bid or Offer.

Pegged Iceberg Order

Visibility = TRANSPARENT

price= 0

orderQtyOpen > 0

orderQtyOpen < orderQty

priceCondition = BEST_BID (if Bid) | BEST_OFFER (if !Bid)
pegMarketPlace = TBBO| EBBO

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH

validFromData = valid time if GOOD_FROM_TIME
validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY
validTillData = valid time if GOOD_TILL_TIME

pegCapPrice > 0
pegOffset < 0 if BEST_BID else > 0.

Dark LimitOrderwith Minimum
Volume (MAQ)

Visibility = DARK

price = valid price

minimumVolumeCondition = MULTIPLE_ORDERS
minimumQty = orderQty  or less

priceCondition = LIMIT

validFrom = IMMEDIATE | GOOD_FROM_TIME

validFromData = valid time if GOOD_FROM_TIME
validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY
validTillData = valid timeif GOOD_TILL_TIME
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Order Type Required Fields

Visibility = DARK

price= 0

minimumVolumeCondition = MULTIPLE_ORDERS

minimumQty = orderQty  or less

priceCondition = PEGBEST_BID (if Bid) | PEGBEST_OFFER (if
IBid) | PEG_MIDPOINT

pegMarketPlace = TBBO (only in integrated orderbook) | EBBO
DarkPegged Ordewith validFrom = IMMEDIATE | GOOD_FROM_TIME |

Minimum Volume (MAQ) GOOD_FROM_NEXT_AUTOMATCH (only for integrated order book)
validFromData = valid time if GOOD_FROM_TIME

validTill = NEXT_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY]|
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD_TILL_TIME

pegCapPrice > 0

pegOffset in fractional ticks, may be positive and negative

regardless of Bid or Offer.

Visibility = TRANSPARENT

price= 0
priceCondition = PEGBEST_BID (if Bid) | PEHBEST_OFFER (if
IBid)

pegMarketPlace = TBBO| EBBO

validFrom = IMMEDIATE | GOOD_FROM_TIME |
GOOD_FROM_NEXT_AUTOMATCH

TransparentPegged Ordewith validFromData = valid time if GOOD_FROM_TIME
Discretion validTill = NEX_MATCH | GOOD_TILL_TIME | GOOD_TILL_DAY |
GOOD_TILL_NEXT_AUTOMATCH (only for integrated order book)
validTillData = valid time if GOOD_TILL_TIME
pegCapPrice > 0

pegOffset < 0 if BEST_BID else > 0. Specified as
#fractional ticks, must make up whole ticks.

discretionaryCondition = FIXED

discretionaryOffsetTicks > O if bid else < 0

7.3 Private Order Event Flow

Thissectiondescribes the resulting private order events published by the Matching Engine.
The private flow describes the life cycle of the order. pklic flow,manages the public display of
the order. These two flows are independent.

Whenever either the client or th&urquoiseSystem performs an order action, a private orderbook
event message is sent on the private order event flow. The actualagestisseminated is
EmapiPrivateOrderbookEvent

This event message contains most of the user specified order attributes. These attributes are, with a
few exceptions listed below, not changed by therquoiseSystem. This means that if the client did

not specify certain fields, and the System applied defaults, the default will not be shown in the
private event message. The client specified initial value will instead be forwarded.

In addition to a copy of the input attributes, there are additional outpetds supplied in the private
order book event. These fields are described below.
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7.3.1  Order Event Types/Sub Types
7.3.1.1 eventType

May be one of the base order event typ&SERT UPDATEAaNdCANCEL

¢ INSERT will be generated once when the order is initially inserted. This is performed by sending
an EmapiOrderinsertReq message to the System. If the respons@dpiOrderinsertRsp )
containing the fieldstatusCode is equal toEmapiStatusCodes.OK , then the ader hasbeen
accepted by the System.

The response also contains the fieldapiorderinsertRsp.privateOrderlD , uniquely idenifying the
order in the Systenilhe response fielekmainingQuantity  included gives the remaining quantity
after an attempt to math the order was made.

e UPDATE is generated upon any subsequent change to the order including partial or full fills,
client order updates, or system induced updates. Order Update is performed by sending an
EmapiOrderUpdateReq message to the System.

If the response EmapiOrderUpdateRsp) containing the fieldtatusCode is not equal to
EmapiStatusCodes.OK , the order has not been updated. This will mean previous versions of the order
remains active in the system.

TheEmapiOrderUpdateReq message must contaidlarder fields as specified on the
EmapiOrderinsertReq . It is not possible to specify only changed fields. BrhgpiOrderUpdateReq
message is therefore a copy of tB@apiOrderinsertReq  with two exceptions:

0 The Private Order ID of the order that is upethimust be supplied in the field
EmapiOrderUpdateReq.privateOrderld

0 The quantity of the order is specified as a relative quantity on the Order Update while it is an
absolute value on Order Insert. For example, a quantit@ in arEmapiOrderUpdateReq
means that the residing order quantity should be decreased by 200.

e CANCEL is generated once at the end of the order life cycle when it is removed from the System.
Order Cancel is performed by sendingsatapiOrderCancelReq message to the System. The
Private Order ID of the order that is cancelled must be supplied in the field
EmapiOrderCancelReq.privateOrderld

If the responselmapiOrderCancelRsp) containing the fieldtatusCode is not equal to
EmapiResponse.OK then the order remains active in thi&ystem.

The response also includes the figléntityCancelled , which gives the quantity of the order at the
time it was cancelled.

NOTE: An Order Cancel will be rejected if either the User was not authorised to cancel the org
the order is alreadgancelled.

The following additional fields provide further information about the event:
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7.3.1.2 sourceOfEvent

This is eithetySEROr SYSTEM

e USERNdicates that the source of the event is an explicit action taken by a user.
e SYSTENndicates that the source dhe event is an action taken by the system.

Note: An initialuserevent may trigger a number afrsTEnvents. For example, this happens whe
user by an explicit update makes an order so generous that it matches.

7.3.1.3 eventSubType

This indicates the typef event with a greater level of detail. The set of @uent types is likely to
increase over time.

7.3.1.4 eventSubType, eventType, and sourceOfEvent

The valid combinations @&ventSubType/ EventType/sourceOfEvent are as listed beloyworderbook
event types

EventSubType EventType SourceOfEvent

INSERT INSERT USER
PARTIALLYFILLED UPDATE SYSTEM
FILLED UPDATE SYSTEM
MASSCANCEL CANCEL USER/SYSTEM
UPDATE UPDATE USER

FILLED CANCEL SYSTEM
USERDISABLED CANCEL SYSTEM
USERDISABLED UPDATE SYSTEM
USERDELETED CANCEL SYSTEM
USERDISCONNECTED CANCEL SYSTEM
USERDISCONNECTED UPDATE SYSTEM
EXPIRED CANCEL SYSTEM
CANCEL CANCEL USER/SYSTEM
PRICERECALGTED UPDATE SYSTEM
CANCEIDUETO PRICEBAND | CANCEL SYSTEM
CANCEIDUE TO STATECHANGE CANCEL SYSTEM

7.3.2 Private Order ID

When an order is inserted, tHET Swill assign an ID to the order. This ID is unique within the system
and over time. This private order ID will follow the order through its lifecycle. It is returned to the
client in theEmapiOrderinsertRsp message and will be included in all private event messages.

The clients requiredto specifythe private order ID when performing an Order Update or Order
Cancel.

7.3.3 Public Order ID

If the order is also published on the public order book event flow,lito@iassigned a public order

ID. This public ID is also unique within the System and over time. The public order ID is included in
the private order book event message. This means that the client can find out if a public order is
identical toone ofthet A Sy 1 Q&4 LINA G GS 2NRSNRE®
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Note: It is not possible to backtrack from a public order book event message to the associated
private order book event. It is only possible to link from private event to public event. This is to
maintain anonymity for public ordsr

7.3.4  Actual Price

This field displays the current display price of the order.

e For a Limit order, thigrice is always the same as the supplied Limit Price.
e For a Market order, thectualPrice ~ displays the price that the order is currently set to.
e For a Peg order, thetualPrice  displayshe current price of the order

7.3.5 Type of orderbook and Priority

The following fields define the current matching state of the order:

e Priority group
e Priority

7.3.5.1 Type of orderbook
There are two types of orderbooks &tirquoise:

¢ Integratedq May contain both visible and dark orders
e Darkg Contains only dark orders.

7.3.5.2  Priority Group

Defines which priority group the order is currently residing in. A lower priority group number beats a
higher one. The priority groupumbers are not guaranteed to be consecutive; however, they will be
positive integers.

For exampleastransparent orders haw priority over dark orders oaprice level, transparent
orders will have a lower priority group number than dark orders.

7.3.5.3  Priority

The current time priority of the order. A lower number beats a higher one. It is a positive integer.
The priority numbers assigned to orders may not be consecutive.

Note: The priority number is not a timestamfioutit can be used to determine thiatching Engine
order of a set of identical orderplaced on the same Orderbook lithin the same millisecord

7.3.6  orgOrderQty and publicOrderQty

7.3.6.1 orgOrderQty

This is the original volume of the order. Initially, this volume is set by the system to the same as
valueordergty ® LF GKS 2NRSNJ Aa y24 SELX AOAGE & dzLRIGSR
for the duration of the lifespan of the order.
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AnexplicitorderUpdate message performed by the client affecting threerQty field will also change
the orgorderQty field by the same amount.

7.3.6.2  publicOrderQty

This is the volume that is shown publicly to other clients dinghe publicorderbool. Initially, this
volume is set by the system to the same as valderQtyOpen . It is then maintained by the system
according to the relevant matching rules.

| Note: For FIX emulation purposesymQty = orgOrderQty - orderQty |

7.3.7  Time of Entry and Time of Mofication

Timestamps that determine when the order was entered and modified.
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7.4 Public Order Event Flow
7.4.1  Public Order Book Event Message

Each order change that is to be made publicly available is published on the Public Order book Event
flow. The message usedHasapiPublicOrderbookEvent .

The contents of the public order book event is a subset of the information supplied on the Private
Order Book Event flow

However, in order to protect client information, there are some differences in the events generated
on the Private compared to Public flows. Here are some examples:

e An order is updated and loses priority as a result of the update:

0 The Private Flow will receive an Update.

0 The Public Flow will see a Cancel followed by an Insert with a new Public Order ID. It is not
possible for anyone but the owner to know whether the new order is really a new order, or
an update of an order that was @viously in the book.

e An order is inserted and is completely filled upon entry with an order in the book:
e The Private Flow will see an Insert, Update (trade), and Cancel for the incoming order.

0 There will not be any Public Order events for the incomirtgo (There will be an Update
with reduced quantity for the resting order.)

Note: A public order event contains only teentType field and does not provide any information
abouteventSubType Or SourceOfEvent .

7.4.2 Order Book State Change Message

One ormore of hese messagds sentevery time the state of an order book changes due to either a
scheduled changee.g. the move from Auction to Automatch in the mornorge.g. @ adhoc

Market Operations implementeihtradayhalt of the order book.In somecasesit isthe correct
interpretation of acombination of each of these singbeirpose messages that allows you to derive
the correctcurrentorder book state.

When setting up your subscriptionsseithepUserObjec{see 8.1.2.5), such that you can ke
origin flows of the duplicate EmapiOrderbookStateChangeEvent messages you will receive if
subscribing to both the MBL_L1 FLOW and the PUBLIC_ORDER_FLOW.

Here are some notes for temapiOrderbookStatdfangeEventessage attributes:

automatch indicates whether the order book is currently scheduled to be in an automatch state.
auction indicates whether the order book is currently scheduled to be in an auction state.
orderbookTradingPhasan arbitrarytext label for the status of the order bodgko not code against
this).

orderbookObsoleteflag indicating that the copy of the public order book should be dropped. For
orders that were on theublicorder book prior to this flag being sent, that are te teinstated after
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the condition causing this flag to be sent has been cleared, will{oesegted into the piblic order
bookflow by TTS.

tradeHaltEventa message is sent with this value set to TRADE_HAL Tawtadingoes int@ffect.
When the order bok is taken out of halt, it will send another message with this value as
TRADE_HALT_LIFTED.

tradeHaltTypethe value FULL_HALT implies no order entry is possébtetal halt and cease of
client interactions on that order boak The value NO_MATCHIN®@ans that order entry is possible:
i.e. the oder book is in an Auction state (orders can be entered, the uncrossing then occurs when
the halt is lifted: see the resumeTime. During this time you can also expect to see
EmapiAuctionEvent messages beingtsan).

tradeHaltReasona reason as to why thealt is in effect.

resumeTimethe time at which the halt will be lifted.

orderBook the order book that this message pertains to.

Some examples of message sequences are below:

When going into a trade halbllowed by an auction, the EmapiOrderbookStateChangeEvent
messages below should be published (NB: note that Automatch is still set to TRUE throughout):

1. A message showing a tradeHaltEvent of 1 with the applicable tradeHaltReason and a
tradeHaltType o2 (FULL_HALT).
2. A message showing orderbookObsolete of TRUE.

When taking the orderbook from Halted to Auction, you should see:

1. A message showing the tradeHaltType dropped to 1 (NO_MATCHING) i.e. orders can now be
entered into the system.

2. A messge showing orderbookObsolete of TRUE.

3. EmapiAuctionEvent message showing zeroes and the uncrossing time.

When going from Auction to Continuous Trading, you should see:

1. A message showing the tradeHakenType put back to 2.

2. A message showing noade halt associated attributes set, with orderbookObsolete set as
TRUE.

3. A message showing no trade halt associated attributes set, with orderbookObsolete set as
FALSE.

4. Any trades that arose from the uncrossing.

7.4.3  Maintaining an imageof an Order Bod

A copy ofan Order Book can be built with themapPublicOrdelbookEventand
EmapPrivateOrdebookEvenimessages and thEmapDrdeibookStateChandeventmessage.

The following guidance describes an approach to building an orderbook.
A public order event arrives with event type CANCEL:

() Locate the order in the orderbook using the PublicOrderld.
W Delete the order.
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W Thepriority field and orderQty does not have any significance when deleting orders.

A public order event arrives with event type INSERT:

W Find all active orders for price level and side.

W Traverse orders and compare:

o] priorityGroup: A lower farrity group number beats a higher.
o] priority: A lower priority beats a higher priority.

A public order event arrives with event type UPDATE:

W Locate the order in the orderbook using the PublicOrderld.
W Update the order.

w Traver® orders and compare:
o} priorityGroup: A lower priority group number beats a higher.
o] priority: A lower priority beats a higher priority.

It is recommended to use the PublicOrderld as identification of an order. This wilidugewturing
the day.

Example:

e There is one visible buy order in the order book with price 12.10 and priority 4000.

¢ A new visible order with price 12.09 and priority 1 is behind the first order because the price is
worse.

e There is one visible buy ordertime order book with price 12.10 and priority 4000.

e A new visible order with price 12.10 and priority 72000 beats the first one since the group
number is lower.

www.tradeturquoise.com

.
57



TURQUOISE

7.5 L1

In the TTSt is possible to subscribe to markey-level events, whicin Turquoisds restricted to
onlyLevell (i.e. top of the bookMBL messaged-or depth of book you have full depth available in
the Public Orderbook flow.

During an Auction state, these flows disseminate an indicative auction price and no aggregated
depth. In Automath, the flows include aggregated volumes per @ilevel to the depth configured
for the flow:

e L1¢One/Top level

7.5.1 Auction States

TheEmapiAuctionEvent  is disseminated whenever the indicative auction price and/or any of the
associated volumes change. The event includes the quantity that can be traded and any imbalance.
All visible orders that contribute to the auction are included.

Note that iceberg ordes participate with their reserve volumes included.

7.5.2 Automatch States

TheEmapiMblEvent message is distributed during Automatch only. Only visible orders are included.
I.e. dark orderbooks are not published and dark orders in integrated orderbooks afd@Iso
included.

The marketby-level updates are delta updates. This implies that only the price level affected by an
updateis published.

In the initial snapshot, the L1 price levemade available. A client applicatishould mirror the
price leveland apply future delta updates.

The initial snapshot when subscribing for all levels to the client will contain the following data. The
initial snapshot is framed with start snapshotandend snapshot

EmapiMblEvenexamplemessages

operation=ADD, ord erbookside=Bid, price=9.75 volume=234
operation=DELETE, orderbookside=Ask, price=9.80 volume=80
operation=UPDATE, orderbookside=Ask, price=10.0, volume=190

7.6 Order Book State Change Message

Order book state changes are also sent on the public order book flow. The actual message is
EmapiOrderbookStateChangeEvent . Messages are sent when the order book changes state or is
halted/halt lifted.

7.7 Information on Trades

TheTTSreates a trade whenever there is a match between orders.
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There is both a Public Trade Flow, and a PrivVaaeleFlow for each Participant. When two parties
match, there is one Public Trade message and two Private Trade megsagefor each

participari ® LF GKS /fSFNAY3I aSYoSNI Aada RAFFSNBYyd FTNRY
O2Lk¢ UGUNIRS YSaal3asS gatft 0SS aSyid G2 GKS /€SIFNRY-:
7.7.1  Private Trade Events

Private trade events are disseminated in theapiPrivateTradeEvent message. A selectiaf the
supplied informatiorin the Private Trade Event messaigebelow. Please see the
EmapiPrivateTradeEvent for full details

Publictrade events are disseminated in tEenapiPrivateTradeEvent
supplied informatiorin the PublicTrade Event messagebelow. Please see the
EmapPublicTradeEvent

Field Description
orderBook ID of order book traded.
typeOfTrade One of
e NEWrade
e BUSTEDrade

subTypeOfTrade The different subtypes define whether the trade happened in an Auction or in
Automatch.

isBid True if this private trade refers to the bid side, false if not. This means the buyer
receive a message witbBid = true  , and the seller a message witiBid = false

tradeQty Trade quantity.

Price Trade price.

tradelD Unique trade ID in the System and over tini¢B: both parties to a trade will receive
the same tradelD value for that unique instance of a trade.

dealld All trades that are created at the same matching event receive the seaill . It is
guaranteed to be unique in thETSand over time.

gmll\jlseg:ber Owner Data for the party to which the Private Trade is directed. (The buiggidf=
true , the sdler ifisBid = false ).

ownOrderld Order ID of the order participating. This field mayrioé if the trade cannot be
tracked to an order.

ownMessageRef Carried through frormessageRefsupplied on order.

owninfoText Carried through froninfoText supplied on order.

IsAggressor Indicates whether the party is the aggressor in the trade.

updateLastPaid If the tradeis to updatethe lastpricepaidin reference data and on printshis field is
set to true, otherwise it is set ttalse .

timeOfTrade Time of trade. The format igyy - MMddTHH:mm:ss.SSS

7.7.2  Public Trade

message. A selection of the

for full details

Field Description
OrderBook ID of order book traded
typeOfTrade One of the following:
e NEWrade
e BUSTEMrade
subTypeOfTrade The different subtypes define whether the tratlappened in an Auction or in
Automatch.
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Field Description

timeOfTrade Indicates when the trade was consummated.

tradeQty Trade quantity.

tradePrice Trade price.

tradelD Unique trade ID in th@ TSand over time.NB: both parties to a trade will
receive the same tradelD value for that unique instance of a trade.

dealld All trades that are created at the same matching event receive the same
dealld . It is guaranteed to be unique in ti&r Sandover time.

lastAuctionPrice Reflects the price of the last auction. The decimal value is derived by divid
this field with the constant EMAPI_DIVISOR_PRICE.

lowPrice Trade statistics.

highPrice

totalVolumeTraded

updateLastPaid If the tradeis to updatethe lastprice paidin reference data and on printshis
field is set to true, otherwise it is set false .

7.8 Trading States
7.8.1  Trading State Type

An order book can be configured to run through a number of different trading states during a day. A
trading state can & of one of three different types:

e Automatchg matching is allowed and incoming orders are continuously matched.

e Auctiong matching is turned off. When the auction period ends, an uncrossing trade will be
performed.

e Halt¢ no matching orderbook is haltedrders may be cancelled.

7.8.2  Trade Halt
During a trade halt, no matching may occur.

The Trade HaReason indicates why the ordmrok was halted.
The Trade Halt is a full halt which means that only order cancels may be performed.

When the trade halt isifted, the orderbook will return to its previous state. The orderbook can
either be lifted immediately, or at a specified time, or according to a schedule. In all cases, an
Auction may be performed if the book contains crossing orders. Indicative pritdgw
disseminated during the Auction period.

7.8.3  Order Book State Change Message

Order book state changes are sent on the public order book flow and on the L1 MBL flow. Th
information is disseminated iBmapiOrderbookStateChangeEvent message The statechange event
has the following attributes:

e automatch ¢ Information about the orderbook state if true the orderbook is in automatch.

e auction ¢ Information about the orderbook state if true the orderbook is in auction.
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e orderbookTradingPhaseThe currentrading phase. (This is a convenient label only. Orderbook
trading state should be derived from the other values in this event.)

e orderbookObsolete ¢ If true the contents of the public orderbook is invalid and should be
discarded. Any client applicati@hould make sure to empty their public orderbook.

e tradeHaltEvent ¢ The Halt Event can be one of the following:

0 TRADE_HALT

The order book is trade halted.

ThetradeHaltType andtradeHaltReason provide further information.
0 TRADE_HALT_LIFTED

The tradehalt is lifted from the order book.

TheresumeTime indicates, if set, when normal trading will resume.

e tradeHaltType ¢ The Halt Event can be one of the following:
0 NO_MATCHING
Automatching is stopped but order management and order services function asahorm
0 FULL_HALT
Automatching is stoppedt isonly allowed to cancel orders.
TheresumeTime indicates, if set, when normal trading will resume.

e tradeHaltReason ¢ The Halt Event can be one of the following:
0 NO_REASON_SPECIFIED

TECHNICAL

REGULATORY

CLEARING

DISABLED

O O oo

¢ resumeTime ¢ The planned time for resume trading. The time is specified according to the 24
hour clock ISO 8601 format exy.Y¥MMDDThh:mm:ss.sTzD(e.g. 199707-16T19:20:30.45+01:00).

e orderBook ¢ The orderbooks affected by the state change
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7.9 Message Sequencing

This chapter contains a numbertofiding scenarioand associated message sequences. The
following flows are described:

e The Private Order Book flow for eggarticipant. P1, P2, etc. refer to differeparticipants.
e The Public OrdeBook flow.
Note that in the flow descriptions below, there are statements sucb/e&E(P2 order). This

means that a&CANCEILS sent out on the order owned by P2. In an anonymous market it will not be
possible to se¢hat the order actually belonged to P2.

e The L1 MBL flow.
e The Public and Private Trade flows.

In addition to the public and private flows, there are three global flows. These are not explicitly
described below because the generation of the events is driventbgnal events rather than
requests from participargt

e System Events IS a free text message generated whdarket Operations needs to inform
connected participants about nastandard scheduled or aldoc events.

e System Status Events IS generated when tre is a change to the trading service availability.
e Trading Rules Events  is generated when there is an update to the trading rules intraday.

The use cases are divided into different sections depending on category. The categories are:

e Order Actions ad Automatch Phase
e Order Actions and Auction Phase

e Pegged order

e State Transitions

791 Order Actions Automatch Phase
7.9.1.1 Order Insert,and No Fill

Initial State Empty Main Book

Event Participant P1 inserts an order to buy 1000 x 12.10
EmapiOrderinsertReq / EmapiOrderinsertRsp

P1 Private Orderbook | #  TypeOfEvent SubEventType SourceOfEvent

Flow
1 INSERT INSERT USER
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7.9.1.2

Public Orderbook Flow| #  TypeOfEvent
1 INSERT
L1 Flow INSERT BID 1000 x 12.10
Full Flow INSERT BID 1000 x 12.10
P1 Private Trade Flow | --
Public Trade Flow -
Order Insert, Partial Fill
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P5 inserts an order to buy 3000 x 12.10

EmapiOrderinsertReq /EmapiOrderinsertRsp .

The order will trade 2000 with P2. The remaining 1000 ¢
the incoming order is booked.

P2 Private Orderbook #

Flow (Resting Order)
1

2

TypeOfEvent SubEventType SourceOfEvent
UPDATE FILLED SYSTEM

CANCEL FILLED SYSTEM

P5 Private Orderbook #
Flow (Incoming Order)

TypeOfEvent SubEventType SourceOfEvent

1 INSERT INSERT USER
2 UPDATE PARTIALLY SYSTEM
FILLED
Public Orderbook Flow | #  TypeOfEvent

1 UPDATE (P2 order)

2 CANCEL (P2 order)

3 INSERT (P5 order, vol 1000)
L1 Flow CANCEL OFFER 200@ 410

INSERT BID 1000 x 12.10
(Resulting in 1000 x 12.136000 x 12.11)

Full Flow Same as L1

P2 Private Trade Flow | Sold 2000 x 12.10

P5 Private Trade Flow | Bought 2000 x 12.10
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Public Trade Flow 2000 x 12.10

7.9.1.3

79.1.4

Order Insert, Full Fill
Initial State Bookis
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P5 inserts an order to sell 1000 x 12.09

EmapiOrderinsertReq / EmapiOrderinsertRsp .

The order will trade 1000 with P1.

P1 Private Orderbook Flow
(Resting Order)

# TypeOfEvent SubEventType SourceOfEvent
1 UPDATE FILLED SYSTEM

2 CANCEL FILLED SYSTEM

P5 Private Orderbook Flow
(Incoming Order)

# TypeOfEvent SubEventType SourceOfEvent

1 INSERT INSERT USER

2 UPDATE FILLED SYSTEM

3 CANCEL FILLED SYSTEM
Public Orderbook Flow #  TypeOfEvent

1 CANCEL (P1 order)

L1 Flow CANCEL BID 1000 x 12.09
(Resulting in 3000 x 12.@8000 x 12.10)
Full Flow Same as L1

P1 Private Trade Flow

Bought 1000 x 12.09

P5 Private Trade Flow

Sold 1000 x 12.09

Public Trade Flow

1000 x 12.09

Resting Order receives Partial Fill
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P5 inserts an order to buy 1000 x 12.10
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EmapiOrderinsertReq / EmapiOrderinsertRsp .

The order will trade 1000 with P2.

P2 Private Orderbook # TypeOfEvent SubEventType SourceOfEvent

Flow (Resting Order)
1 UPDATE PARTIALLY SYSTEM

FILLED

P5 Private Orderbook # TypeOfEvent SubEventType SourceOfEvent
Flow (Incoming Order)

1 INSERT INSERT USER
2 UPDATE FILLED SYSTEM
3 CANCEL FILLED SYSTEM

Public Orderbook Flow | # TypeOfEvent

1 UPDATE (P2 order, vol 1000)

L1 Flow UPDATE OFFER 1000 x 12.10
(Resulting in 1000 x 12.@1000 x 12.10)

Full Flow Same as L1

P2 Private Trade Flow Sold 1000 x 12.10

P5 Private Trade Flow Bought 1000 x 12.10

Public Trade Flow 1000 x 12.10

7.9.1.5 Order Update, No Priority Change, No Fill

Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x12.11 (P4)
Event Participant P2 updates its existing order to sell 1000
12.10

EmapiOrderUpdateReq / EmapiOrderUpdateRsp.

P2 Private Orderbook Flow # TypeOfEvent SubEventType SourceOfEvent

(Resting Order)
1 UPDATE UPDATE USER

Public Orderbook Flow #  TypeOfEvent

1 UPDATE (P2 order, vol 1000)

L1 Flow UPDATE OFFER 1000 x 12.10
(Resulting in 1000 x 12.@91000 x 12.10)

Full Flow Same as L1
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7.9.1.6 Order Update, Priority Change, No Fill

Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.1qP2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P2 updates its existing order to sell 3000
12.10

EmapiOrderUpdateReq / EmapiOrderUpdateRsp.

P2 Private Orderbook Flow # TypeOfEvent SubEventType SourceOfEvent

(Resting Order)
1 UPDATE UPDATE USER

Public Orderbook Flow #  TypeOfEvent
1 CANCEL (P2 order)

2 INSERT (P2 order, vol 3000)

L1 Flow UPDATE OFFER 3000 x 12.10
(Resulting in 1000 x 12.@9B000 x 12.10)

7.9.1.7 Order Update, Priority Change, Partial Fill

Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P2 updates its existing order to sell 2000 x
12.09

EmapiOrderUpdateReq / EmapiOrderUpdateRsp.

The order will trade 1000 with P1. The remaining 100(
stayin the book.

P1 Private Orderbook # TypeOfEvent SubEventType SourceOfEvent
Flow (Resting Order)

1 UPDATE FILLED SYSTEM

2 CANCEL FILLED SYSTEM
P2 Private Orderbook # TypeOfEvent SubEventType SourceOfEvent
Flow (Updated Order)

1 UPDATE UPDATE USER

2 UPDATE PARTIALLY SYSTEM

FILLED
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Public Orderbook Flow

H*

TypeOfEvent
1 CANCEL (P2 order)
2 CANCEL (P1 order)

3 INSERT (P2 order)

L1 Flow CANCEL BID 1000 x 12.09
CANCEL OFFER 2000 x 12.10
INSERT OFFER 1000 x 12.09
(Resulting in 3000 x 12.@81000 x12.09)
Full Flow Same as L1

P1 Private Trade Flow

Bought 1000 x 12.09

P2 Private Trade Flow

Sold 1000 x 12.09

Public Trade Flow

1000 x 12.09

7.9.1.8 Order Update, Priority Change, Full Fill

Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P1 updates its existing order to buy 1000 x

12.10
EmapiOrderUpdateReq / EmapiOrderUpdateRsp.

The order will trade 1000 with P2.

P2 Private Orderbook
Flow (Resting Order)

# TypeOfEvent SubEventType SourceOfEvent

1 UPDATE PARTIALLY SYSTEM
FILLED

P1 Private Orderbook
Flow (Updated Order)

# TypeOfEvent SubEventType SourceOfEvent

1 UPDATE UPDATE USER

2 UPDATE FILLED SYSTEM

3 CANCEL FILLED SYSTEM
Public Orderbook Flow | #  TypeOfEvent

1 CANCEL (P1 order)

2 UPDATE (P2 order)

L1 Flow

CANCEL BID 1000 x 12.09
UPDATE OFFER 1000 x 12.10
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7.9.1.9

(Resulting in 3000 x 12.@81000 x 12.10)

Full Flow

Sameas L1

P1 Private Trade Flow

Bought 1000 x 12.10

P2 Private Trade Flow

Sold 1000 x 12.10

Public Trade Flow

1000 x 12.10

Order Peg Recalculation
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 1000 x 12.12 (P3)
2000 x 12.13 (P2)
toQa 2NRSN) A4 LIS3IISR G2
of-m U0AO1 OUAO]l aAl 8aphprigeisn P
12.09.
Event Participant P4 inserts an order to sell 3000 x 12.11.

EmapiOrderinsertReq / EmapiOrderinsertRsp .

P3 Private Orderbook
Flow (Resting Peg Order)

# TypeOfEvent SubEventType SourceOfEvent

1 UPDATE PRICE

RECALCULATE

SYSTEM

P4Private Orderbook
Flow (Incoming Order)

# TypeOfEvent SubEventType SourceOfEvent

1 INSERT INSERT USER

Public Orderbook Flow

#  TypeOfEvent
1 INSERT (P4 order)
2  CANCEL (P3 order)

3 INSERT (P3 order)

L1 Flow

CANCEL OFFER 1000 x 12.12
INSERT OFFEBOO x 12.10

INSERT OFFER 3000 x 12.11
(Resulting in 1000 x 12.@91000 x 12.10)
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7.9.1.10 Order Cancel

7.9.2
7.9.2.1

Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P2 cancels its order.

EmapiOrderCancelReq / EmapiOrderCancelRsp.

Px Private Orderbook Flow

# TypeOfEvent SubEventType SourceOfEvent

1 CANCEL CANCEL USER

Public Orderbook Flow

# TypeOfEvent

1 CANCEL (P2 order)

L1 Flow

CANCEL OFFER 2000 x 12.10

(Resulting in 1000 x 12.@%000 x 12.11)

Order Actions andAuction Phase

Order Insert
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P5 inserts an order to buy 3000 x 12.10

EmapiOrderinsertReq / EmapiOrderinsertRsp .

P5 Private Orderbook Flow
(Incoming Order)

# TypeOfEvent SubEventType SourceOfEvent

1 INSERT INSERT USER

Public Orderbook Flow

#  TypeOfEvent

1 INSERT
L1 Flow Auction event: 2000 x 12.10 (1000 imbalance)
Full Flow Same as L1
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7.9.2.2

7.9.2.3

Order Update
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000 x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P3 updates its order to buy 3000 x 12.10

EmapiOrderUpdateReq / EmapiOrderUpdateRsp.

P3 Private Orderbook Flow

# TypeOfEvent SubEventType SourceOfEvent]

1 UPDATE UPDATE USER

Public Orderbook Flow

#  TypeOfEvent

1 UPDATE

L1 Flow

Auction event: 2000 x 12.10 (1000 imbalance)

Order Cancel
Initial State Book is
BID OFFER
1000 x 12.09 (P1) 2000 x 12.10 (P2)
3000x 12.08 (P3) 5000 x 12.11 (P4)
Event Participant P2 cancels its order

EmapiOrderCancelReq / EmapiOrderCancelRsp.

P2 Private Orderbook Flow
(Cancelled Order)

# TypeOfEvent SubEventType SourceOfEvent

1 CANCEL CANCEL USER

Public Orderbook Flow

#  TypeOfEvent

1 CaNCEL

L1 Flow

Auction event: 0 x 0 (no execution possible)

www.tradeturquoise.com

70



TURQUOISE

7.9.2.4

Order Cancelled at end of Auction because of Valid Till Condition

Initial State

The order book is in auction state.

Book is

BID ‘ OFFER

1000 x 12.09 (P2) ‘ 2000 x 12.10 (P1)

t ™M @Xder is set to be valid until next automatch state

Event

The state changes to an automatch state.

P1 Private Orderbook Flow

# TypeOfEvent SubEventType SourceOfEven

1 CANCEL CANCEL SYSTEM
Public Orderbook Flow #  TypeOfEvent
1 OrderBookStateChangeEvent, Automatch
2 CANCEL (P1 order)
Orderbook State Change Automatch YES
Event Auction NO

Trade Halt Event

L1 Flow

INSERT BID 1000 x 12.09
(Resulting in 1000 x 12.@0 x 0)

7.9.3 Pegged Order
7.9.3.1 Order Insert Empty Orderbook
Initial State Empty Main Book
Event Participant P1 inserts a peg order to buy 1000 x 12.17
Request fails no events on any flow.
EmapiOrderinsertReq / EmapiOrderinsertRsp
P1 Private Orderbook Flow --
Public Orderbook Flow --
7.9.3.2 Order Insert
Initial State Book is.
BID OFFER
1000 x 101 (P2)
Event Participant P1 inserts a pegged bid order with
offset-100 and cap price 110.
EmapiOrderinsertReq / EmapiOrderinsertRsp
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P1 Private Orderbook Flow

# TypeOfEvent SubEventType SourceOfEvent

1 INSERT INSERT USER

Public Orderbook Flow

# TypeOfEvent

1 INSERT
L1 Flow INSERT BID 1000 x 100
Full Flow INSERT BID 1000 x 100

7.9.3.3 New Order Peg Recalculated
Initial State Book is.
BID OFFER
1000 x 101 (P2)
2000 x 100 (P1)
Event Participant P3 inserts a batder for 3000 at 105.
EmapiOrderinsertReq / EmapiOrderinsertRsp
P1 Private Orderbook Flow # TypeOfEvent SubEventType SourceOfEvent
1 UPDATE PRICE SYSTEM
RECALCULATE
Public Orderbook Flow #  TypeOfEvent
1 INSERT 3000 x 105
2 CANCEL 2000 x 100
3 INSERT 2000 x 104
L1 Flow INSERT BID 3000 x 105
Full Flow INSERT BID 2000 x 105
7.9.4  State Transitions
7.9.4.1 Closed-> Auction Phase
Initial State The order book is in inactive state.
Event The state changes to an auction state.

Orderbook State Change
Event

Automatch NO

Auction YES

Trade Halt Event
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7.9.4.2 Auction-> Automatch

Initial State The order book is in auction state.
Event The state changes to an automatch state.
Orderbook State Change Automatch YES
Fvent Auction NO
Trade Halt Event )

7.9.4.3 Automatch-> Auction

Initial State The order book is in automatch state.

Event The state changes to an auction state.

Orderbook State Change Automatch NO

Fvent Auction YES
Trade Halt Event )

7.9.4.4 Auction->Post Trade

Initial State The order book is iauction state.
Event The state changes to an inactive state.
Orderbook State Change Automatch NO
Fvent Auction NO

Trade Halt Event )

7.9.45 Automatch-> Halted

Initial State The order book is in automatch state.
Event The order book is halted.
OrderbookState Change Automatch YES
Fvent Auction NO
Trade Halt Event TRADE_HALT
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7.9.4.6 Halted-> Auction

Initial State The order book is in auction state, and halted.
Event The halt is lifted.
Orderbook State Change Automatch NO
Fvent Auction YES
Trade HalEvent TRADE_HALT_LIFTED

7.9.4.7 Automatch-> Post Trade (End of day)

Initial State Book is

BID ‘ OFFER

1000 x 12.09 (P1) ‘

tMQa 2NRSNJI A& asSd G2 0S8 ¢
current date.

Event The order book state changes to the state when expire
orders are deleted.
Orderbook State Change Orderbook obsolete YES
Automatch NO
Auction NO

Trade Halt Event

P1 Private Orderbook Flow # TypeOfEvent SubEventType SourceOfEvent

1 CANCEL EXPIRED SYSTEM

7.10 Quoting

The EMAPI supportsQuotingmessage type whicllowsordersto be placedn both the bid and
the ask side ofmore than one orderbookfrom within the samesequence streajin a single
message Key concepts are included below.

There aretireeA Y LJ2 NIislagédtiatédwilmanagingjuotes:

- Quote Replace Iy@oteReplaceld

EachQuotelnsertReds associated with a user defined quote replddeThisIDis used by the
system matcher when determining which quotes to replace according téoflmving formula:

1. For a given order book remove all residing quotes for the relevant member that have a quote
replacelDthat matches the one specified in the QuotelnsertReq .
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2. Insert new quotes for those where the relevant order book ID is specifiecki@tioteln