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UNSUPERVISED LEARNING I:
OVERVIEW OF TECHNIQUES
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uibuldnvtufstibsF!itqi fsjdbnboe!Frvbntj{fe-!xijdi!jtlopulbnxbzt!ui fidbtf/|Gvsui Fs!juljtItFotjujwf!
up'jojujbrj{bujpo!boe!pvurjfstiboe!sFrvjsftibltqfdjgjdbujpo!pgiui FlovncTs!pgldvtufst-!1/Gjobmz-!
I.nfbot!dvtufsjohldbo!efufdu!porz!divtufstiuibulbsFijofbsiz!tFgbsberf-hjnjujohljut!ivtfgvnofet!
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Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

GjhvsT2/1Bihpsjui n;!'1.Nfbot!Dnvtufsjoh

Jogvu;!EbubtfulY!Xjuilo!gpjout-lovncTs!pgldivtufst!1-'nbyjnvn!jufsbujpot

Pwvugvu;!Dnvtufsibttjhonfout!boe!dfouspjet

Cfhjo;

1. Initialize k centroids randomly:!p,-1us-1 U HW,

2. For iteration = 1 to max iterations:

a.

Gps!fbdi'ebub!gpjoulyjo!Y;

e! Dbrdvibuflejtubodflup!fhdi'dFouspje;'e)y;- ' gpsk>12lup!l

e! Bttjholyup!diptftuldfouspje;!d!>lbshnjo/le)y;lu*
Gps!fbdi!dnvtufsiki>12lup!l;

e/ Vgebufldfouspje;!u!>'Nfbo!pg!bmigpjout!bttjhofelup!divtufslk
JyldFouspjet!ibwflopu!dibohfe!tjhojgjdbounz;

o/ Csfbl!)dpowfshfodflbdijfwfe*

3. Output:!Divtufsibttjhonfout'boelgjobndfouspjet!)tFfExhibit 1*

Bo!bmufsobujwf!dnvtufsjoh!brhpsjui nluibulgspwjeftiblsFnfezluplui Fijnjubujpot!pg!l.Nnfbot!dvtufs.
johljtitgfdusbnldivtufsjoh-Ixijdi!jowpmwFtivtjoh!nbusjy!sfgsFtfoubujpot!pglgjojufthsbq i tljo!psefs!
uplefufsnjoflui Fitjnjrbsjuz!cfuxffolpctfswbujpot!jo!blebubtful)tFFIFigure 2*/\Joeffe-boz!tfu!pg!
pctfswbujpot!ps!tfulpgwFdupst!pg!pctfswbujpot!nbz!cFisFgsFtfoufe!jolhsbqijdbnlgpsn/! TgFdusbn!
dvtufsjoh!dboluivt!icFlwjFxFe!bt!b!hsbqi!gbsujujpolgsperfn-ljo!lxijdildivtufstidpssFtqpoelup!
dpoofdufelhsbqi!dpngpofout/

Ui flcbtjdljefbt!cfijoe!tqgfdusbndmnvtufsjoh!xfsfljouspevdfe!joljngpsuboulgbqgfsticz! I bm!)2:81*-!
Epobui'boe! I pggnbo!)2:84*boe!Gjferfs!)2:84*/\Gps!b! i jtupsjdbn pwswjfx!pg!tqgFdusbidmnvtufsjoh-!
tFFiTgjfinbo!boe!Ufoh!)3118*/'Tgfdusbrldnvtufsjoh!ibt!brtp!cffolbqgnjfe!jolgjobodf/Jo!gpsugpnjp!
nbobhfnfoulboelgjobodjbrlofuxpsl!bobnztjt-'tqgfdusbndnvtufsjoh!fydfirt!buljefoujgzjoh!hspvqt!pg!
dpssfibufe!bttfut-lefufdujoh!nbslfultfdupst!cbtfe!po!dpnarfy!joufsefgfoefodjft-boe!bobiz{joh!
tztufnjdisjtl!cz!sfwfbrjoh!lui flvoefsizjohlofuxpsl!tusvduvsFipglgiobodjbninbsIfut!x i fsflbttfut!
nbz!cfldpoofdufeluispvhiljoejsfdulsfibujpotijqtiuibu'bsflopulbggbsfouljolui FlpsjhjobnlgFbuvsT!
tgbdf/!IGps!fybnarf-Tjnpojbolboe! Xv!)312 : *Ivtfeltqfdusbndivtufsjohluplcvjielblsthjinf.cbtfe!
usbejohlnpefi/lUifzitipxfeluibului fjsigsbntxpslicpuilgspevdft!gsfejdujwinz! fggFdujwfinbdsp!
tjhobrt!boeldibttjgjft!isfhjnTtjo!bo!fdpopnjdbmz!jouvjujwf!xbz/olui Fislgsbnxpsl-thsbgildpn.
gpofout'bsfldpnqptfe!pgwfdupst-Ixjui!fbd i 'wFdups!dpotjtujoh!pg!sFtgfdujwfiwbnvFtigpsthspxui -!
jogrbujpo-'boe!nfwfsbhflgbdupst/

1jfsbsdijdbnidivtufsjoh!dsfbuft!blusFf.njIFltusvduvsTipgldivtufsticz!infshjoh!tnbmfs!dmnvtufst!
jouptbshfs!poft!)bhhnpnfsbujwf*psicz!tgnjuujohhbshfs!dnvtufst!joup'tnbmfs!poft!)ejwjtjwf*/!
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Votvqgfswjtfe!Mfbsojohl;!Pwfswjfx!pglUfdiojrvTt

Fyijcju!l2/\Dnvtufsjoh!Pvugvu) l.nfbot*

G
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[ ]
()
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66/1 -
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68/6 - °
o
69 67 65 63 1 3 5 7
Feature 1
® Divtufsi2 @ Divtufs!3 @ Divtufsi4 Dfouspjet

Tpvsdf;!Bmitzoui fujdlebubldsfbufelcz!bvuipy

GjhvsT!3/!Brhpsjui n;!TgfdusbnDivtufsjoh
1. Construct similarity matrix W:
o! Gps!fodi!gbjs!)j-Ik*;W\j-IkM>1Fyg\g 1y, ey d10) 363+
2. Compute degree matrix D:
o! D\j-ljN>IZWW\j-IA-ID\j-IkM>11 lgps!jis Ik
3. Compute normalized Laplacian:
ol Mopern! > D@ DIg WHGI D203

Find k smallest eigenvectors of L:w,-ws-1 Hw,

Form matrix V!>N\w,-lw,-I Hw, ") o!@! ! inbusjy*
Normalize rows of V to unit length

Apply k-means clustering to rows of V
Output:!Divtufsibttjhonfout

® N o o A
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Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

Bhhipnfsbujwf!ldnvtufsjoh!jtinpsfldpnnpolboe!xpsltiPcpuupn!vgp!czljojujbmziusFbujoh!fbdi!
ebub!gpjoulbt!b!tFgbsbufidnvtufsiboe!ui Foljufsbujwiiz!in fshjohlui FldiptFtulgbjs!pgldnvtufst!voui!
bm!gpjout!cfipohlup!b!tjohrfidivtufs!psibleftjsfelovncfs!pgldivtufst!jtisfbdi fel)tFflIFigure 3*/!

GjhvsT!4/'BhhnpnfsbujwF!Davtufsjoh!Bihpsjui n
Initialize:!Fbdi!gpjoulbtljut!pxo!divtufsIDI>!| |y,~!ys~! LH Yo~
Compute distance matrix D between all pairs of points
While |C| > 1:

a. Gjoe!dnptftulgbjsipgldivtufst!)D,-ID*vtjohjolbhflinfuipe;
o/ Tjohif;!njole)y-1z*!;lyle ID-1z!e D~
e/ Dpnaifuf;!nby|e)y-'z*;lyle ID-1z!e D~
e! Bwfsbhf;!nfbole)y-z*;lyle ID;-1zle ID~

b. Nfshf!D!boe!D/}joup'ofx!divtufs!D,!>!D,'UID,

c. Vgebuf'D!cz!sfnpwjoh!)D;-'D*boe!beejoh!D,

d. Vgebuflejtubodfinbusjy!Dlgpslofx!divtufs!D,

e. Sfdpse!nfshfljolefoesphsbn

4. Output:!Efoesphsbn!tusvduvsf)Exhibit 2*

Fyijcju!3/! 1 jFsbsdijdbn'Dnvtufsjoh!Efoesphsbn

71 4

61

al
=

Distance
N
P

w
=

21 A

) e e e, e, L

Opuf;!EjggfFsfouldpnpst!sFgsFtfoulejggfsfouldnvtufstibulejggfsfoulejtubodfldvupggt/
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Ui flbrhpsjui Nn!sfrvjsftiblejtubodfinfusjd!cfuxffolebub!gpjout!bt!xfmbt!bijo IbhF!dsjufsjpolup!
nfbtvsflejtubodft!cfuxFfoldivtufstOgps Fybnagnf-tjohrfjo Ibhf)Nnjojnvnlejtubodf*Idpnagrfuf!
fjolbhf)Nnbyjnvnlejtubodf*-lbwfsbhfljolbhf)bwfsbhflejtubodf*-!ps!Xbsenjo Ibhf!)Nnjojnj{ft!
Xjuijo.dvtufsiwbsjbodf*/

B!xfm. lopxo!jowFtunfoulbggndbujpo!pg! ijFshsd i jdbnidnvtufsjoh!jt! I jFsbsd i jdon Sjt1!Qbsjuz!) 1 SQ*-!
jouspevdfelczIMogT{lef!Qsbep!)3127*/! 1 SQvtFt!ijfsbsdijdbndntufsjohlupljogfsisfibujpotijgt!
cfuxffolbttfut-IxijdilbsFlui FolvtfelejsFdunz!gps!gpsugpnjp!ejwfstjgjdbujpo-beesfttjohluistf!
nbkps!dpodfsot!pg!rvbesbujd!pqujnj{fst;jotubcjnjuz-'dpodfousbujpo-boelvoefsqfsgpsnbodf/IUi f!
bggspbdi!efgbsutigspn!dibttjdbnnfbodbwbsjbodfpqujnij{bujpo!cz!vtjoh!bluisFf.tufqg!gspdFttiuibu!
pshboj{ft!ibttfut!joup!ijfsbsdijdbndnvtufsticbtfe!poluifjsidpsstibujpo!tusvduvst-IsFpshboj{ftiuif!
dpssfibujpo!nbusjy!bddpsejohlupluijtiusFFtusvduvsT-lboe!ui folbmpdbuft!dbgjubnsFdvstjwfizluispvhi!
ui flijfsbsdiz!vtjohljowfstFlwbsjbodFixxFjhiujoh!xjuijo!fbdi!divtufy

Bopui fslgspnjofoulufdiojrvfjtiECTDBO!)efotjuz.cbtfe!tgbujbndivtufsjoh!pgbggrjdbujpot!xjui!
opjtf*Iblefotjuz.chtfe!ldvtufsjohlbihpsjui nluibuhspvgtiuphfui fsigpjout!jo!ijhi.efotjuz!bsfbt!
xijrfinbsljoh!gpjoutjohpx.efotjuz!sthjpot!btiopjtf!psipvujfst-lnbljoh!julgbsujdvibsiz! fygFdujwf!
gps'ejtdpwfsjoh!divtufst!pg!bscjusbsz!tibgftiboe!tj{ft)Ftufs!Lsjfhfi-IThoefs!boe!YV!2: - 7*/IUi f!
bnhpsjui Nisfrvjsftiuxp!gbsbnfufst; ! Fgtjrpoe*-Ixijdilefgjoftiui Flofjhicpsippelshbejvt-lboe!
njojnvn!gpjout)NjoQut*-IsFrvjsfeluplgpsn'blefotFisFhjpo/ DpsFigpjout! i bwFlbulnFbtu!NjoQut!
ofjhicpstixjuijolelejtubodf-Icpsefsigpjout!xjuijolelejtubodfpgldpsFigpjout-lboelopjtFigpjout!
opu'nffujoh!fjui fs!dsjufsjpo/loldpousbtulup!l.NFfbot-'ECTDBO!epftiopulsfrvjsflbewbodf!tgfd.
jojdbujpo!pglui flovncTs!pgldivtufst!boe!dbo!jefoujgz!dnvtufst!xjuiljssFhvibs!t i bgft-Inbljohlju!
spcvtulbhbjotu!pvujfstiboelopjtf/lo!gjobodjbnbggndbujpot-'ECTDBO! fydfit!bulgsbve!efufdujpo!
czljefoujgzjoh!vovtvbilusbotbdujpo!gbuufsot-inbslfulbopnbiz!efufdujpo-boeldvtupnfsicTibwjps!
bobrztjt!x i fsflopsnbndivtufsjoh!brhpsjui nt!Nnjhiulgbjicfdovtfpglui FligsFtfodFipg!pvurjfst!ps!
opotqi fsjdbndnvtufsitibgftiuibulbsfldpnnpoljolgjobodjbriebublejtusjcvujpot/

Bo!fyufotjpo!pg! ECTDBO!jt!PQUIDT!)psefsjoh!gpjout!up!jeFoujgz!ui Fldmnvtufsjoh!tusvduvsF*-Ixijdi!
dsfbuft!bolpsefsjoh!pglebub!gpjoutiuibulsFgsftfoutiui flefotjuz.cbtfe!divtufsjoh!tusvduvst-Igsp.
wjejohlnpsflefubjifeljotjhiut!joup!dnvtufs!ijfsbhsdijftiboelwbszjohlefotjuz!sfhjpot!Xjuijolui f!
ebubtful)Bolfstu-!Csfvojh-ILsjFhfi-lboe!Thoefs!2: = - */IUi flbnhpsjui nldpngvuft!dpsflejtubodft!
boelsfbdibcjrjuz!ejtubodftigps! Fbd i !gpjou-ldstbujoh!b!sfbd i bejjuzignpulu i bulwjtvbn{ftiui fldivtufs.
joh!tusvduvsfibdspttlejggfsfoulefotjuzluisFtipret-bmpxjoh!bobnztut!up! fyusbdu!dmnvtuFstibulnvij.
grfitdbrft!xjui pvultgfdjgzjoh!gbsbnfufst!jolbewbod /Ui jt!ijfsbsd i jdbnbggspbdiljt!gbsujdvnbsnz!
wbnvberfix i Folefbnoh!xjuildivtufst!pgiwbszjohlefotjujft!psloftufe!dnvtufst!psixi Folui Flpqujnb
dnvtufsjoh!gbsbnfufst!bsflvolopxo!cfdbvtfljulgspwjeftibldpngsFi fotjwFlwjfx!pglui flebubit!
efotjuz!tusvduvst/lo!ijhi.ejnTotjpobngjobodjbriebub!bobiztjt-!PQUIDT!gspwft!jowbnvberflgpstjefo.
ujgzjohldpnarfy!nbslfultusvduvsft-lefufdujoh!nviujtdbrflgbuufsot!jolusbejoh!ebub-lboe!bobnz{joh!
qpsugpnjp!dpsstrbujpot!x i FsFlusbejujpobndivtufsjoh!nfui pet!njhiulnjttjngpsubou'tusvduvsbnlsfb.
ujpotijgticfdbvtfipglwbszjohlefotjuz!gbuufsot!gps!ejggFsFoulnbslfuldpoejujpot!psiujnfligfsjpet/

Bggjojuz!gspgbhbujpo!)BQ*-ljouspevdfelcz!Gsfz!boe! EvFdl!)3118*!cfipohtiup!ui Flgbnjiz!pg!
hsbqi.ui fpsfujd!divtufsjohlufdiojrvftiboe!jticbtfe!polui fldpodfqu!pg'Pnfttbhfigbttjohp!
)Né{bse!3118*cfuxftfolui fldboejebuflnfncfst!pg!b!dnvtufsiuibuldpoujovFtivoujifbdi!dboejebuf!
jtitvggidjFounz!jogpsnfeluplkpjolui Flbggspgsjbufdivtufy!BQ!cFhjot!czinfbtvsjohlui Flitjnjmbsjuz-!
t)i-lk*-IcfuxffolwFdupst-Ixijdi!sFgsFtfoutiui Fitjnjbsjuz!pgwFdups!klupwdups!i/ITinjibsjuz!jtinfb.
tvsfelcz!b!nfusjd!di ptfolczlui Finpefilcvjiefs)f/h/-IFvdijefbolejtubodF*/
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Ui flcbtjdjoqvulup!BQ!jt!b!sFbn.wbnvFelovncfsit)k-k*-IdbmFe!b!gsfyfsFodf-lgps!Fhd i !pctfswbujpo/!
Pctfswbujpot!xjuiibshfsigsfgfsfodfiwbnvFt!bstinpstijlfzlup!cfitfifdufe!bt!divtufsidfoufst-Ibrtp!
lopxo!btifyFnarbst/! I pxfwfs!divtufsitfifdujpo!jtiblgvodujpo!pglopulponz!gsfyfsfod ! tj{f cvu!
brtplui Fluxp!Nnfttbhf.gbttjoh!pgfsbujpotiuibulbsFlui FiFttFodFpglui FIBQ!bnhpsjui n/IUi FlgjstuO
ui FisFtgpotjcjjuz-'s)i-lk*Ojtibinfttbhflusbhotnjuufe!gspn!pctfswbujpolilup!bldboejebuf! FyFnarbs!
KluibulfygsFttftiui Fltvjubcjnjuz!pg'pctfswbujpolk!bt!bo!fyFnarbslgps!pctfswbujpo!ithjwfolui Fitviju.
bejnjuz!pg!pui Fsldboejebuf! fyFnagnbst/!Ui FlitFdpoeOui Flbwbjibcjnjuz-b)i-lk*O'xpsltljolui Fipqgptjuf!
ejsfdujpo!boeljtitfoulgspn!bldboejebuf!fyFnabs'klup!bo!pctfswbujpoli/!Bwbjibejnuz! fygsFttft! i px!
bggspgsjbufjulxpwvie!cTligpsipctfswbujpoliluptfrfdulpctfswbujpolk!bt!jut! fyfnagmbs!hjwfolui FIfyjtu.
johltvqgpsuluibulpctfswbujpolk!ibtlgspn!pui fs!pctfswoujpotiup!tFswilbtibo!fyFnagiby!Ui FIBQ!
gspdftticthjoticzljojujbn{johlui flbwbjibcjnjujFtiup!{Ffsp-Ib)i-lk*!>11-boelui fo!gspdffetiup!dpngvuf!
ui fisftgpotjcjjujftivtjohlui figpmpxjoh!svif;

CrE NI L N L] Y
! s)i-k*=)i-k*! k'l;-l]u/t?)iklb)l K™+ t)i-k"*~/! )2
Ui Fligpmpxjohlgpsnviblui Folefufsnjoft!xifuifslbo!pctfswbujpoljtiblhppe!fyfnaibs;

! b)i-k*=njo{l—s)k-k*+2!nby||1-s)i’-k*~~!}! )3*

i t/i'# ik~
Ui FIPtfig. bwbjibcjnjuzp!pglbo!pctfswbujpo!jtifyqgsFttfe!bt!gpmpxt;

! b)i-k* = X nby || 1-s)i’-k*~~ )4+

i"th/i"=k

Bol!jowftunftoulbqagndbujpo!pg!BQljtigsFtfoufelcz!Tinpojbo!)3131*Ixip!vtfeljulup!efufsnjoflui f!
rfwfilpglejwfstjuz!xjuijo!bltfulpgljowftunfou!tjihobrt/!Up!dibttjgz!tjhobnt!bddpsejohlup!ui Fjs'tub.
ujtujdbnigsfejdujwFigspqfsujft-lui Flbvui psigptjufe!bwfdups!dpotjtujoh!pgljogpsnbujpo!dpfygjdjfoul
)ID*IboeliDwbsjbodFlwbnv ftljowbsjpvt!sFhjnf.tqfdjgjd!tvctbnarftibtljoqvut!joup!ui flidmnvtufsjoh!
brihpsjui N/IVtjoh!BQjoluijt!nboofsibmpxtivtiupthbjo!b!nviujejn fotjpobnwjfx!pg!jowftunfoul
tjhobnlejwFstjuz-Ixjui!Fbd i InfbtvsfFigspwjejoh!jogpsnbujpo!po!blejggFsFoulbtgfdulpglgsFejdujwf!
fogFdujwFoftt/

Cluster Evaluation Techniques

Bui pvhi!nboz!divtufsjoh!brhpsjui ntisFrvjsfigptjujohlui flovncfs!pgldivtufst-lufdiojrvit! ibwf!
cffolefwhipgfeluibulbmpx!lui Fivtfsiuplefufsnjoflui Finptu'tvjuberfldivtufsjoh!td i Fnf/IUxp!
ufdiojrvftljo!gbsujdvibs! i bwFlcFdpnFlgpqviby!U i Flgjstuljtiui Fitjni pvTuufltdpst-'boljoufsobnldnvt.
ufsjoh!fwbnvbujpo!nfusjdiui bulnfotvsft! i px!tjnjbs! Fodi!gpjou!jtiup!gpjout!jo!jut!pxo!dvtufs!
dpngbsfe!xjui!gpjout!jo!pui fsldnvtufst-lgspwjejohlcpui!joejwjevbngpjoultdpsttiboe!bo!pwfs.
bmldnvtufsjoh!rvbrjuz!nfhtvsF/IGps!Fbdilebub!qpjou-lui fitjni pvFuufldpfygjdjFouljt'dbndvrbufe!bt!
)clgb*0nby)b-lc*-Ix i fsfibljtiui finfbolejtubodflup!pui Fsigpjout!jolui Fitbnfldnvtufs!)jousbdnvtufs!
ejtubodf*boe!cljtiui Finfholejtubodflup!gpjoutljolui FlofbsFtulofjhicpsjoh!divtufs!)joufsdivtufs!
ejtubod /Ui Fitjni pvFuuf!dpfygjdjfoulsbohftigspn!s2lup!2/WonvFt!diptflup!2!joejdbufluibului F!
gpjouljtixfmnbudi felup!jut!dnvtufsiboelgppsizinbudi felup!ofjhicpsjoh!dnvtufst-wbhnvFt!bspvoe!l!
tvhhftuluibului figpjouljt!po!psiwfsz!diptFluplui Flefdjtjpolcpvoebsz!cfuxffoldivtufst-Iboe!
ofhbujwFlwbrvFtjoejdbufluibului FigpjoulnjhiulibwflcFfolbttjhofeluplui Fixspoh!divtufy

Ui finbui fnbujdbnigpvoebujpo!pglui Fitjni pvTuufitdpsFistijftipolejtubodf.cbtfeldpi ftjpo'boe!
tfgbsbujpo!nfbtvsFt/!IGpsib!gpjouljljoldivtufsiD-lui Fljousbdivtufslejtubodf-Ib)j*-IsFgsFtFoutlui f!
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bwFsbhflejtubodflcfuxffo!gpjouljlboe!bmpui fsigpjout!jolui FitbNnFldivtufs!infbtvsjoh!dmnvtufs!
dpiftjpo/iUifljoufsdivtufslejtubodf-Ic)j*ljtiui Finjojnvn!bwFsbhflejtubodflgspn!gpjouljlup!gpjout!
jolboz!pui fsldivtufs!nfbtvsjoh!divtufsitfgbsbujpo/!iU i fitjni pvFuufldpfggjdjFou-1t)j*!>Nc)j*g!b)j* 0
Nnby\b)j*-!c)j*-Igspwje Ft!blopsnbrj{fe!nfbtvsFluibu!cbrbodft!dpi Ftjpo'boe!tFgbsbujpo-xjui!
ijhifsiwbnvft!joejdbujoh!cfuufsidnvtufsjoh!rvbmjuz/

Ui fitfdpoe!gpgvibs!divtufsifwbnvbujpolufdiojrvT-lui fIBekvtufe!Sboelloefy!)BSH*-ljouspevdfe!
cz!lvcfsulboe!Bsbcjf)2: 96*-Icvjiet!polui Finfbtvsfljouspevdfelcz!Sboe!)2 : 82*Iboeljtibinpsf!
fyqgnjdjunz!gspcbceijnjtujd!nfbtvsFipgldivtufsivojrvfoftt/IUxpljngpsubould i bsbdufsjtujdt'ejtujohvjti!
bo!BSiwbnvFlgspn!b!tjni pvfuufltdpsF/IU i Flgjstuljtiui bulb!SboeloefywbivTljtisfibujpobn/ X i fsfbt!
bltjni pvFfuufltdpsFiufimt!vt!i px!ujh iulb!gbsujdvibs!divtufsjoh!td i fnfljt-lbo!BSiwbivfisbohft!
gspn'2lup!s2iboelufmtivt! i px!tjnjibsluxp!divtufsjoh!td i FnftibsF/!Blwbnvfipg! 1lsFgsFtfout!iuxp!
joefgfoefouldivtufst-lboe!bwbnvF!pgl2!sFgsFtfout!jeFoujdbndmnvtufst/!OFhbujwFwbnvft!joejdbuf!
Xpstf.uibo.shoepn!divtufsjoh/!Bddpsejohiz-lui FitFdpoe!ejtujohvjtijoh!dibsbdufsjtujd!pglbo!BS)!
whnvFljtlui bulnpxFsiwbnv Ftljoejdbufinpsfivojrvfigbjst!pgldivtufsjoh!td i fFnft/!Ui Finfusjd!jt!gbsujd.
vibsiziwbivberflcfdbvtfljulbekvtutigpsiui Fifygfdufe!tjnjmbsjuziuibulxpwvie!pddvs!cz!dibodflbnpotf-!
nbljohljulnpsFistijbcrfluibolui ficbtjd!Sboelloefy!x i foldpngbsjoh!divtufsjoht!xjuilejgfsfou!
ovNncTst!pgldivtufst!ps!ixifolefhnoh!xjui!jncbibodfe!dntufs!tj{ft/

Ui finbui fnbujdbnlgpvoebujpo!pglui FlpsjhjobnShoelloefy!cFhjot!xjuilui Fldpoujohfodz!ubcrf-!
xijdildsptt.ubcvibuftiui fldnvtufsibttjhonfoutlgspnluxplejgfsfouldvtufsjoht/!Hjwfoluxp!dvt.
UFSjont!VIS! V-V 1 HV ~lboe WIS Wo-IW,-1 U HW,~-lui Fldpoujoh fodz!uberf! Fousz!oylsFgsFtFout!ui f!
ovncfs!pg!pckfdutiuibulbsfljolcpui!divtufs!V lboe!divtufs!w/IUi FiSboelloefy!jtidbidvibufe!cz!
dpvoujohlui flovncfs!pg!gbjst!pg!pckfdutiuibulbsF!fjui fsljolui Fitbnfldivtufsijo!cpui ldivtufsjoht!
pstjolejggfsfouldnvtufstjolcpuildivtufsjoht!boelejwjejoh!cz!ui flupubrnlovincfs!pglgbjst/iUijtisbx!
nfbtvsflepftiopulbddpvoulgpsiui Fifygfdufe!bhsFfnfouluibulxpwie!pddvs!cz!ishoepn!dibodf-!
ipxfwfsIxijdiljtixifsflui flbekvtunfoulcfdpnftidsvdjbi/!Ui finbuifnbujdbnigpsnwviblgps!BS)!
dbo!cfifygsfttfe!bt!BS)I>)S)igFygfdufeg*0\nby)Si*s!Fyqfdufeg - i FsFIS)jtlui FISboelloe Fy-!
Fygfdufegjtiui Fifygfdufe!wbnvFipglui FiSboelloefy!voefsiui Flovm izgpui Ftjt!pglsboepn!divtufs.
joh-boe!lnby)S*jtiui Finbyjnvn!gpttjcrflwbnvFipglui FISboelloefy/IUijtbekvtunfou! FotvsFtiuibu!
ui Fifygfdufe!wbnvFpg!BS)jti{fsp!x i foldnvtufsjoht!bsFfljoefgfoefou-INnbljoh!julb!npsfljoufsgst.
ubcrflnfbtvsfluibolui flsbx!Shoelloefy/

Dimension Reduction Techniques

Gjobodfljt!blebub.esjwfo!Foufsqgsjtf/oeffe-lui Fiti Ffs!itj{fpg'ebub!gspdfttfelboelui FlovncTs!
pg'wbsjberft!dpotjefsfe!jolgjobodjbnbqarjdbujpot!nbz!bulujn ftluftului Fiijnjut!pg!nbui fnbujdbn!
npefit'boeljogpsnbujpo!ufdiopnphz!jogsbtusvduvst/IHjwFoluijt!ghdu-'sFevdjohlui Flejnfotjpot!
pg'blgsperfn!xi folgpttjerfljtibldsjujdbnbtgfdu!pglboz!jowftunfou!gspdftt/

Qsjodjgbnidpngpofou'bobrztjt!)QDB*jt!blejnfotjpo!sFevdujpolufdiojrvFluibulibticffolvtfe!jo!
giobodflgpsinboz!zfbst!)Qfbstpo!2: 12< I pufmjoh!2: 44*/\QDBlusbotgpsnt!ijhi.ejnfotjpobiebub!
joup'blipx<fs.ejnfotjpobitgbhdfixijfligsFtFswjoh!Nnbyjnvniwbsjbodf/!IQDB!xpslt!cz!gjoejohlui f!
gsjodjgbnidpngpofout-Ixijdi!bsflpsui phpobnlejsFdujpot!jolui FlgFbuvsFitgbdfluibuldbquvsflui !
nptulwbsjbodFljolui Flebub/!U i flbnhpsjui nldpngvuftiui FldpwbsjbodfiNnbusjy!pglui Flebub-lgfsgpsnt!
fihfoefdpngptjujpoluplgjoe!FihfowFdupst!)gsjodjgbndpnqgpofout*boe!fjhfowbnvft!)wbsjbodf!
fyqgibjofe*-lboelui fo!gspkFdut!ui flpsjhjobnebub!pouplui fltgbdfltgboofe!czlui flupqg! 1! fjhfowfd.
upst)tffiFigure 4*/\Uijthjofbslusbotgpsnbujpo!dsfbuftivodpsstibufelgfbuvsftipsefsfelcziui f!
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GjhvsF!5/!1QDB!Bihpsjui N

Center the data:!Y o0 > YIEINThO) Y*

Compute covariance matrix: C!>N\20)0!g!2*MBY yroursre ' D'Y sroutste
Perform eigendecomposition: C!>IV!ZIAI@IVY

o! V;!fjhfowfdupst!)gsjodjgbrdpnqgpofout*

o! A;!fjhfowbnvFt!)wbsjbodfifyqibjofe*

Sort eigenvectors by decreasing eigenvalues

Select top k eigenvectors:!X!>IV\;-11; I

Transform data:!Z!>!Y groupere! 012X
Output:!Z-IX-Ifyqibjofe!wbsjbodFisbujp

N~ o o A

bnpvou!pgwbsjbodflui fz!fyqgnbjo-!nbljoh!QDB!qgbsujdvibsizvtFgvnlgpsiebub!wjtvbnj{bujpo-'opjtf!
sfevdujpo-boelgfbuvsT!fyusbdujpoljolgsFgspdfttjoh!gjgfjoft/

Qfsibgtiui Finptulxfm. lopxo!fybnarf!pg!blgjobodjbnbqarjdbujpo!pyg!'QDB!bggfbst!jolui flefdpn.
gptjujpo!pglui FizjfieldvswFcz!Mjuufsnbo!boe!Tdi fjolNnbo!)2: - 2*/\Ui Fjslbqanjdbujpo!pg!QDB!
jowpmwFt!dpotusvdujoh!b!nbusjy!xi fsFifbdi!spx!sFqsFtfout!b!tgfdjgjd'ebuflboe!fbdi!dpnvnolsfq.
sFtfout!zjfiet!bulejggFsFou!nbuvsjujft!)tvdi!bt!4.Nnpoui-I7.Nnpoui-12.zfbs!3.zFfbs!6.zFbs!121.zFbs!
boe!41.zfbslsbuft*/!IQDBlui folefdpngptftiui fizjfie!dvswfebub!joup!psui phpobrdpngpofout!
sholfelczlui fjsifygmbobupsz!gpxFy!lUifjsituvez!)boe!pui fstiuibulgpmpxfe*!sfwfbrfeluibuluistf!
gsjodjgbnidpnqgpofout!fygibjo!bqgspyjnbufiz! : 6 &6: : &!pg'zjfieldvswF npwfnfout;

o! Gjstulgsjodjgbndpnqgpofou)rfwfi*;!Uijt!dpngpofouluzgjdbmz!bddpvout!gps!91&6: 1 &!pglui !
whsjbodfiboe!sFgsFtfout!gbsbmfultijout!jolui Fizjfre!dvswE/! X i Foluijtigbdups!npwft-lbmlzjfiet!
uFoelup!npwflvg!pslepxoluphfui fsicz!tjinjibslbnpvout/IUi jticFibwjps!sfgrfdut!cspbe!npof.
ubsz!qprjdz!d ibohft-ljogibujpo!fyqgfdubujpot-!psthfofshnfdpopnjd!dpoejujpot/

e! Tfdpoe!gsjodjgbndpngpofoul)trppgf*;!IFygibjojoh!spvhinz!6&626&!pgwbsjbodf-luijtidpn.
gpofouldbquvsTtiui FltuFFgfojoh!psigibuufojoh!pglul Fizjfie!ldvswk/NulsFgsFtfout!ui Fltgsfbe!
cfuxffolnpoh.ufsn'boe!tipsu.ufsn!sbuft-Ipgufolsfyfdujoh!fygfdubujpot!ibcpvulgvuvst!
npofubsz!gpnjdz!psifdpopnjdthspxui/

e! Uijselgsjodjgbndpngpofou!)dvswbuvsf*;!Bddpvoujohlgps!2&66 & !pgiwbsjbodf-luijt!dpngpofou!
dbquvsft!dibohft!jolui Fidvswiit!'dpowFyjuz!ps!Pcpxp! t i bqf/NulsFgrFdut!sfibujwfnpwfnfout!
jolnfejvn.ufsnisbuftidpngbsfe!xjui!tipsu.lboehpoh.ufsn!sbuft-Ipgufolstibufelup!nbsiful
fygfdubujpot!becpvuljoufsnfejbuf.ufsn!fdpopnjd!dpoejujpot/

Bopui fs!lgpgwvibslejnfotjpolsFevdujpolufdiojrvFijtiu.ejtusjcvufe!tupdibtujdlofjhicps!
fncfeejoh)u. TOF*IblgpxTsyvilejnTotjpo!sFevdujpo!ufdiojrvFiuibuldbo!cflvtfelup!wjtvhbn{f!
ijhi.ejnTotjpobnebubljo!bnpxfs.ejnfotjpobntgbdf-luzgjdbmz!3E!ps!4Ewbo!efs!Nbbufo!boe!
1joupo!3119*/lu!jtigbsujdvibsiz!FygFdujwTlgpsiFygnpsjoh!dpnqify!ebubtfut!boe!jefoujgzjoh!dnvtufst!
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GjhvsF!6/Iu. TOF!Bihpsjui N
1. Compute high-dimensional similarities:
e! Gps!fodi!gpjouly;-'dordvibuf!dpoejujpobilgspchejiujft;a,, !> fyq)sily,'elyd*0363+0
Z1Sjifyg)ehy ety 1030
o/ Tznnfusi{f;!q,>)qy,!,'q;-030
2. Initialize low-dimensional embedding:
e! Sboepniz!gibdflgpjout!zjolubshfulejnfotjpobiitgbdf
3. Iterative optimization: For each iteration, compute low-dimensional similarities:
o/ Vtflu.ejtusicvujpo;!ry!>2!, 1z lsiz 130X 15m)2!, z,!g !z 113+
Dbndwvrbufthsbejfou;
o! Njojnj{fLvmchdIemMfjcifs!)LM*lejwFshfodf;!LM)Q}}R*!>!Z,!g;nph)q;0r;*
e! Hsbejfou;!ZD0Zz/!>!I5%))q,lg!r*)zlg!z)2!, Nzl zjP*e
Vqgebuflgptjujpot;
e! Bqqiz'hsbejfouleftdfou!xjui!npnfouvn!up!npwfigpjout'z,
4. Output:!Gjobipx.ejnTotjpobnfncfeejoh!Zz

ps!'gbuufsotiuibu'njhiulopulcflibggbsfouljolsbx!ebub/lJo!gjobodF-lu. TOF!dbo!cFlbggnjfe!lup!bobnz{f!
boewjtvbn{finbslfultFhnfoubujpo-'tvdi!bt'hspvgjoh!tupd I t!psibttfut!cbtfe!polui fjs!ijtupsjdbn!
qgfsgpsnbodf-Isjtlgspgjrft-ps!pui FslgFbuvsFt/\Ui Flbnhpsjui Nnlgpsiu. TOFIbggfbstljo!Figure 5/

Up!gspwjefibltvgfswjtfeldpvoufsqpjou-Ixfinfoujpolijofbslejtdsinjobou'bobiztjt)MEB*-Iblufdi.
ojrvfluibulgjoethjofbsldpncjobujpot!pglgfbuvsttiuibulcftultfgbsbuflejggfsfouldibttft-Inbljoh!jul
gbsujdvabsnzvtFgvnigps!dibttjgjdbujpo!gsFgspdFttjoh!)Gjtifs!2 - 47*/'MEB!dbo!t Fswflbt!blgpxFfsgvn!
dnbttjgjdbujpo!uppnijolgjobodjbnbqarjdbujpot-!gbsujdvibsizigps!je Foujgzjohlusbejoh!tjhobrt/lo!dsFeju!
sitllnpefijoh-IMEB!dbo! i fig!tfgbsbuf!cpsspxfstljoup!ejtujodulsjtI!'dbufhpsjftivtjoh!gjobodjbn!
sbujpt!boe!pui FslgsFejdujwFiwbsjberft-lpqujnj{johlui fjofbs!/dpncjobujpo!pglgFbuvsFtiuibulcftulejt.
dsjnjobuft!cfuxffolefgbviulboelopoefgbviu!dbtft/\Gps!brhpsjui Njdlusbejoh-IMEB!dbo!cflvtfelup!
dnbttjgz!nbsIfuldpoejujpot!joup!cvmjti-lcTbsjti-!pslofvusbnsFhjnfticbtfe!po!ufdiojdbnjoejdbupst!
boe!nbslfulNjdsptusvduvsfiwbsjbcrft/

Bopui fsliufdiojrvf-ljoefgfoefouldpngpofoulbobnztjt!)DB*Ibttvnftiuibu'ebub!bsfihfofsbufe!
cz!njyjohljoefgfoefoultpvsdfitjhobnt!boe!buufnqutiup!sFdpwslui Ftflpsjhjobnjoefqfoefoul
dpngpofout-INbljohljulwbnvbenflgps!crjoeltpvsd FlitFgbsbujpolgsperfntitvdilbtibvejp!tjhobnlgsp.
dfttjoh!)Dpnpo!2: : 5<Cfmboe! TFopxtlj!2: - 6*/IDB!jtui FsFypsFivtfgviljo!gjobodjbnbggndbujpot!
uibulsFrvjsflcnoeltpvsdfltFgbsbujpo-gbsujdvibsizljoljefoujgzjoh!joe FgFoefou!nbslfulgbdupstigspn!
njyfeltjhobrt/!Gps!fybnanf-ljo!nviujbttfulgpsugpnjp'bobnztjt-UDB!tFgbsbuft!sfuvsot!joup!joeT.
gfoefouldpngpofoutiuibulnbz!sFgsftfoulejggFsfoulfdpopnjdigbdupst!)jogibujpo-thspxui-tfou;.
nTourluibulbsflopulejsfdunz!pctfswberflcvulesjwibttfulgfsgpsnbodf/IGpslijhi.gsFrvfodz!lusbejoh-!
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IDBlifigtjtpibufihfovjoflgsjdfitjhobnt!gspn!nbslfulopjtficz!jefoujgzjohljoefgfoefoultpvsdft!
pglgsjdfnpwFnfou/!Ui flufdi ojrvEjtigbsujdvibsiziwbivbenrfljo!lfn fshjoh!nbslfut-!x i fsFlusbej.
ujpobrigbdupsinpefitinbz!opulbggnz-lcfdbvtFIDB!dbo!ejtdpwfsidpvousz. tqfdjgjd!psitFdups. tgfdjgjd!
joefgfoefoulgbdupstiuibuljognvFodFibttfulsfuvsot!xjui pvulsFrvijsjohlgsjpsibttvnqujpotibcpwvul
gbdups!tusvduvsf/

Deep Learning Approaches

Bvupfodpefstibsflofvshilofuxpsltieftjhofelupnfbso!fygjdjFoulebub!sFgsFtfoubujpot!jo!bo!
votvgfswjtfe!nboofs!czlusbjojohlui Flofuxpsliup!sFdpotusvduljut!joqvulebub!) I joupo!boe!
Thrblivuejopw!3117*/!Uiflbsdijufduvsfldpotjtut!pg!bo!fodpefsluibuldpngsfttftiui Fljogvuljoup!b!
npx<Fs.ejnfotjpobnbufoulsFgsFtfoubujpo!boe!blefdpefsiuibulsFdpotusvdut!ui F!psjhjobnjoqvulgspn!
uijtldpngsfttfelsfqsFtfoubujpo/!Ui Flofuxpsl!jtiusbjofelup!njojnj{FfisFdpotusvdujpo!Fssps!xijdi!
gpsdft!julupnfbso!nthojohgwvilgFbuvsFtiuibuldbquvsFlui Finptuljngpsuboulbtgfdut!pglui flebub/!
Bagndbujpot!pg!fodpefstjodiveflejnfotjpobijuz!sfevdujpo-lefopjtjoh-lgFbuvsFirfbsojoh-lboe!ebub!
dpngsfttjpo/IUi Flbnhpsjui Nnlgpsibvupfodpefst!jt'tipxoljo!Figure 6/

Whsjbujpot!pgltuboebse!fodpefstljodiveflefopjtjoh!bvupfodpefstiuibulrfbsolup!sFdpotusvduldrfbo!
ebublgspn!dpssvqufe!joqvut-lwbsjbujpobnbvupfodpefst)WBFt*luibulrfbso!gspcbejnjtujdhbufoul

GjhvsF!7/\Bvupfodpefs!Bihpsjuin

1. Initialize networks:
FodpeTs;!0roq)Y<!0sa 1= {!IX]ju Igbsbn fufst!O;,,
Efdpefs; o) {<!0.s*1 =g IXjuii lgbsbnFufst!O,¢,
2. Training loop (for each epoch):
Gps!fbdi'nNjoj.cbudi;
Gpsxbselgbtt;
Fodpef;{!>10¢,4)y<'0,s* Odpngsfttijoqvuluphbufouldpef
Efdpef;!g!>10.1){<!0.s*OsFdpotusvdulgspnibufou!dpef
3. Loss computation:
Sfdpotusvdujponptt;M>Hyls! gl nfbo!trvbsfe! fssps*
4. Backward pass:
Dpnqgvuflhsbejfout!xjuilsFtgfdulup!cpui!ofuxpslt;! VO M-V M
Vaebuf!fodpefs;! ¢4 <1054' 1tV Os, M
Vaebuflefdpefs;!0, ¢! <"10.¢,! S0tV O M
5. Output:!Ushjofe!fodpefs!boelefdpefsiofuxpslt
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sfgsftfoubujpot-lboe!tgbstFlbvupFfodpefstiuibu!fogpsdfitgbstjuz!dpotusbjout!polui flijeefolibzFs!
bdujwbujpotiupnfbso!npsfljoufsgsfubcrflgfbuvsTt!)Ljohnb!boe!Xfmjoh!3125*/1Vonj I flusbejujpob!
bvupfodpefst-Ixijdildpngsfttiebubljoup!blefufsnjojtujdibufoultgbdf-'WBFt!npefilui fibufoul
tgbdflibtiblgspcbciijuz!ejtusjcvujpo!)uzqjdbmz!Hbvttjbo*/!Uijtigspcbejntujdibqgspbd i lbmpxt!WBFt!
up!'hFfofsbufisFbnjtujd'tzoui fujdlebublcz!tbnagnjohlgspn!ui FinFbsofelibufoulejtusjcvujpo/WBFt!dpo.
tjtulpgluxp!nbjo!dpngpofout;

e! Fodpefs;INbqgtljoqvulebublup!blibufoultgbdficz!rfbsojohlui figbsbnfufst!)nfbo!boe!wbsjbodf*!
pg'blgspcbcejnjuz!ejtusjcvujpo

o/ Efdpefs;!Sfdpotusvdutiuifpsjhjobnebublgspn!tbnarftiesbxolgspnlui Filbufoulejtusjcvujpo

Ui flIfzljoopwbujpo!pg'WBFt!jtiui FivtFlpgiwbsjbujpobnjogfsFodf-Ixx i FsFlui Finpefilnfbsot!biibufou!
ejtusjcvujpoluibuldbquvsFtiui Flvoefsizjoh!tusvduvsF!pglui Flebub/!U i Flusbjojoh!gspdFtt!jowpmwFt!
njojnj{joh!bhpttigvodujpoluibuldpncjoftisfdpotusvdujpo!fssps!) i px!xfmiui flefdpefs!sfdpo.
tusvdutlui Fljogvu*lboelblsFhvibsj{bujpolufsn!) i px!diptflui Finfbsofelbufoulejtusjcvujpoljtiup!
b!gsjps!uzgjdbmz!bltuboebselopsnbilejtusjcvujpo*/!Fybnagrft!pg! i px!WBFt!bsfivtfe!jolgjobodf!
jodivefltzoui fujdlebub!hfofsbujpolgpsiuftujohlusbejoh!tusbufhjft!ps!tusftt.uftujoh!npefit-lvodpw.
Tsjoh!nbufoulgbdupst!esjwjoh!bttfulgsjdft!psinbsIfulcfibwjps!boeljefoujgzjohlvovtvbngbuufsot!jo!
gjobodjbnlebub!cz!dpngbsjoh!sfdpotusvdufe!ebub!xjui!ui f!psjhjobnjoqvu/

Bopui fslbrihpsjui nivtfelup!hfofsbuf!tzoui fujdlebubljt!lopxo!bt!b!hfofsbujwfbewfstbsjbnofu.
XpsIHBO<!Hppegfmpx-1Qpvhfu.Bcbejf-INjs{b-1Yv-IXbseT.Gbsifz-!P{bjs!Dpvswjmf-boe!Cfohjp!
3125*HBOt!bsfbldibtt!pg'hFofsbujwFlnpefirtiuibulvtfblhbnf.ui Fpsfujdigsbnxpsliuplrfbsolboe!
hfofsbuflofx!ebubluibulnjnjdluiflejtusjcvujpo!pg!b!hjwfolebubtfu/!HBOt!dpotjtulpgluxplofvsbi!
ofuxpslt;

e! Hfofsbups;!Dsfbuft!tzoui fujdlebublgspn!sboepn!opjtf-lbuunfnqujohlup!njnjdiui fisfbrlebub!
ejtusjcvujpo

e! Ejtdsjnjobups;'Ejtujohvijtifticfuxffo!sfthriebubgspn!ui flebubtfu*lboelgblflebub!)gspevdfe!
czluiflhfofsbups*

Ui flhfofsbups!boelejtdsjinjobups!bsFlusbjofeltjinviubofpvtizljolb!{fsp.tvn!hbnF; Ui flhfofsbups!
buunfFnqutlup!Pgpprplui Flejtdsjinjobups!cz!gspevdjoh!sfhnjtujd!ebub-lboe!ui flejtdsjnjobupslusjFtiup!
dpssFdunz!jefoujgz!sFonwFstvt!gb Iflebub/!PwFs!ujn F-lui Flhfofsbups!jngspwit!jut!bcjjuz!up!dsfbuf!
sthnjtujd!ebub-boelui Flejtdsinjobupsicfdpnft!cfuufs!bulejtujohvjtijoh!sFbnlgspn!gb I/ X i Folui F!
HBO!dpowfshft-lui Flhfofsbups!gspevdftiebubluibulbsfljoejtujohvjtiberflgspnlui FisFbrlebub/!
HBOt!bsfIxjefiz!vtfe!jolgjobodFlgpsiubtltiuibuljowpmFhfofsbujoh!sFhnjtujd'tzoui fujd!ebub-'Nnpe.
fjoh!dpnarfylejtusjcvujpot-boeltjnvibujoh!nbslfultdfobsjpt/! Tinpojbo!)3135*eftdsjcft!i px!
ui Fltzoui fujd'ebub'hfofsbufe!cz!HBOt!dbo!cFivtfe!jolui Finpefiwbijebujpo!qspdftt/

Anomaly Detection

Bopnhiz!lefufdujpoljtiboljngpsuboulgbsu!pglgjobodflcFdbvtf fyusFnflpvurjfst-ltvdibt!tupdl!
nbslfuldsbtift-ldbo!ibwF!pvutj{fe!gjobodjbnboe!fdpopnijdjngnjdbujpot/! I pxfwfs!bopnhnz!
efufdujpo!jtljngpsuboulopulponzigpsljowftupst!cvulbrtpljo!tvdi'bsfbt!bt!dsFejuldbselgsbvelefufd.
ujpo-ljefoujgzjohlvovtvbnlusbejoh!gbuufsot-lefufdujoh!nbslfulnbojgvrbujpo-lboe!npojupsjoh!gpsu.
gpnjp'gfsgpsnbodfigpsibcopsnbnicfibwjps!gbuufsotiuibuldpvie!ljoejdbuf!pgfsbujpobnisjtitipsinpef
ghjnvsFt/IBiui pvhi!pui fsluzgft!pginbdijofirfbsojoh!npefit-ltvdibt!ECTDBO!boeltvqqgpsuwdups!
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GjhvsFI&/IMPG!Bihpsjui N
Find k-nearest neighbors for each point
2. Calculate reachability distance:
I Sgy)B-IC*1>INby\l.ejtubodf)C*-le)B-IC*"
3. Compute local reachability density:
I Mpdbn,)B*>!20)xSfbdi,)B-'C*0}O,)B*}*
4. Output:IMPG)B*'>N\%n,)C*0n,.)B*0}O,)B*}gps!C!jo!O,)B*

nbdijoft-'dbo!gfsgpsn!bopnbiz!efufdujpo-lefejdbufe!brhpsjui Nnt!ibwflbntp!cFfolefwfipgfelgps!
pvunjfslefufdujpo/litpnbujpo!GpsFtulvtftiefdjtjpolusFFtiup!jtpnbuflbopnbijfticz!shoepniz!tfifdu.
johlgFbuvsftiboe!tgnuujoh!ui flebub!bddpsejohlupluisfti prelwbnvft-!pgfsbujoh!voefsiui figsjodjgnf!
uibulbopnbnjftibsFligFx!boe!ejogFsFouO 1 Fodf-IFhtjFslup!jtpnbuf)Mjv-1Ujoh-Iboe! [ipv!3119*/'Ui !
bnhpsjui Nnldpotusvdut!bo!fotFncrflpg!jtpibujpolusFfticz!sboepniz!tfifdujoh!gFbuvsTt!iboe!tamju!
whnvFt-IxxjuilbopnbnjftisFrvjsjoh!gfxFsitgnutiup!cFljtpibufe!boelui vt! tbwjoh!ti psufsibwfsbhf!
gbuinfohuit!jolui FlusFft-Ixifsfbtlopsnbngpjout!sfFrvjsfinpsfitgnut'boe! ibwfliipohfsigbui t/!
Uijtibgqspbdi!jtigbsujdvibsiz!FygFdujwF!cfdbvtfljulejsFdunz!ubshfut!bopnbnjftisbui Fsluibo!gspgjnoh!
opsnbijotubodft-INnbljohljuldpnqvubujpobmz!fggjdjFou!xju i njofbslujnfidpnagrfyjuz!boe! FygFdujwf!
jolijhi.ejnfotjpobitgbdft/

Bopui fs!lgpgwvibsibopnbnz!efufdujpo!ufdiojrvFjtiui Finpdbnpvurjfsigbdups)MPG*-Ix ijdilefufdut!
bopnhijfticzldpngbsjoh!i px!efotfiz!gbdlfe!fbdi!gpjou!jtisfibujwFlup!juthpdbriofjhicpsippe!
)Csfvojh-ILsjfhfi-!Oh-lboe!Thoefs!3111*/\Ui fIIfz!jotjhiujtluibulpvurjFst!fyjtuljo!tgbstfsisFhjpot!
dpngbsfe!xjuilui fjslofjhicpst/!Bt!blspvhi!bobmphz-luijol!pglebublgpjout!bt!i pvtft!jo!bldjuz;!
Jolefotflofjhicpsippet-lipvtftibsfidiptFluphfui fs!boe!jolrftt!gpgvibufe!bsfbt-li pvtftibst!
tgsftbe!pvu/iBo!pvujfs!jthj Ifblipvtfluibuljtivovtvbmzljtpribufeldpngbsfe!Xjuilui flefotjuz!pgljut!
tvsspvoejohlofjhicpsippe/lUi FIMPG!bihpsjui nljt'tipxoljo!Figure 7/

Conclusion

Joluijt!dibqufslibwFlgspwjefelbo!pwiswjtx!pgltpnfinbkpsivotvgfswjtfelrfbsojoh!bihpsjui nt!
bipoh!xjui Ifybnagnft!pg! i px!ui fz!bsFlbqarjfe!jowbsjpvtibstbt!pglgjobod /! ibwF!tipxoluibulvotv.
gfswjtfelrfbsojoh!gnbzt!b!nbkps!sprfjo!dibttjgjdbujpo-bopnbrz!efufdujpo-boe!tzoui fujd!ebub'hfo.
TsbujpoObminbkps!bggndbujpo!bsfbt!jolgjobodf/IU i Flofyuldibqufs!xjmefiwfleFFqfsjoup!bo!bsfb!pg!
votvgfswjtfelnfbsojohCofuxpsliui fpszOuibulibt!cfdpnfligpgvibsljo!sfdfoulzFbst!cFdbvtFpgljut!
grfyjcjnjuz!boelqpxfslup!jmvinjobufiwbsjpvtiuzgft!pgldpoofdujpot!uibulfyjtulcfuxFfolgjobodjbnboe!
fdpopnjd!foujujftiboe!bdupst/
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Csfvojh-INbsIvtIN/-! I bot.Qfufs!LsjFhfi-ISbznpoe!U/!'Oh-lboelk+sh!Thoefy!3111/1PMPG;!
lefoujgzjoh!Efotjuz.Chtfe!Mpdbn Pvurjfstp!Qspdffejoht!pglui f13111!BDN!TIHNPE!Sfdpse;!
:46215/\epj;21/2256045311:/446499/

Dpnpo-Qjfssf/12: - 5/'Ploefgfoefou'Dpngpofou'Bobiztjt-b!Ofx!Dpodfqu@p! TjhobnQspdfttjoh!
471)4*;13980425/\epj;21/212701276.2795) :5*:113:.:/

Epobui-!X/IF/-lboe!B/K/!' I pggnbo/'2 : 84/'PMpxfs!Cpvoet!gpsiui FIQbsujujpojoh!pg!Hsbq i th!
JCNKKpvsobi!pg!'SFtfbsdi!boe! EfwfipgnTou!28!)6*;!531636/

Ftufs!Nbsujo-! I bot.Qfufs!LsjThfi-IK+sh!Tboefs!boe!YjbpxFjlYv/I2: - 7/'PBIEfotjuz.Cbtfe!
Brhpsjui nlgps!Ejtdpwfsjoh!Divtufstljo!MbshfITgbujbn Ebubchtft!xjui!Opjtfp!LEE(: 7;!Qspdffejoht!
pglui FITFdpoelloufsobujpobnDpogfsfodfipo!LopxrfehfEjtdpwfsz!boe!Ebub!Njojoh;!337642/

Gjfenfs!N/12: 84/'PBrhfcsbhjd!'Dpoofdujwjuz!pg!Hsbq i th!D{fd i ptapwb I!'Nbui fnbujdbnKpvsobn!!
341):9%,13:90416/

Gjtifs!Spobne!B/12:47/'PUT FIVEF pg!NviujgrfINFbtvsFnTout!jo!Ubypopnjd!Qsperfnth!Boobrt!pg!
Fvhfojdt!8!)3*;128:699/lepj;21/22220k/257 = .291 :/2: 47/uc13248ly/

GsFz-ICsfoebolk/-lboe!EficFsulEvTdl1/!3118/'PDivtufsjoh!cz!Qbttjoh!Nfttbhft!Cfuxffo!Ebub!
Qpjouth!TdjfodT!426!)6925%;!:83687/'epj;21/22370tdjFodf/2247911/

Hppegfmpx-Ibolk/-Kfbo!Qpvhfu.Bcbhejf-INTiej!Njs{b-!Cjoh!Yv-IEbwje!Xbsef.CbsifzIT i fskjn P{bjs!
Bbspo!Dpvswjmf-'boe!Zptivb!CTfohjp/!3125/!/PHFofsbujwF!BewfstbsjonOfutp!QspdFfejoht!pglui f!
38uiloufsobujpobnDpogfsfodf!po!Ofvsbiliogpsnbujpo!Qspdfttjoh!Tztufnt!3;!13783691/

1 bm-IL/'N/12:81/!PBols. EjnfotjpobnRvbesbujd!QibdFnfou!Bihpsjui nh!Nbobhfnfou!Tdjfodf!
281)4*;132:633:/

1 joupo-HfpggsFz!F/-lboe!Svtibo!Thibl i vuejopw/!!3117/!PSTevdjohlui FIEjn fotjpobnjuz!pg' Ebub!xjui!
OfvshnOfuxpslth!TdjFodFl424!)6897+;1615618/epj;21/22370tdjfod /2238758

1 pufmjoh-! I bspne/!2 - 44//PBobiztjt!pg!b!Dpnagrfy!pg! TubujtujdbnWhsjbenft!joup!Qsjodjgbn!
DpngpofouthKpvsobr!pg'FevdbujpobnQtzdi piphz!35!)7+;1528052/lepj;21/214801 1182436/

1 vcfsu-Mbxsfodf-boe!Qijgqt!Bsbcjf/!2: 96//PDpnabsjoh!QbsujujpothKpvsobnpg! Dabttjgjdbujpo!!
31)2*,12:46329/'epj;21/21180CG12:19186/

Ljohnb-!E/!Q/-lboe!N/!>Xfmjoh/!3125/!PBvup.Fodpejoh!WbsjbujpobnlCbzfth!bsYjw;12423/7225/
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Mjuufsnbo-!SpcTsulC/-lboelkpté!Tdi fjol nbo/'2: - 2/'/PDpnnpo!Gbdupst!Bggfdujoh!Cpoe!STuvsoth!
Kpvsobn!pg!GjyfellodpnT!2!)2*;165672/\epj;21/4 - 160kgj/2 - = 2/7 - 3458/

Mjv-IGFjlUpoz-ILbj!Njoh!Ujoh-lboe! [ 1j. I vb![ 1 pv/!3119/!Pitpnbujpo!GpsTFtup!QspdFfejoht!pglui f!!
9uilFFFYoufsobujpobnDpogfsfodf!po!Ebub!Njojoh;!524633/!epj;21/221 : 0JDEN/3119/28/

Mipze-IT/'Q/'2 - 93/!PMFbtul TrvbsFt!Rvbouj{bujpo!jo!QDNIFFF!Usbotbdujpot!pologpsnbujpo!Ui fpsz!
39!)3*;123:6248/

Moqf{!lef!Qsbep-INbsdpt/!3127/'PCvjiejoh!EjwFstjgjfe!Qpsugpnjpt!Uibu!Pvugfsgpsn!Pvulpg Thongrfp!
Kpvsobn'pg!Qpsugpnjp!Nbobhfnfou!53!)5%;!6:67 :/lepj;21/4 - 160kqn/3127/53/5/16 =/

Né{bse-!Nbsd/13118/'PX i fsFIBsflui fFIFyfnqibst@p! TdjFodFl4261)6925*;!: 5:662/'epj;21/22370
tdjfodf/224:789/

Qfbstpo-!Lbsi/!2 - 12/'PPolMjoft!boe!Qiboft!pg!Diptftu!Gjulup! TztuFNnt!pg!Qpjout!jo! TgbdFh!
Mpoepo-!Fejocvshi-lboe!Evcnjo!QijiptpqijdbnNbhb{jof!boelkpvsobnpg! Tdjfodf!3!)22*;!66 - 683/!
epj;21/219102589755121:573831/

Sboe-Xjmjbn!N/!2 - 82/!PP ckFdujwF!Dsjufsjblgpsiui FIFwbnvbujpo!pg!Divtufsjoh!Nfui pethiKpvsobnpg!
ui fIBnfsjdbo!TubujtujdbnBttpdjbujpo!77)447*,1957661/lepj;21/219101273256:/2:82/21593467/

Tinpojbo-KKptfqi/!13131/'PNpevibsINbdijofIMFbsojoh!gps!NpefinWhijebujpo;!Bo!Bqqrjdbujpo!up!
ui FIGvoebnToubnMbx!pg!BdujwF!Nbobhfrnfouh'Kpvsobnpg!Gjobodjbn Ebub! Tdjfodf!3!)3*;!52661/!
epj;21/4: 160ket/3131/2/138

Tinpojbo-Kptfqi/!3135/JowFtunfou!NpefiWbnjebujpo;!B!Hvjeflgps!Qsbdujujpofst/!D i bsnpuuftwjms-!
WB;!DGBUotujuvuf!SFtfbsdi!Gpvoebujpo/lepj;21/67338035/2/26/

Tinpojbo-lkptfqi-boe!DifoxfjXv/I312:/IPNjotlz!wt/Nbdijof;!Ofx!Gpvoebujpotigps!Rvbou.
NbdsplowFtujohhKpvsobrlpg!GjobodjbrEbub!Tdjfodf!2!)3*;!: 56221/'epj;21/4 - 160kget/312:/2/115/

Tqjfinbo-!E/B/boe!T/. 1/'Ufoh/!3118/'PTqfdusbnQbsujujpojoh!>Xpslt;!Qrbobs!Hsbq i t'boe!Gjojuf!
FrfnfoulNftiftpMjofbs!Bihfcsb!boe!jut!Bqgndbujpot!532!)3*;13956416/

wbo!efs!Nbbufo-Mbvsfot-lboe!HfpggsTz! I joupo/!3119/'PWjtvhbrj{joh!Ebub!VVtjoh!u. TOFhKpvsobn!pg!
NbdijofIMfbsojoh!Sftfbsdi!:!)97%;!368:6716/

Xv-Ejohnjoh-lYjopoh!>Xboh-!boe! Tibpdpoh!Xv/!3133/!/PDpotusvdujpo!pg! Tupd 1Qpsugpnjpt!
Cbtfejpo!l.Nfbot!Divtufsjoh!pg!Dpoujovpvt!iUsFoe!GFbuvsFth!Lopxnfehf.Chtfe! Tztufnt!!
363!)38!TfqufncTs*/lep);21/21270k loptzt/3133/21:469/
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UNSUPERVISED LEARNING II:
NETWORK THEORY

HvTpshvj!T/ILpotuboujopw!QI E
Tfojps!Qpsugpnjp!Nbobhfs!Gjyfellodpnflboe!Dvssfodjft-IEFIbCbol

Bhbuif!Thefhij-IQIE
TufwFotlotujuvufpglUfdi opnphz!Td i pprlpg!'Cvtjoftt

Introduction

Efdjtjpo!nbljoh!boelsjtl!bttfttnfou! i bwflusbejujpobmz!cFfolhspvoefe!joldpsfigjobodjbnnpefit/!
Ui ftfinpefit!ibwf!fodpvoufsfe!dibmfohft!bt!hipcbrjoufsefgfoefodjft!ibwflhspxoljoldpn.
grfyjuz!bt!gjobodjbninbsfut!fwpmwf/INboz!dibttjdonnpefitibgqgspbdilui Finbslfulbt!Fjui fsib!
dpmfdujwFltztufn!xjuilvojgpsn!joufsbdujpot!psthspvat!pgivodpoofdufeltztufnt!xi fsfibdupst!
nblflbvupopnpvtlefdjtjpot/\Ui ftFpwFsizitinanjgjfe!bggspbdi ft!ibwFlgspwfeljodpssfduljo!nboz!
jodjefout-tvdi'btlui flgjobodjbn'dsjtjt!pg!311863119!boelui FIDPWIE.2: Igboefnjd/!Ui FlgbjivsFipg!
MFinNbo!Cspuifstiboelui Flofbs.dpmbqtflpg!BIH!ijhinjhiufe!ipx!ejtusFttijt'dbgbcnfpglsbgjenz!
tgsfbejohlgspn!pofisthjpo!pglui FlitztuFn!up!bopui fs!sfwFbrjoh!ijeefoljo I t!boe!wvnofsbcjnjujft/!
Dpowfoujpobnnpefit!ejelopulgpsFtffiui FtFwwvnofsbejjujft/!U i FtFfwFout!sfwFbrfelui FlitpcTsjoh!
usvuiluibului Fljoufsdpoofdujwjuz!pglgiobodjbnljotujuvujpotiboelui Fitztufn!jtinvdi!npsfljousjdbuf!
uibolui Finpefnt!pglui Flujin Fldpwreldbquvstlboe!uibului FljoufsfyqgptvsTticfuxffo!jotujuvujpot!
bsfldsvdjbnluplui FltztuFnjd!tubcjrjuz!pglui Frtusvduvst/IU i jtidsjtjt!gspwitiuibulnpefit!bsflcijoe!
up!'fnfshjohlsjtitljglsfibujpotijgticfuxffolgibzfstibeelvqgljolvoqgsfejdubciflibtzn nfusjd!xbzt/!
Uplsftgpoeluplui fidibmfohf!pginbobhjoh!tztufnjdisjtl-lpofloffetiupprtiuibuljefoujgz!boe!tusvd.
uvstisfibujpotijgtiup!bobnz{fldpoofdujpot-lop!Nnbuufs!ipx!vodpowfoujpobriui flejsfdujpo!njhiulct/?

B!gpx<fsgvntboe!jouvijujwFlgshnfxpsl!gps!pwfsdpnjohlui Ftfldpotusbjout!jtigspwjefe!cz!ofuxpsl!

ui fpsz-Iblejtdjgrjof!xjui!spput!jolhsbqilui Fpsz/ulpggfst!nbui FfnbujdbimbohvbhFlgps!jowftujhbujoh!
tztufntinbef!vg!pglejtujodulfoujujft!)sFqsFtfoufe!btlopeft!psiwfsujdft*boelui fidpoofdujpot!
ps'joufsbdujpot!bnpohlui FN!)sfgsFtfoufelbtholt!psifehft*/!Uijtinfuipelibt!tipxolgspnjtf!
jolb!xjefishohf!pglgjfret-'jodivejoh!cjpnphz-!dpnqvufsitdjfodf-lusbotqpsubujpo-boelui !
tpdjbn'tdjfodft/

Ofuxpsl!bobnztjt!jt!blobuvshnlgjulgps!gjobodjbntztufnt/!NbsIfut-bttfut-gjobodjbnjotujuvujpot-'boe!
fwfoljogpsnbujpo!gpxt!bsflbmjoufsdpoofdufe/!Ui Ftfisfibujpotijgt!dsfbufljousjdbufiofuxpslit!
uibultvqgpsului flezobnjdt!pglui finbslfu/!Qsbdujujpofstidbo!fybnjoflui flusvitusvduvsT!pgnbsifu!
joufshdujpot!boelhplcfzpoe!pwfstjingjgjfe!bttvnqujpot!czlefgjdujoh!ui FtFlwbsjfe!gjobodjb!
sfibujpotijgtibtiofuxpslt/IUi figpmpxjoh!bsFifybnagrft!pglofuxpslt;

o' Joufschol!nfoejoh!ofuxpslt;!Blwjubnlofuxpsl!igpslejtusjcvujohlijrvjejuz!jt!dsfbufe!xifo!cholt!
rFoelup!boelcpsspx!gspn!poflbopui Y

2Gvoebn foubnjufsbuvsfipolofuxpsltijodiveft!Xbttfsnbolboe!Gbvtu!)2 : : 5*-!0FxnNbo!)3121*ICbshcatj!)3127*-boe!Cpshbuuj-!
Fwfsfuu-Kp i otpo-boe!Bhoffttfot!)3133*/!Gjobodjbrlofuxpsltibsfifyufotjwhizibobrz{fe!cz!Ejfcpre'boe!Zjinb{!)3126*/
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TvaqpsulWfdups!Nbdijoft

Technical Concepts
MFulvt!tubsulcz!dpotjefsjoh!bldibttjgjdbujpo!gspcifn!xjuilusbjojohlebub!pglui Figpmpxjohlgpsn;
! )WY, Z,5..-)y -z *lye S°-lz e |+2-2/!

Jolpui fs!ixpset-wFdupstlyle Se-Ipgufo!dbmfe!joqvut!pslgFbuvsTt-ljolui Flusbjojoh!ebub!cfipohlupluxp!
dnbttft;luiptfigbjsfe!xjui!z!>!, 2Iboelui ptfigbjsfe!lxjui!z!>!g2/!U i flhpbnpg!boz!ifbsojoh!nbdijof!
jtluplgjoe!blgvodujpobnlgpsnlgpsiui jtidibttjgjdbujpo-lgjuujohlui Flusbjojohlebub!bt!xfmibt!gpttjcrflcvul
opu!pwfsgjuujoh/

Poflitingrfldbtfljtixifolui Fluxp!dibttft!pglyle Seldbo!cfltFgbsbufe!cz!blizgfsqibof;!bo!bggjof!
tvctgbdfpg!Selpgldpejnfotjpo!2/!Ui folui Fldibtt!pglyle SeldpssFtgpoejohlup!z!>!, 2Ixjmitjnagnz!cF!
po!pof!tjef!pglui Flizgfsgnbof-lboelui Flidibtt!dpssFtgpoejohlup!z!>62!xjmicFlpolui Flpui Fs!tje f/

Jolgsbdujdf-Itvdilb!tFgbsbujoh!izgfsgiboflepftiopu!fyjtulgpsinboz!sFbn.njgflgspcrfnt/\Gpmpxjoh!
Dpsuft!boe!Whqgojl!)2: :6*lboeWhqojl)2: - :-13111*lui FsFlbsFluxp!nbkpstbqgspbd i Ftlup!
dpotusvdujoh!rFbsojoh!nbdijoftigpsiui Fldibttjgjdbujpo!qgspcifnt;

o Vtflgvodujpobnbqgspyjnbujpot!czloponjofbs!)f/h/-Itjhnpje*lgvodujpot/!Uijtibqgspbdiifbet!
uplofvshilofuxpslt-Ixijdi!bsflcfzpoelui fltdpgfpgluijtidibqufy

o Nbqg!)oponjofbsiz*lui fljoqvulwFdupstlyle Seljoup!b!ijhifs.ejnTotjpobnlgfbuvsfitgbdf-'boe!
dpotusvdulb!tfgbsbujoh!izgfsagibofljoluijt!ijhifs.ejnfotjpobntgbdf/IUijt!bggspbdiifbet!
Up!'TWNt-IxijdiIxfixjmldpotjefs!i fsfljo!npsftlefubji/

Bo!TWNjofbsinpefilefwiipgfeljo'tvdi'blijhifs.ejnfotjpobnlgFbuvsFltgbdfldpssFtgpoetiup!b!
oporjofhs!dibtt!tFgbsbujpo!npefiljolui FipsjhjobnlgfbuvsFltgbd /! Tvgqpsuwdups!nbdijoft!)boe!
ofvshnlofuxpslt*'dbo!cfivtfeljo!nbdijofirfbsojoh!cfzpoe!dibttjgjdbujpolgsperfnt-tvdilbt!
sthsfttjpolboelefotjuz!ftujnbujpo!gsperfnt)tff-1/h/-Wbqgojl-IHpnpxjdi-lboe!Tnpmb!2: - 8!
Tnpmb!boe!Tdi-nlpqg!3115<Bxbe!boe!L iboob!3126*/

GjhvsT12/' 1 zgfsgmbof. TFgbsberf! Ebub

Tvqgpsulwfdups!nbdijoftixfsfljouspevdfelcz!Wibejnjs'Wbqojl!boe!Dpsjoob!Dpsuft!) tFf!
Dpsuft!boeWhqgojl!2: :6<Wbqojl!2: = :-13111*/'Tvgqgptflui Flusbjojoh!ebub!bsF!pglui Flgpsn

! )WY, 2,5 -)y -z *lye S°-lz e |[+2-2-!

boelui fluxp!dibttft!idpssFtgpoejohlup!z!>!, 2Iboe!lz!>162!dbo!c T tFgbsbufe!cz!bo!
)bggjof* izgFsgrbof-ldbmfe!bo!Ppqujnbntfgbsbujoh! izgfsgibofp!ps!b!Pnbyjnbiinbshjo!
izgfsqrbofh;

! )X-y*—c=1-!
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X ifsfix!jtiui FlwFdups!psui phpobriup!ui Flpqujnbnt izgfsgiboflboe!c!jtib!tdbnby/!
Wbqojlh)2: : - *leftdsjcftiui Flpqujnbn i zgfsgibofivtjohlui Flgpmpxjoh!jofrvimjujft;

! )x-yj*—czz!jg!zj =2/

! )Xy *—c<-2jglz, =-2/!
Ui ftfljofrvhnujft!dbo!cfifygsfttfeldpngbduz!btigpmpXxt;
! z[)x-y*—c]z2l=2 !

Ui finbyjnbiinbshjo!izgfsgrbof!jt!pcubjofelcz!tpmwjoh!iui Flgpmpxjoh!pqujnj{bujpo!
gspcrfn;

! Njo)x-x*!
e

! tvckfdulup!iz [)x -y, *—c |22l =2 -u/!

GpmpxjohWbhqojl")2: : - *-luijt!pqujnj{bujpo!gspcrfn!dbo!cfitfulvg!xjuiMbhsbohf!
nviujorjFst!o;;

R\ 2%
: ”JOZ“J ‘Ezo‘j%zjzk)yj ¥
=2 ik

! tvckfdu!up!z‘oajzj =1boelll <a-lj=2...- /!

j=2

Ui flpgujnbntpnvujpo!widups!x, !jt!binjofbs!dpncjobujpo!pglui FlwFdupst!jolui Flusbjojoh!tfu;
! xl=szocjlyj-!ocjl21—!j=2—...-m/!
j=2

Npsfpwfs!Whqgojl!tipxtiuibuporz!tpnflusbjojohiwfdupst!y-ldbmfe!ui fitvagpsuwfdupst-!
1bwFlopo{fsp!dpfygjdjfout!jolui Fifygbotjpo!pg!x,/lo!pul Fsixpset-IxF! ibwF

| — 1y -1yl > |
! X, Z z,oily;-lou >1/!

tvpp suwfdupst
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GjhvsT!3/!HFofsbn{bujpo!gps!Mjofbsnz!
Opotfgbsbcif!Ebub!

Efbrjoh!xjui!ui fidbtfixxifolui Flebub!bsFiijofbsizlopotfgbsbenf-lgpmpxjoh!Whqojl!)2: - - *-!
xflitfu

! Njo)X-X*+ Dzﬁj !
j=2

! tvekfduup z [)x -y, *—c]22-&-j=2..-1/!

Ui fljefbljtiup!bmpx!tpnfigpjout!up!cFlpolui FIPxspohp!tjeflpglui Fpqujnbmz! tFgbsbujoh!
1zgfsqrbof/IUi flpqujnj{bujpo!gspcrfn!dbo!cFligpsnvibufe!bt!gpmpxt;

R . 2%
! ”JOZ‘XJ ‘EZ%%Z;ZOYJ- Y
=2 ik

! tvekfduup Y o,z =1boell <, <D-fj=2...-1/!

=2

Npsf!hfofsbmz-!Ixfldbo!nbglui fljogvulwFdupstlyle Seljoup!bwFsz!ijhi fs.ejnfotjpobn!
gfbuvsFltgbdfluispvhiltpnfloponjofbsinbggjoh!diptfolblgsjpsjiboe!dpotusvdulbo!pquj.
nbntfgbsbujoh!izgfsgibofljoluijt!ijhi.ejnfotjpobngfbuvsFitgbdf/uluvsot!pvulxflep!
opuloffelup!lopxlui Fifyqrjdjulgpsn!pgluijtloponjofbsinbg<bmixfloffeljtiui fljoofsigspe.
vdujolui flijhifs.ejnfotjpobnltqbdf-IsfasFtfoufe!cz!bluxp.wbsjbciflgvodujpo!L)y;-ly*gps!
y;-lyle Se-ldomfelui F I fsofi/

Ui fo-lui finptulhfofsbnlpgujnj{bujpo!gspcrfn!dbo!cfligpsnvibufe!btigpmpxt;

R\ 2%
! nJOZOC,- _Ezaiakzjzkl‘)yi oy, L
j=2 j-k

! tvckfdulup !Z(szj =1lboell<q, <D-j=2.. -!

i=2

Pofipgui finptuljngpsubouldpodfqut!jonfbsojohlui Fpsz!jtiui Flusbef. pgglcFuxFfolui !
rvhnjuz!pglui Finpefilgju!polui Flusbjojoh!ebub!boe!ui Fidpnagrfyjuz!pglui Finpefi/olgbdu-!
tvqqgpsulwfdups!nbdijoftixfsfljotgjsfe!cz!ui fitp.dbmFe!tusvduvshnsjtl'njojnj{bujpo!

gsjodjqgnf-'bsjtjoh!jo!tubujtujdbnirfbsojohlui Fpsz!up!beesfFttiuijt!ljoe!pglusbef. pgy/

Jouvjujwiz-'poFfldbo!bdi jfwFib!hsfbulnpefgjuljolui Flusbjojoh!ebub-!cvului Fldpogjefod !
joufswbn!x<jm!cFlnbsh¥-IsFtviujohljo!pwEsgjuujohOgjuujoh!ui Fltgvsjpvt!gbuufsot!jolui Flusbjojoh!
ebublupp!><fm-'bului FifyqFfotfpglqppsiqfsgpsnbodfipolui Flebublui Finpefilibt!lopultffo!
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jolusbjojoh/Wbqojl!)2: : : *Igpjout!pvului bu TWNt!bmpx<!ui Fldpouspripg!cpui inpefilgjulboe!
ui FldpogjefodFljoufswon/lolui Finptulhfofsbnldbtf-lui FivojrvFipqujnj{bujpo!tpmvujpo!jt!
pcubjofe!xifolpof!dipptftiui FwbnvFlpglui Flusbef.pgglgbsbnfufs!D/

Simple Example: Classifying Stocks vs. Bonds

Joluijtitfdujpo-lljmvtusbufiui FitvqgpsuwFdups!inbdijofldpodfqutiwjb!b!tjingrf fybnanf/!\Gps!b!tfu!
py'Frvjuz!boelcpoeljoefyft-IxFIxboulup!tFgbsbuflui Fitfuljolbluxp.ejnfotjpobngfbuvsFitgbdf;lui !
dpssfibujpo!cfuxffolboljoefy!sfuvsolboeljogibujpo!)Dpotvinfs!Qsjdflioefy-ps!DQI-Idibohf*boelui f!
dpssfibujpo!cfuxFfolui Fljoefy!sfuvsolboe!sFonHEQ!hspxu i /! X F!dbndvibuf! rvbsufsiz!dpssfibujpot!
vtjoh!zfbs. pwfs.zfbsljogibujpo-'zFbs. pwFs. zFbsIHEQ!hspxu i !sbuft-lboe!)ui Flgsjps! rvbsufsit* Frvjuz!
boe!cpoe!joefy!zfbs. pwfs.zFbs!) ZpZ*Isfuvsot/! XFivtFlirvbsufsiziebub!cfuxffo!2: : 9'boe!3136/

Gps!fybnanf-lgps!VThibshfldbqt!)sFgsftfoufelcziui FINTDIVTB!Hsptt!UpubnSfuvso!VTENoe fy*-!
ui Fldpsstibujpo!xjui!zFbs. pwfs.zFfbs!jogibujpo!jt!31&!boelui Fldpssibujpo!Xjui IHEQ!hspxui!jt! 71 &/!
Uivt-'VThibshfldbgt!bsflsFgsFtfoufe!jo!pvsiuxp.ejnfotjpobnlgfbuvsFitgbdficz!blwfdups;

! y=)1/31-1/71*e 3!

Tinjibsiz-IVTIUsFbtvsjft!)sfgsFtfoufelczlui FiCnppncfsh!VTIUsFbtvsz!Upubn Sfuvsolioe fy*-!

bsflg4 : &!dpsstibufe!xjuilui fltvetfrvToulrvbsufsitljogibujpolboelg53& !dpssibufe!xjuilui !
tvctfrvfoulrvbsufsit!HEQ!hspxui/!Uivt-IVThibshfldbqt!bsfisfgsFtfoufe!jo!pvsiuxp.ejnfotjpobr!
gfbuvsFltgbdfcz!bwfdups;

! y=)-1/4:--1/53*c 3/1

XFlusbjolui FinpefilpoluisFFifrvjuz!joefyft)ui FINTDIVTB!Hsptt!UpubnSfuvso!VTEoefy-INTDI!
VTBI!Tnbm!Dbq!Hsptt!UpubnSfuvso!VTE!oefy-lboe!NTDIVTBUNI I jhi!Ejwjefoe!Zjfie!'Hsptt!Upubn!
Sfuvso!VTENoefy*-Itfuujoh!z!>!, 2-lboeluisFFlcpoeljoefyft)ui FiCippncFsh!VT!UsFbhtvsz!Upubn!
Sfuvsolloefy-ICippncfsh!VT!DpsqpsbufliowFtunfou!HsbeF!UpubnSfuvsolloefy-boe!Cippncfsh!
VT!UsFbtvszlogbujpo.Mjo I Fe!lUpubnSfuvsoloefy*-Itfuujoh!z!>!162/!0pultvsgsjtjohnz-bm Frvjuz!
joefyftibstirvjufitjhojgjdbouz!gptjujwinz!dpsstibufe!xjuilsFonHEQ!hspxui-boe!VT!IUsfbtvsjft!
bsflofhbujwnz!dpssfibufe!xjui!sfontHEQ!hspxui/ITFFIExhibit 2!gps!npsflebublefubjit/

BddpsejohlupWbqojl')2: - - *!pqujnj{joh!ui FITWN(t!Mbhsbohjbo!po!pvs!tjylusbjojohlebub!gpjout!
sFevdftiuplui Figpmpxjoh!gspcrfn;

7 7
, 2
! nO!oZocj _Ezajakzjzk)yj Yy
j=2 j-k

7
! tvckfdulup Eajzj =1lboell<q =2 -7-!

i=2

X i fsfloylbsFIMbhsbohflnviujon Fst/!Sfyfs!cbd Hup!GjhvsTi2lgpsiui Fihfofsbn pgujnj{bujpo!tfuva/

441 < DGBlotujuvufiSFtfbsdi!Gpvoebujpo



Tvggpsu!WFdups!Nbdijoft

Fyijcju!3/'Pqujnbn! I zgfsgnbo ! TFqgbsbujoh!Tupdl!boe!Cpoelloefyft!
jo!b!Uxp.EjnTotjpobnGfbuvstITgbdf!pg!Dpsstibujpot!xjun!STonHEQ!
boe!DQI!Zfbs!pwfs!ZFbs!2: - 963136

Training Data Unseen Data

Correlations USLargeCap USSmallCap USHighDiv US Treasuries USInvGrade USTIPS FEER TR
Features DQI'ZpZ 1/31 1/29 1/2: 01/4: 01/39 1/15 1/11
SThiHEQ!ZpZ 1/71 1/78 1/6: 01/53 1/19 1/13 1/52
z;'tupdl!), 2*Ipslcpoe!)62* 2 2 2 62 02 02
o;IMbhsbohflnviujgrjfst 1 1 6/874: 1 1 6/874:
)x!-ly*lelc 2/156 2/364 2/111 63/895 62/159 62/111 1/378
1/8

VT!ITnbm!Dbg g J
1/7

VTIMbshf!Dbg

VT jhilEjw

VT jhiZjfie

1/6

1/5 pqujnbn o
tfgbsbujoh

1/4 izgfsqibof

1/3

172 VTlowHsbef @

1 VTIUIQT

61/2

61/3

Correlation with Real GDP YoY

o1/4
61/5 ® VTlUsFbtvsift
01/6

01/7

1/8
01/8 ©1/7 ©1/6 61/5 61/4 ©1/3 ©1/2 1 1/2 1/3 1/4 1/5 1/6 1/7 1/8
Correlation with CPI YoY

Opuft;!Rvbsufsizldpssfibujpot!pg!DQIlzfbs. pwfs.zfbs!d i bohflboelsFbiHEQ!zFbs. pwfs. zFfbsthspxu i Ixjui luil Figsjps! rvbsufsit!zfbs.
pwfs.zfbs!sfuvso!pg! Frvjuziboelcpoeljoefyft/!Bvui psit!dbrdvibujpotigps!jmvtusbujpolboelfevdbujpobilqvsqptft!iponz/

Tpvsdft;!Ebub!bsflgspn!Cippncfsh!)VTIMbshIDbg;!NTDIVTB!Hsptt!UpubnSfuvso!VTENoefy<VT!Tnbm!Dbg;!NTDIVTB!Tnbm!Dbq!
Hsptt!Upubn'SfuvsolVTENoefy<VT! 1 jhi!Ejw;INTDIVTBUNI I jhi!Ejwjefoe!Zjfie!Hsptt!Upubn Sfuvso!VTENoe Fy<!VTIUsFbtvsjft;!
Cippncfsh!VTIUsFbtvsz!UpubnSfuvsolioefy<!VTlow!HsbeF;!Cippncfsh!VT!Dpsqlowftunfou!HsbeflUpubn Sfuvsoloe Fy<VTIUIQT;!
CippncfshlVT!IUsFbtvszlogibujpo.Mjo I felUpubnSfuvsolloe fy<VT! 1jhi!Zjfie;!Cippncfsh!VT!Dpsq! I jhi!Zjfre!Upubn! Sfuvsolioe fy*/

1zqgfsqrbof TvqggpsulWfdups @ Frvjujft @ Cpoet @ Votffo!Ebub
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Boufs'tpmwjohluijtigsperfn-IxfidboltFfluibului Flpqujnbntfgbsbujohlizgfsgibofljtlefgjofelcz!
uxp'tvqgpsulwfdupst;lui FIVT!ijhi.ejwjefoeljoefylboelui FIVT!UsFbtvszlogibujpo.Qspufdufe!
TFdvsjuz!joefy/!XFlibwFlui Fipqujnj{fe!tpmvujpolwfdups;

! 251 =)-"2,(0(\1/”] i Ejw yVTIj iEjw +)_2k0(\1/TUJQTyVTUJQT'!
xifsfluif)pquinj{fe*Mbshbohfinvijopifst-log, | ., = 00 =6/874:-IbsFldpssFtgpoejohlup!

ui FltvqgpsuwFdupst-lyyy jhigp!00€!Yy nygr-Iboelui FIMbhsboh ! nviujorj Fst!dpssFtgpoejohlup!ui f!
gpvslopotvgqpsuwFdupst!bsFl{fsp/

Gvsui Fs!IxFflabwf

| CZE)X . +X. - *_ |
: 3771 yVTIj iEjw 1 yVTUJQT :

tpluibu

! Xy Yory; ign —C=2bo€NX, -y - C=-2/1

Brtplopufluibului FIVThbshT.dbg!joefy!jtighbjsiz!dnptFlup!cFjoh!bltvqqgpsulwfdups;

! X1 Yurupsneong € = 2/156/
Xfldbolopx!vtflpvsITWN!Npefup!dibttjgz!blebublgpjoului Finpef ibt'ofwfs!tFfo;!VT!ijhi.
zjfielcpoet/!Ui fldpssfibujpot!pglui FiCippncFsh!VT!Dpsqpsbuf! 1 jhi!Zjfe!Upubn Sfuvsolioefy!
Xjui!DQI'zFbs. pwTs.zFbs!d i bohflboe!sFbhnHEQ! zfbs. pwFs. zFbsthspxui gFbuvsFtlyle S¥*iqvului !
VTlijhi.zjfeljoefy!polui FitjeflpgFrvjujft-loncfjuldiptFluplui Fpqujnbntfgbsbujoh!izgfsgibof;

! X1 Yorij iz e~ C=1/378/!

JoluijtitFotF-ui FITWN!Nnpefildbttjgiftiui FIVTlijhi.zjfre!joefy!bt! Frvjujftisbui fsluibo!cpoet/

Gps!Exhibit 3-bsjtjohlgspn!ui FibttfulbmpdbujpolsFtfbsdildpoevdufeljo!dpmbcpsbujpo!xjui Kjbivj!
PKpzp!zv-1Q1 E-IxxFlusbjofelui Flebub!polui FidpssTibujpot!pg!sFonHEQ!boe!DQIIZpZ!xjul lui Flgsjps!
rvbsufsit!zfbs. pws.zfbs!sfuvsot!pg!43!frvjuzljoefyftiboe!26!cpoeljoefyft/loluijtidbtF-Itupdlt!
boe!cpoet!bsflopunjofbsizitFgbsbenflboelui FlusbeF. pgglgbsbnfufs!jtitfulbt!D!>12-Ibt!eftdsjcfe!
jo!GjhvsFI3/

Ui fltvgqpsulwfdupst!joluijtidbtFlbsFitjy! Frvjuzljoefyft!)OZTF!Bsdb!Hpne!Njofstloefy-INTDJ!
Dijob!Hsptt!UpubnSfuvsoMpdbnVTEoefy-IObtebr.211!UpubnSfuvsoloefy-INTDJIFNnfshjoh!Lpsfb!
Hsptt!UpubnSfuvso!Mpdbrljoefy-INTDIIFnTshjoh!UvsIfz!Hsptt!UpubnSfuvso!Mpdbiljoefy-lboe!NTD!
FN!CSID!Hsptt!UpubnSfuvsoMpdbnioefy*lboeluisFficpoe!joefyft!)Cippncfsh!VT!IUsFbtvsz!
Jogibujpo.Mjo Ife!UpubnSfuvsolioefy-ICippncfsh!VVT!Dpsqpsbuf! Bjhi!Zjfie!Upubn Sfuvsolloefy-!
boe!Cnppncfsh!VT!IUsFbtvsz!Cjmioefy*/

Ui flusbjofe!npefljtiui folvtfelup!dibttjgz!32!pui Fsibttfut/!Opufluibulhpre!njofst!)OZTF!Bsdb!
Hpre!Njofstloefy*-lhpre-Kbgboftfizfo-lui FIVT!Epmbsloefy-lboe!DUB!tushufhjft!)EC!Dsptt!
BttfulDUB!Usfoelloefy!boe! TH!UsFoelloefy*bsFldibttjgjfe!bt!cpoe.njifibttfut-lbncFjulPxjuijo!

ui Finbshjoh!VT!ijhi.zjfielcpoet!)CippncFsh!VT!Dpsqpsbuf! 1 jhi!Zjfe!Upubn Sfuvsolioefy*IbsF!
dbttjgjFe!bt!Frvjuz.ajif-1tjinjibsizluplui Finpefiljo!Fyijcju!3-lbrcfjulPxjuijolui Finbshjopljoluijt!
npefilxjui!sFhwvibsj{bujpo!qfobuz/
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Fyijcjul4/Dibttjgzjoh!Bttfut!bt!Tupdl.!ps!Cpoe.MjIfIVtjoh!b! Tvgqpsu!
WFdups!Nbd 1jof!xjur!SThvnbsj{bujpo!Qfobmz!2: : -:63136

N
~
\\ VT!ITnbm!Dbg
\\ \\ VTiMbshfiDbg @ ) Dpnnpejuz Qspevdfst
1/7 1 ~ ~ ? e © Y ‘ e
\\ \\ ..VT!Ijhi!ij e « Dpnnpejujft
AN S 0@ 0° i
S Obtebr CSIDIFrvjuift
\\ @\ LpstblFrviuft
® Qibujovn
% 1/5 4 \\ Ovrijhitzife é\G\Y!Dhssz
g A [Bs
T S . vsIfzIFrvjujft
= N OLE O e ve R
IWpr!Dbssz
: 113 1 \\ - e Tjwfs \\
N - A
8 ~ Qbmub*e]vnDoz ~
£ o >N Hors AN
.E VTlow!Hsbef \\ @ jpeiNjors < THous \\
c 1/1 \\ © vruiQT ' \\
8 3 <
K] @ S e EeuE THUsfoe N
o ® Xz Y VT cjit
E @ ® “WHpre
8 o 'VTIEprbs N
01/3 { \\
o
~
o
e
P o]
01/5 @ VTUstotvSiTE
01/9 01/7 01/5 01/3 1/1 1/3 1/5 1/7 1/9

Correlation with CPI YOY Index

® Cpoet @ Frvjjft Dpnnpejujft [J Dvssfodjft Tusbufhjft O Tvqgpsu'Wfdupst

Opuft;!Rvbsufsizldpssfibujpot!pg!DQIIZpZ!d i bohFlboe!sFbiHEQ!ZpZhspx<u i Ixjui lui Figsjps! rvbsufsit! ZpZ!sfuvso!bttfut/IU i FITWN!
npefixjuilusbef. pgg!gbsbnfufs!D!>!2!jtlusbjofe!pol43ifrvjuzijoefyftiboe!26!cpoeljoefyftiboeljtivtfelup!dibttjgz!32!pui fs!
bttfut!)5!nfubrt-2ldpnnpejuz!joefy-122!dvssfodjft-'boe!6! tusbufhz!joefyft*bt!Frvjuz.ijlfiboe!cpoe.njlf/

Mbcfrfelgpjout;!VT!MbshfIDbq;!NTDIVTB!Hsptt!Upubn!Sfuvso!VTENoe fy<VTITNbmDbg;!NTDIVTB!TNbm!Dbg!Hsptt!Upubn Sfuvso!
VTENoefy<dVT!Hjhi!Ejw;!NTDIVTBUNI I jhilEjwjefoe!Zjfie!Hsptt!UpubnSfuvso!VTENoe fy<!VTIUsFbtvsjft;!CippncfshiVT!
UsFbtvsz!UpubnSfuvsolloe fy<!VTlow!Hsbe F;!Cippncfsh!VT!Dpsqpsbufliowftun fou!Hsbe f!Upubn Sfuvsolloe fy<VTIUIQT;!Cippncfsh!
VTIUsfbtvszlogibujpo.Mjol felUpubnSfuvsolloefy<VT! I jhi!Zjfie;!CippncTsh!VT!Dpsgpsbuf! 1jhi!Zjfe!UpubnSfuvsolloefy<!Hpre;!
YBVVTE!Tqpu!FydibohfiSbuf!.!Qsjdflpg!2!YBV!jo!VTE!)VTlepmbst!qfsiuspz!pvod ! Tjwfs;'YBHVTE!Tqpu!Fyd ibohfISbuf!.!Qsjd f!
pg!2!YBH!jo!VTE!)VT!epmbst!qfsluspz!pvodf*<!Qibujovin;!'YQUVTE!Tqpu!Fyd i bohf!Sbuf!.!Qsjdflpg!2! YQU!jo! VTE!)VT!epmbst!gfsluspz!
pvodf*=IQbmbejvn;!YQEVTE!Tgpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YQE!jo!VTE!)VT!epmbst!qfsluspz!pvodf<IDpnnpejujft;!Cippncfsh!
Dpnnpejuzlioefy!UpubnSfuvso<dHpne!Njofst;!OZTF!Bsdb!Hpre!Njofstlioefy<IDijob!Frvjujft;!NTDJD i job!Hsptt!UpubnSfuvso!
Mpdbn!'VTENoefy<!Obtebr;!Obtebr.211!UpubnSfuvsoloefy<!LpsFb!Frvjujft;INTDIIFnfshjoh!Lpsfb!Hsptt!UpubnSfuvso!Mpdbnioefy«!
UvsIfz!Frvjujft;INTDIIFN fshjoh!UvsIfz!Hsptt!Upubn SfuvsoMpdbmlioe Fy<VTIU. cjmt;!Cippncfsh!VTIUsFbhtvsz!Cjmioe fy<Dpnnpejuz!
Qspevdfst;INTDI Xpsie!Dpnnpejuz!Qspevdfst!Hsptt!UpubnSfuvso!VTENoefy<! [ BS;! [BSVTE!UpubnSfuvso!Mpoh!.!Mpoh![BS-!
TipsulVTEXOLE;!O[EVTE!UpubnSfuvso!Mpoh!.Mpoh!O [E-TipsulVTEXBVE;!BVEVTE!UpubnSfuvso!Mpoh!.Mpoh!BVE-!ITi psu!
VTEXOPL;!OPLVTE!UpubnSfuvso!Mpoh!.Mpoh!OPL-ITi psulVTE<HCQ;!HCQVTE!Upubn'Sfuvso!Mpoh!.!Mpoh!HCQ T psul VTE<USZ;!
USZVTE!Upubn!'Sfuvso!Mpoh!.!Mpoh!USZ-ITipsu!VTE<DOZ;!'DOZVTE!UpubnSfuvso!Mpoh!.'Mpoh!DOZ-Ti psulVTE<FVS;!IFVSVTE!
Upubn'Sfuvso!Mpoh!.Mpoh!FVS-ITipsulVTE<D 1 G;!D 1 GVTE!Upubn!Sfuvso!Mpoh!.!Mpoh!D I GIT i psu! VTE<KQZ;!KQZVTE!Upubn!Sfuvso!
Mpoh!.!Mpoh!KQZ-IT i psulVTE<VT!Epmbs;!VT!Epmbsloefy<!'TH!DUB;! TH!DUBNoe fy<!TH!Usfoe;! TH!UsFoelloefy<GY!Dbssz;!Cippncfsh!
HTBNI!GYDbsszloefy<EC!Wpn!Dbssz;!Efvutdi fICbo lWpibujijuz!Dbssz!)VT!MbshfIDbg*!EC!DUB;!EC!Dsptt!BttfulDUB!Usfoelloefy/
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Tpvsdft;!Bvui psit!dondvibujpot!gps!jmvtusbujpolboe!fevdbujpobilqvsgptftiponz/!EbublbsFlgspn!Cippncfsh\Cippncfsh!VT!Bhh!
Upubn!Sfuvsolioefy<Cippncfsh!VT!IDpsqpsbuf! I jhi!Zjfie!Upubn'SFuvsoloefy<!Cippncfsh!2.41Zs!HpwODsFejulUpubn Sfuvsolioefy«!
Cippncfsh!VT!UsFbtvsz!Upubn'Sfuvsolloefy<!Cippncfsh!21, 1Zs!HpwODsFeju!Upubn Sfuvsolloefy<!Cippncfsh!VT!UsFbhtvszlogibujpo.
Mjolfe!UpubnSfuvsolioefy<!CippncfshiVT!IUsFbtvsz!Cjmioefy<!ICippncfsh!VTINpsuhbhfICbd Ife! Tfdvsjujftlioefy<!ICippncfsh!
VT!Dpsqpsbufliowftun foulHsbeflUpubnSfuvsoloefy<!ICippncfshiMpoh!VT!IUsFbtvsz!xjui!21 , Z!UpubnSfuvsolioefy<!ICippncfsh!
VT!UsFbtvszlogibujpo!Opuft!21, Z!Upubn'Sfuvsolloefy<!Cippncsh!HipchnBhh!.!Bvtushijb!Upubn Sfuvsoloefy!Voi fehfe! BVE«!
Cippncfsh!HipcbhnBhh!.!Dbobejbo!UpubnSfuvsolioefy!Voi fehfe!DBE<Cippncfsh!HipcbnBhh!.Kbgboftf!Upubn Sfuvsolioefy!
VoifehfelkQz!Cippncfsh!FvspBhhljoefy<NTDIVTB!WonvFIHsptt!UpubnSfuvso!VTENoefy<INTDIVTB!Hspxu i !Hsptt!Upubn!
Sfuvso!VTENoefy<INTDIIVTB!Hsptt!UpubnSfuvso!VTENoefy<NTDIVTBIRVbijuz!Hsptt!UpubnSfuvso!VTENoefy<Obtebr.211!
Upubn!Sfuvsoloefy<INTDIIVTB!Njojnvn!Wpnbujrjuz!Hsptt!UpubnlSfuvso!VTENoefy<!T = Q!611!UpubnSfuvsolloe Fy<INTDIIVTB! Tnbm!
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WB;!DGBNotujuvuf!SFtfbsdi !Gpvoebujpo/epj;21/67338035/2/26/

Tnpnb-'Brfy!kK/-lboe!Cfsoibse!Tdi-+nlpqy/!3115//PB!Uvupsjbrlpo! Tvaqpsu'Wdups!Sthsfttjpoh!
Tubujtujdt!boe!Dpnqvujoh!25!)4*;12: -6333/lepj;21/21340C; TUDP/1111146412/5:65:/99/

Wbqojl-'Wibenjs!O/12: - :/'PBo!Pwfswjfx!pg! TubujtujdbnMfbsojoh!U i FpszhlFFF!Usbotbdujpot!po!
OfvsbnOfuxpslt!21!)6*;!:990: :/lepj;21/221:083/899751/

Wbqojl-'Wrbenjs!O/!13111/'Ui FlObuvsT!pg TubujtujdbnMfbsojoh!U i Fpsz-13oe!fe/!OFx!Zpsl;!
Tgsjohfs.Wfsibh/
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Gvodujpo!Bqgspyjnbujpo-ISThsFttjpo!Ftujnbujpo-boe!TjhobnQspdfttjohhlo!Bewbodft!jo!Ofvsh!
Jogpsnbujpo!Qspdfttjoh! TztufNt!:1)OJQT!2: : 7*-IFejufelcz!N/INp{Ffs!N/Kpsebo-boe!U/!Qfutdi f-!
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ENSEMBLE LEARNING IN
INVESTMENT: AN OVERVIEW

Brjsf{b!Zb{eboj-IQiE
Tfojps!WjdFlQsTtjefou-'Ebub!Tdjfodf!boe!BJ-lowftups!boelittvfs!TFswjdft-IDjuj

Introduction

Ui fivtfipg'rvboujubujwfinfui pet!jolgjobodfboe!jowFtunfoulbggndbujpot!jtiopublofx!
qifopntopo-!gbsujdvibsizibnpoh!npsfitpqijtujdbufelgsbdujujpofst/Uijtivtbhflitgbot!bxjef!
sbohflpginfuipet-jodivejoh!cvulopuhjnjufelup!gspcbejijtujd-tubujtujdbr-lboe!tupd i btujd!npefit<!
vojwbsjbuflboe!nviujwbsjbufluyjn . tfsjFtiufdiojrvftdejtdsfufiboeldpoujovpvt!tinvibujpot<!
njofbs!iboe!oponjofbsigsphsbnnjoh<ezobnjd!gsphsbnnjoh<boe!nbuifnbujdbnpqujnj{bujpo/!
Opuxjuituboejohlui flhsFbultvddftt!pginboz!tvdi!rvboujubujwFlinfuipet-lui fz!ibwf! lopxohjn.
jubujpot-ljodivejohlui Figbsbin fusjd!ps!gsFtqfdjgjFe!gvodujpobrligpsntiui bulmbzibd lgrfyjcjnjuz-lui Fp.
sfujdbnlebublejtusjcvujpo!bttvnqujpotiuibulbsflsFhvibsiz!wjpibufe-lboe!dpngvubujpobnid i bmFohft!
bttpdjbufe!xjuilui Fitp.dbmfe!dvstFipglejnfotjpobnjuz/!Bo!fws.hspxjohhjtu!pglgFefsbufe!ebubtfut-!
bnpohtjeflui Flefwfipgnfoulpglupprtiuibulusbotgpsn!tvdilebub!joup!vtFgviwbsjibenftigps! Fyqrbob.
upsz'boe!gsfejdujwFlubtit-ldomt!gpsib!gbsbejhn!tijguljo! i pxx!gjobodjbrlebub!bsFivtfelboe!qspdfttfe/

Jolsfdfoulzfbst-lgjobodjbnlebub!tdjfodfliboe!Nnbdijofinfbsojoh)NM*Infui pet! ibwflcFfo!xjefiz!
bepqufe!btigsfejdujpo'boelefdjtjpo.tvqgpsulnfbot!jowbsjpvtjowFtunfoulbqarjdbujpot/!
Ui Fligpmpxjoh!bsFltpnfipglui Fldpousjcvujohlgbdupstiup!tvdi!xjeftgsfbe!bepqujpo;

o OvnfsjdbilgpxTfsiboelgifyjcijuz!pg!NMjolefbrjoh!xjuilvotusvduvste-!gsjwbuf-lboe!njdsprfwf!
ebub!cfzpoelui flusbejujpobn fdpopnfusjd!nfui pet)Moqf{lef!Qsbep!312:*

o' Tdbrbcjnjuz!pg!NM!jolejtujmjohitbshflebubtfut!dpotjtujoh!pg!nboz!wbsjberft!)gbdups!{pp*!
joup'tvctfutiuibulstijbciz!gsfejduldsptt. tfdujpobnwbsjbujpot!jo!tupdl!sfuvsot!)Hv-IL fmz-!
boe!Yjv!3131*

o/ Ui T!Ifggjdbdz!pglui FINMINnpefit!jolgsfejdujoh!dsptt. tfdujpo!pgitupdlisfuvsot-ldpngbsfelxjui!
psejobszinfbtu.trvbsft!) PMT*IsFhsfttjpo-Ibuusjcvubcnfluplui fjsibejnjuz!upvodpwfsiopornjofbs!
gbuufsot!boelspcvtuofttiup!nviujdpmjofbs!gsfejdupst)HvIfulbn/!3131*

o UiTlgpttjcjjuz!pglefnztujgzjoh!)j/f/-lcsfbljohlepxo!boe!fyqgrbjojoh*!NM!Igsfejdujpot!joup!
njofbs!oponjofbs!boe!joufsbdujwfldpngpofout!)Mj-lUvsljohupo-boe!Zb{eboj!3131*

Tinpojbo'boe!Ghcp{{j!)312: *Ibshvfeluibulgjobodjbnebub!tdjfodf!jtlup!cFlsFhbsefe!bt!blejtdjgnof!
joljut!pxolsjhiulboelopulb!NfsFlbqgndbujpo!pglebub!tdjfodFinfui petlup!gjobodfpsiblcsbodi !pg!
dnbttjdbnfdpopnfusjdt/

Pof!nbkps!icsbodi!pginbdijofinfbsojohljtitvgfswjtfelrfbsojoh-!x i fsFlbwbjiberflebub!bsfivtfelup!
ushjo!b!npefnluibuljtiup!Ftubcrjti!b!nbqggjoh!cfuxffoljoqvulwbsjberft!)brtp!lopxo!btlgfbuvsft!
ps'gsfFejdupst*!boe!pvuqvulwbsjberft!)brtp!lopxo!btlui Filbcfit-lui FisFtgpotf-psiui Flefgfoefoul
whsjberf*/Jglui FisFtgpotflwbsjberfljt!dpoujovpvtiovnfsid-lui Finpefiljtidbmfe!b!sFhsFttjpo-'boe!
jQui FisFtgpotfjtidbufhpsjdbr-lui Finpefiljtidomfe!bldibttjgidbujpo/!Uijtinbggjoh!jtiui FolvtFe!gps!
jogFsfodf!boe!tdpsjoh-lup! Fygrbjolui Fistibujpotijg!cfuxFfolui fljoqvulboe!sFtgpotf-Ips!jefhmz!up!
nblflgsfejdujpotibcpvului flofx!wbnvft!pglui fisFtgpotfiwbsjbcrflhjwfolui flofx!jogqwvu/
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Bnpohlui fixjefizivtfeltvgfswjtFelrfbsojoh!npefit!bsfifotFncrft-Ixijdilbsficbtfe!polui Figsf.
tvnqujpo!pglui Fixjtepn!pgldspxet/NoluijtiwjFx-ldpncjojohlejwfstFipgjojpotigspn!bldpnnjuuff!
py'tfwfsbiljoejwjevbrt!dbonfbelup!hsfbufs!xjtepn/lio!pui fsixpset-ldpncjojohinviujgrflgsfejdujpot!
pcubjofelgspnlovnfspvtitpnfxibujoefgfoefou'nfuipet!pgufonfbetiup!cfuufsigsfejdujpotiuibo!
jefoujgzjoh!b!tjohrflcftu!gsFejdujpo/lolblsFhsFttjpo-luijtidpncjojoh!dbo!cFlitjngrflbwisbhjoh!ps!
pui fsltpqijtujdbufe!xfjhiujoh!nfdibojtnt-Ixifsfbt!jo!b!dibttjgjdbujpo-Inbkpsjuz'wpujoh!ps!pui Fs!
xfjhiujoh!nfdibojtNntinbz!cfivtfe/\Ufdiojdbmz-lui flrvFtujpo!jt! i px!fyfdujwhz!bo!fotFncnf!
npefildbolefdpngptficjbt!boewbsjbodFlufsnt-lup!cFberflup!npsflhfofsbmz!xpsl!xfmpo!gsf.
wjpvtizivotffoluftulebublopulvtfelgpsinpefilushjojoh/!SFdbm!uibului FIfygfdufe!npefqgsfejdujpo!
TsspslgpsiblsthsFttjpolnpefi-btinfbtvsfelcziui finfbo!trvbsfe!fssps!)NTF*-ljtligpsnvibufe!bt

! NTF=F\)2 —z*"=F\)d - F\@"*3"-)F\@"— z*3/ |
Uijtisfrbujpotijq!dbo!cfljoufsgsfufelbt;
! NTF!=Wbsjbodf +Cjbt3/!

1 Fsf-Icjbtisfyfstiuplui Fifsspsidpnnjuufelcziui firfbsojohlbrihpsjul N-Ix i fsflijh i fswbonvFtinbzljoej.
dbuflvoefsgjuujoh!bt!blsFtviu!pglui Finpefilgbjijohlup!befrvbufiz!Ftubenjtilui Fisfibujpotijgticfuxffo!
gFbuvsttiboe!pvugvu/WosjbodFlsFgFstiuplui Fifsspslgspnlui FitFotjujwjuz!pglui Finpefilup!bopui fsitvetfu!
pglusbjojohlebub-Ix i fsflijhi FsiwbnvTtljoejdbuf!pwsgjuujoh/!HFofsbmz-lui fFinpsfldpngrfylui finpefi-!

ui Finpx<Fslui Ficjbt!boelui FlijhiFslui FlwbsjbodFixxjm cf/lotubodFt!pgnpefildpnarfyjuz!jodive !
vtjoh!nboz!gfbuvsft-b!hsfbufslovncfs!pgigbshnfufst-lboeldpnarfy!npefileftjho!psibsd i jufduvsF/!
Ui ficjbtowbsjbodflusbe . pggldpodfsot!njojnj{johluftulfssps!cz!gjoejohlui Fisjhiu'npefildpnagrfyjuz/

Cfgpsflefiwjoh!jouplui Flwbsjpvtidbufhpsjftiboelui flrvimjujft!pgfotFncrflnpefit-ljuljtixpsui!
nfoujpojohluibului Fljefblpgldpncjojoh!gsfejdujpot!jtiopulbo!foujsfiziofx!pof-lboeljulibt!
gsfwjpvtnzicffoltuvejfe!cz!tubujtujdjbot!boe! Fdpopnfusjdjbot-!gbsujdvibsiz!jo!ui fidpoufyu!pg!
unF.tfsjftigpsfdbtujoh/o!b!tFnjobixpsl-ICbuftiboe!Hsbohfs!)2: 7 :-1q/!562079* pctfswfe!
uibu'Pdpncjofelgpsfdbtut!zjfienpxFsinfbo.trvbsfifsspsluibo!Fjui Fs!pglui FpsjhjobnigpsFdbtuth!
Pwfslujnf-ItfwFshnldpncjobujpo!nfuipet!ibwflcffolefwiipgfe-jodivejoh!tjingrflbwfsbhjoh-!
uiNnf.xfjhiufelboe!gfsgpsnbodf.xfihiufe!ftujnbujpot-loponjofbsidpncjobujpo-boeldpncjojoh!
cz!nfbsojoh!)>Xboh-! 1 zoenbo-!Mj-lboe!Lboh!3134*/'Dpncjojohljt!ejsfdunz!sfibufelup!b!tgfdjbndbtF!
pyfotFncrfinfbsojoh!lopxo!bt!tubdljoh-IXxijdilxjmlejtdvttiibufy!Cz!bhhsFhbujoh!gsfejdujpot-!
fotFnorflinpefit!sfevdflui fjngbdu!pg!Fsspstiboelopjtfluibulnbz!fyjtuljo!joejwjevhngsFejdujpot-!
fobcnjohlui fnlup!bd i jfwfthstbufs!pwisbm!bddvsbdz-Isfijbcjrjuz-lboe!tubcijnjuz/

Ensemble Methods

lolgsjodjgrf-IFotFncrfinfui pet!tibsfluxp!nbjoldpngpofout;blejwfstFitfulpglgsFejdujwFPchtf!
rFbsofsplnpefitiusbjofe!po!tbnagrfe!tvctfut!pglusbjojoh!ebub!boelb!dpncjobujpo!nfdibojtn-!
tvdi!bt!lbwFsbhjoh!psiwpujoh-lvtfelup!bhhsFhbuflui figsfejdujpotigspniui FtFlcbtfirfbsofst!

)Grbd i1!3123*/!Cspbenz!tgfbljoh-Ifotfncifinfui petigbmjoup!pof!pgiuisFFidbufhpsjft;cbhhjoh-!
cpptujoh-lboe!nfub.rfbsojoh/NoluijtitFdujpo-IxFisfwjFx!ui FtFldbufhpsjFt-lbt!>xfmbt'tpnT!
gspgfsujftiboelgpttjerflesbxcbdlt!pgfotFncerfirfbsojoh!infuipet/

Cbhhjoh

Tipsulgps!Pcpputusbggfelbhhsthbujohplcbhhjoh!jtiboljotubodf!pglFotFncrflbwfsbhjoh!> i fsF!
blejwFstflhspvg!pglcbtflinpefit)jtlefwiipgfelboeldpncjofe!xjuilui fifoe!hpbnpgljngspwjoh!

DGBYotujuvuf!SFtfbsdi!Gpvoebujpo! o 53




Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

ui Fltubcjnjuz!boe!bddvsbdz!pg'dibttjgjdbujpolboe!sFhsFttjpo!brhpsjui nt/!U i Ftflcbtfinpefit!bst!
cvjiuljoefgfoefounzluispvhilsfqgfbufenz!cpputusbqgjoh!)j/f/-ishoepn!tbnarjoh!xjui!sfarbdf.
nfou*lgspn!ui Flusbjojohlebub!) tFFIExhibit 1*/!ICbhhjoh!jt!gbsujdvibsiz!fggFdujwF!cFdbvtFlpglui f!
gpttjcjnjuz!pglui Fidbndvibujpo!pgltp.dbmFe!pvu. pg.cbh!fssps;lui FlbwFsbhFlpglui FIfsspstigspn!
fhdiljoefgfoefounz!efwhipgfe!npefifwbnvbufe!polui Fivotfrifdufe!tvctfulpglusbjojohlebub!
evsjohlui Flcpputushggjoh/!Pvu.pg.cbh!fssps!ftujnbujpoljt!bo! FogFdujwFinfdibojtn!tjnjibs!up!
dsptt.wbnjebujpo-hfbejohlup!cfuufsinpefildbrjcsbujpo!boe!pwfsbm!jngspwfnfoulpglgsfejdujpot/

Qfsibgtiui flcftu. lopxo!fybnarf!pgcbhhjohljolnbdijofirfbsojoh!jtiui flsboepn!gpsftut!
bihpsjui N!)Csfjnbo!3112*/!Shoepn!gpsFtutibsfihfofsbufelcz!cviejoh!blibshfldpmfdujpo!pg!
ef.dpssfibufe!boe!gpttjcizleffglefdjtjpolusFftiboelui foldpncjojohlui fFNluispvhilbwfsbhjoh!
jolsFhsfttjpo!ps!Nnbkpsjuz'wpujoh!jo!dibttjgjdbujpo!)tFFIEXhibit 2*/!EfdjtjpolusFFtirfbso!cz!sFdvs.
tjwF!gbsujujpojoh!pglui FlgFbuvsFltgbdfboe!dibttjgzjoh!nfncfst!pglb!gpgvibujpo!cz!tfgbsbujoh!

Fyijcju'2/!B!Cpputusbqqgfe!Bhhsthbujpo!Fotfncrf

Bwfsbhjoh0

NDbkpsjuz GjobrnlQsfejdujpo
Wpujoh

Usbjojoh!Ebub

Sboepn

1
1
1
1
1
1
1
1
1
1
1
1
1
AY

........................

Fyijcju!3/!B!Sboepn!GpsTtu!Npef

Usbjojoh!Ebub

Sboepn!tvctfu 2 Sboepn!tvctfu™3 Sboepn!tvctfu o

ﬁ}\/ﬁ?\ |

Qsfejdujpo™2 Qsfejdujpo™3 Qsfejdujpo o

| BwfsbhjohONbipsjuz!Wpujoh |

Gjobn!Qsfejdujpo
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jujoup!tveqpgvibujpoticbtfe!powbsjpvtiejdi pupnpvtljoefgfoefoulwbsjberft/!EfdjtjpolusFft!
ibwFleftjsherflgspgfsujft-jodivejohlbvupnbujdiwbsjberfltfifdujpo-!iboenjoh!njyfelgfbuvsttiboe!
Njttjohiwbnvft-boe!tdbnbejjuz/'Ui FleFquilboelcstbeui!pglefdjtjpolusFftifobenftiui fnlup!dbg.
uvsFinpdbrigbuufsot!jolushjojohlebublboelsFevdficjbt//CFdbvtflui FtFlusFFtibsFljefoujdbmz!ejtusjc.
vufe-lbo!fotFfncrfldpotjtujoh!pglui FlbwFsbhflpglui ptFlusFFt!ibtlui Fitbnficjbt!btiui fjoejwjevbn!
usFFt/\glui FeFlusFFtibsFlhspxo!polui Flshoepn!tvetfut!pglebub!boeljoqvulwbsjberft-lui Fis!gbjsxxjtf!
dpssfibujpoljtisfevdfeluplui Fifyufouluibului Ficbhhfe!fotFncrfldpotjtujoh!pg!b!tvggjdjfounz!nbsh !
ovNncTslpglusFFtidbo!bd i jfwFbo!pwTsbminpxFsiwbsjbodf!) I btujf-!Ujctijsboj-boe!Gsjfenbo!3128*/

Ufdiojdbmz-gps'n 'Joequoefoumz'boe'jefOUJdbmmz'ethSvaufelefdjtjpo'usff'qsfedeJpotIXJu|'
whbsjbodfle3-lui FjslbwFsbhf!i btlblwbSJbodflpg'—/IX i folgsfejdujpot!bsflopuljoefgfoefoulzfului fjs!
nbyJnvn!qbJSXth!dpssfmbulpoljt!cpvoefe!cz! -lui FlwbsjbodF!pglui FjslbwFsbhfljticpvoefelcz!

_ A*3
po® +)2%/!Jo!pu i FsIxpset-lblshoepn!tfifdujpo!pgjoqvulwbsjberft!ixjmsFevdflui Finbyjnvn!
gbjsxjtFldpssfibujpo-!p!) i FodfisFevdjohlui FlgjstuluFsn*-Iboe!bo!jodsFhtfljolui flovncTs!pglefdjtjpo!
usFFt-In-IxjmisFevdflui FitFdpoelufsn-IsFtviujohljo!pwfsbmsFevdujpo!pglui Flwbsjbod /IGpsibo!fif.
hbou!fygptjujpo'boe!lufdiojdbnejtdvttjpo!po!tfwEshngspgfsujFt!pgisboepn!gpsFtut-ltFFICsFinbo!
)3112*/'WiFjnagrfnfoubujpo!pgfotFncrf.chtfe!nfui petigpsidibttjgjdbujpo-!sFhsfttjpo-'boe!
bopnhnz!efufdujpo!jt!tusbjh iugpsxbseljo!gsbdujdf/!Gps! fybnagnf-ljo!Qzui po-'nboz!tvdi!npefit!dbo!
cfldsfbufelvtjoh-lbnpoh!pui fst-lui Fitdjlju.rfbsolnjcsbsz/!U i Fligpmpxjoh!jtbo!FybnarfldpeFigps!
dsfbujoh!ui fishoepn!gpsftuldibttjgjdbujpo!npefiljo!Qzuipo;

gspn'tinfbso/FotFncrfljngpsu!SboepNGpsftuDibttjgjfs
gspn'tinfbso/npefi” tfifdujpo!jngpsulusbjo”uftu” tgnju
$dsfbufib!tzoui fujd!ebubtfu
gspn'tinfbso/ebubtfutjngpsunblf dibttjgjdbujpo

Y-1zI>Inb I dibttjgjdbujpo)o” thnagnfFt>2111-10" gfbuvsFt>21-l0" jogpsnbujwF>7-!
sboepn tubuf>234*

$Tanjului Flebubtfuljoup!91&!usbjojoh!boe!31 & uftujoh!tfut

Y usbjo-1Y uftu-1z" usbjo-!z" uftu!>lusbjo " uftu™ tanju) Y-!z-luftu” tj{f>1/3-'shoepn " tubuf>234*

$usbjo!b!Sbhoepn!GpsTtulnpefilboe!qgsfejdu
npefn'>ISboepnGpsftuDibttjgjfs)sboepn ™ tubuf>234*
npef/gju)Y usbjo-1z"usbjo*

npefi/gsfejdu)Y uftu*

$nfbo'bddvshdz

npefi/tdpst)Y uftu-z uftu*
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Cpptujoh

Cpptujohljtitjnjibslup!cbhhjohljo!uibuljulcfFofgjutigspn!ebub!tbngnjoh!boewbsjberfltbnarjoh-1bt!><f!
btljolui Flgspgfsuz!pgldpncjojoh!tfwfsbnicbtfirfbsofst/olcpptujoh-'1 pxfwfs!vonjlficbhhjoh-lui f!
cbtjd!infdibojtn!jticjbt!sFevdujpo-gbsujdvibsizvtjoh!tibmpx!usFft/lolbeejujpo-lcbtfinfbsofstibst!
ushjofeltfrvfoujbmzlup!dpssfdului Fifsspst!pglui Flgsfwjpvtinfbsofst/!IUi fipsjhjobricpptujohldibttjgjfs!
BebCpptu-lgspgptfelcz!Gsfvoelboe! Tdibgjsf!)2: - 7*-Ixpslticz!tFrvfoujomz!usbjojoh!xFbl!dibttjg;.
fstluibulgpdvt!polui FinjtubIft!pglui Flgsfwjpvt!pofticzibttjhojoh!ijhifsixfjhiutlup!njtdibttjgjfe!
thnagrft/IUiflgiobngsFejdujpoljtibixfjhiufeltvn!pglui fljoejwjevbilrfbsoFstlpvugqvut!) tFFExhibit 3*/!
Opuxjuituboejohljuttvqfsjps!gsFejdujwfbddvsbdz-lui FIBebCpptulnfuipeljtitfFttisfbejiz!joufsqsfub.
crfluibolefdjtjpolusFftiboelsFrvjsftibinpohfslusbjojoh!ujnf/

Ui flhsbejfoulcpptufelnpefi)HCN*Igspgptfe!cz!Gsjfenbo!)3112* ibt!gspwielup!cflblgpgvibs!
bufsobujwflcpptujoh!nfuipe!cfdbvtfjulnjujhbuftitpnflipg!BebCpptult!gsperfnt/IUi FIHCN!
xpslticz!tfrvfoujbmz!beejohlofx!lusFFlgsFejdupst!boeluszjohlup!gjului FloFx!gsFejdupsiuplui FisFtje.
vhilfsspsticzlui FlgsfwjpvtiusFF-Ixijdilhsbevbmz!jngspwft!gsfejdujpot!btiofxlusFftibsfibeefe!
)JHéspo!312:*/'0Opubcnz-IsfdfoulbewbodFnfout!jo!cpptujoh!bnhpsjui NtOgps!IFybnagrf-'YHCpptu!
)Difolboe!Hvftusjo!3127*boe!MjhiuHCN!)LF-INfoh-!Gjofiz-1Xboh-!D i fo-INb-!1Zf-boe!Mjv!3128*C
gpdvt!polsFhvibsj{bujpo-'bebqubcjrjuz-fygjdjFodz-'boe!tdbnbcijnjuz-!< i jrflNbjoubjojoh!ijh i lbddvsbdz/!
Ui figpmpxjoh!jt!bo!fybnagrfldpeflgps!dsFbujohlui flhshejfoulcpptufelsFhsFttjpo!npefjo!Qzuipo;

gspn'tinfbso/ebubtfutjingpsulnblf sFhsfttjpo
gspn'tinfbso/FotFnenfljngpsu!HsbejfouCpptujohSFhsfttps
gspn!tinfbso/npefn tffdujpo!jngpsulusbjo” uftu™ tanju
$dsfbuflb!tzoui fujd!ebubtfu

Y-1z!I>Inblf sfhsfttjpo)o tbngrft>2111-lo gfbuvsFt>21-10"jogpsnbujwf>7-!
shoepn tubuf>234*

$Tonjului Flebubtfuljoup!91 &lusbjojohlboe!31&!uFtujoh!tfut

Y “usbjo-!Y " uftu-1z"usbjo-!1z" uftu!>lusbjo " uftu tanju) Y-1z-luftu” tj{f>1/3-Isboepn ~tubuf>234*
$usbjo'b!npefi-lgsFejdulboe!tdpsf

npefil>IHsbejfouCpptujohSFhsfttps)sboepn ™ tubuf>234*

npef/gju)Y usbjo-!z"usbjo*

npefi/gsfejdu) Y uftu*

$uiFldpfygjdjFoulpglefufsnjobujpo!S.trvbsfe

npefi/tdpsf)Y uftu-1z" uftu*
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FotfncrfiMfbsojoh!jolowftuntou;!Bo!Pwfswjfx

Fyijcjuld/IFybnarf!Cpptujoh!Nfdibojtn!Dpotjtujoh!pg!Efdjtjpo!
UsFFIChtFIMfbsofst

..........

USbJOJOh'EbUb :
1

A

USb]O]Oh'TVthUt " XfblMfbsofst " ijhlufelFsspst '

________________________________

Nfub.Mfbsojoh

Nfub.rfbsojoh!jowpmFtlusbjojoh!b!tfulpglcbtFinpefitiboe!bitplusbjojoh!b!nfub. npefilup!dpncjof!
ui Fn!jolpsefsiup!bdijFfwFlui FlhsFbuftulcjbtowbsjbodflusbeF. pggt/IGps!fybnarf-lvtjoh!btiofx!joqwvu!
gFbuvsFtiui figsfejdujpotigspn!tfwfshilejwfstFichbtfirfbsofst!)f/h/-ldpotjtujoh!pg!binjofbsinpef-!
nviujgrflusFFt-lboelblofvshnofuxpsi*-!blijofbsinfub. npefildbo!cFlvtFeluphfbsolui FixFjhiutlup!
cftuldpncjoflui ftflgsfejdujpot!)Gibdi!3123*/

Brufsobujwfiz-IbnphjtujdisthsfFttjpo-lblefdjtjpolusFf-Ipsibo!fwFolnpsfldpnagrfy!npefildbo!cT!
vtfelbt!ib!nfub.Nnpefilczigpmpxjohlui fltbnfljefbluibulgsfejdujpotigspn!cbtfinfbsofst!bsfljoqvul
gFbuvsFtiuplui Finfub. npefi)bt!tipxo!jo!Fyijcjuld*/\Uijtibggspbdiljtibrtp!lopxo!bt!tubdIfe!
hfofshij{bujpo!)Xprqfsu'2: : 3*ps'tingiz!npefitubdljoh-Ibt!ti pxoljo!Exhibit 4/'Tubdljoh!vtvbmz!
jowpmwFt!Ftujnbujoh!xfjhiut!gps!Fodi!cbtfirfbsofsivtjohlui FirfbtultrvbsfFtinfuipe/lUi ftf!
xTFjhiut!ldbo!cfisFtusjdufelupwbnvFtihsFoufsluibo!{fsp'boe!Xjui !blupubntvn!pg'pofiuibultpmFlui f!
bttpdjbufe!rvbesbujdigsphsbnnjoh/!Uijtibqgspbdi!ibtiui flbewboubhfluibu!ftujnbufe!xfjhiut!
dbo!cfljoufsgsfufe!btigspcheijuziwbnvFtiboe!brtp!bwpjet!hjwjohlupp!nvdi!xfihiulup!cbtflinpefit!
Xjuilijhildpnqgrfyjuz/!Pof! Ifz!dpotjefsbujpo!xijrflusbjojoh!nfub. npefit!jtiup!vtfib!wbnjebujpo!
tbngrfluibuljtlejggfsfoulgspnlui Flebub!vtfeljolushjojohlchtfirfbsofst-Itp!btlup!bwpjelqspgbhbujoh!
boz!cjbtftjolui ficbtfirfbsofst/

Ui Fligpmpxjohljtibo!fybnqrflQzui po!dpefigpsidsfbujoh!b!tubd I fe!dibttjgjfs!icz!vtjoh!blsboepn!
gpsftulboe!bltvaqpsuwfdups!dibttjgjfs'btiui FicbtflinpefitlboehphjtujdisFhsFttjpo!btiui !
nfub.rfbsofs;
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Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

gspn'tinfbso/FotFnerfljngpsu!SboepNGpsftuDibttjgjfs
gspn'tinfbso/twn!jngpsuMjofbsTWD
gspn'tinfbso/mjofbs™ NpefiljngpsulMphjtujdSfhsfttjpo
gspn'tinfbso/qgsfgspdfttjoh!jnqgpsu!TuboebseTdbifs
gspn'thnfbso/qjgfjofjngpsu!nblf qgjgfjof
gspn!tinfbso/FotFnerfljngpsu! TubdljohDibttjgjfs
$dsfbuflb!tzoui fujd'ebubtfu
gspn'tinfbso/ebubtfutjngpsulnblf dibttjgjdbujpo

Y-1z!>Inb I dibttjgjdbujpo)o” tbnagnft>2111-'0" gfbuvsFt>26-'0"jogpsnbujwf>7-!
shoepn " tubuf>234*

$Tonjului Flebubtfuljoup!91&lusbjojohlboe!31&!uFtujoh!tfut

gspn'tinfbso/npefi” tfifdujpo!jngpsulusbjo”uftu” tgnju

Y " usbjo-1Y uftu-1z"usbjo-!z" uftu!>lusbjo " uftu™ tanju) Y-1z-luftu” tj{f>1/3-'shoepn " tubuf>234*
$usbjo!b!nfub.Nnpefilboe!gsfejdu

ftujnbupst!>\)isgt!SboepnGpsftuDibttjgjfs)o™ Ftujnbupst>211-Ishoepn” tubuf>234**-
)otwstNb £ gjgfjof) TuboebseTdbrfs)*-

MjofbsTWD)sboepn ™ tubuf>234***

dng!>!Tubd ljohDrbttjgjfs)Ftujnbupst>ftujnbupst-lgjobr” Ftujnbups>MphjtujdSFthsfttjpo)**
dng/gju)Y "usbjo-!z"usbjo*

tdpsF)Y uftu-1z uftu*

Qspqfsujft!pg!FotFncrfiMfbsojoh!Nfuipet

CTgpsfinjtujoh!nbkps!jotubodft!pglui Flgjobodjbnbqarjdbujpot!pg fotFncrflnpefit-Uixboulup!ijhi.
njhiujngpsuboulgfbuvsftiboe!nfdibojtntibttpdjbufe!xjuiltvdilnpefitiuibulbsfIfzluplui fjs!
Xjeftgstbelbepqujpo;

o' UiTlcpputushgqgfe!bhhsfhbujpo!ps!jufsbujwf!dpssFdujpo!nfdibojtntleftdsjcfe!qgsfwjpvtiz!
ingnzuibufotFncrflnpefrt!nbz!bd i jfwflpqujnbilcjbtéwbsjbodFlusbe F. pggt-IsFevdfe!sjtl!pg!
pwFsgjuujoh-boe!jngspwfe!spcvtuofttiuplopjtflboe!pvurjfst/!Ui FtFlgfbuvsftinblf fotFncrft!
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FotfncrfiMfbsojoh!jolowftuntou;!Bo!Pwfswjfx

Fyijcju!'5/'Fybngrf!Npefi Tubdljoh-! X 1 fsF!ICbhtFIMfbsofst!
steJdUJpot'Bsf'thtfe'U 1spvhi!b!Nfub.MFfbsofs

1
EfdjtjpolUsFf : !
1 1
' - Gjobm'stedeJpo
TWN ! : . thsfttjpo
1
1
Sboepn!Gpsftu :
:
1
1

1
1
1
1
1
1

Usbjojoh!Ebub

1
1
Ofx!Usbjojoh |
Ebub !

AY
4 D R

............

blgpxfsgvnldi pjdFigps!gsFejdujwFlubttiuibulsFrvjsfihppe!pvu.pg. thngrfthfofsbrj{bujpot!
polijhi.wbsjbodf-Ihpx.tjhobn.up.opjtfigjobodjbnebubtfut/

o/ FotFncrflnpefntitdonfixfmxjuibshflebubtfut-Inbljohlui fn'!tvjubcrflgps!cjhlebubljo!
gjobodf/lo!qgbsujdvibs!ui fz!dbo!iboerfiwbsjpvt!joefqfoefou!psjoufseFgfoefoulwbsjberft-!
jodnvejohlgisn!gvoebnfoubrt-lNbdspfdpopnjd!gbdupst-boe!nbsfultfoujnfout-lboelgpdvt!
polui Finptulsfrfwboulwbsjbcrftiuibuthfofsbuflui Fituspohftu'tjhobnt/

o/ Gjobodjbntztufnt!bsFldpnarfy-loporjofbs!boe!svifelczlejggfsFoulnbslfulsFhjnftiboe!
fdpopnjdldzdrft/!Ui fz!dpotjtu!pglovnTspvtiwbsjberftluibulnbz!cfibwflboe!joufsbdul
vofyqgfdufenz!voefsiwpibujrflboe!bcopsnbildjsdvntubodft/! I fufsphfofpvt!fotfnenf!
nfuipet-lgbsujdvibsiz!sFhsFttjpolusFft-ldpncjofinpefit!pglejggFsfouluzgFtiup!'dbquvsFinvij.
Xxbz!gsfejdups!joufsbdujpot-'bmpxjohlgifyjcjnjuz!jo!dbquvsjohlwbsjpvt!gbuufsot!jolgjobodjbnebub!
boe!tvctfrvfourz!bebqujohluploporjofbslboe!tipsu.njwfelezobnjdt/

o  FotfFncrfinpefit!dbo!fbtjnzbddpnnpebufinboz!ebub!gsfgspdfttjoh!boe!bekvtunfoul
tusbuFhjft)tvdi'bt!cbibodfe!cbhhjoh!ps!xfjhiufelcpptujoh*up!iboerflsbhsflboe!jnchibodfe!
ebub-!pgufo!fodpvoufsfeljolgshvelefufdujpo-ldsFejulefgbviulgsFejdujpo-fdpopnjdisfdfttjpo-!
boe!fyusFnFisjtl!fwFout/

o FyqgmbjobcjnjuziufdiojrvftigpsiusFf.cbhtfelfotfncrftinbz!cfivtfelup!nblflui Ftfnpefit!
npsflusbotgbsfoulcz!Fygibjojohlui fijslgsFejdujpot/!GpsiFybnarf-lgFbuvsFjnqgpsubodfltdpsTt!
jefoujgz!jognvFoujbnigsFejdupst-boe! T ibgrfziwbnv )T i barfz!2 : 64*gspwje Finpdbnlbuusjcvujpo!
bobnztjt!pglui Flgsfejdujpot/IUi Ftflufdiojrvftihsfbunz!bjeljolvoefstuboejohlui flefdjtjpo.!
nbljohlgspdfttft/

FotfncrfIMfbsojoh!Dibmfohft

Eftgjuf!tuspohlqgsfejdujwF!gfsgpsnbodf-lvtjohiFfotFncrfirfbsojoh!nbz!dpnfixjui!dfsubjo!dibn.
rFfohft-biuipvhilbshvbenzlopulbt!nvdilbt!xjuiltpnflpui fs!nbdijofirfbsojoh!boe!leffgnfbsojoh!
ufdiojrvft/IGjstu-IfotFnenfinpefitinbz!cfldpotjefstelcibd lcpyft!xjui pvulvtjohljoufsqstu.
bejnjuzlupprt-lnbljoh!julb!d i bmFohFlup!fyqibjo!gsfejdujpotiup!opoufdiojdbntubIfiprefstiboe!
sfevdjohlusvtuljo!dsjujdbnbqqgrjdbujpot/lJo!beejujpo-lusbjojohlboelqgsfejdujoh!xjui ' fotFncrflinpefit!
pgufo!sFrvjsFitjhojgjdbouldpngvubujpobilsFtpvsdft-!gbsujdvibsiz!gpshbshflebubtfut!psidpnagnfy!
npefit/'Bt'tvdi-ldpngbsfe!Xjuiltingrfsinpefit-lefgipzjoh!fotFncrflinpefit!jo!gspevdujpo!
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Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

fowjsponTtout!dbo!cFinpsfldibmFohjoh!cfdbvtfipglui fjshbshfs!tj{f-!npsfldpnagrfy!gjgfjoft-boe!
Tfyusb!dpnqvubujpobriefnboet/

Jolgbsujdvnbs!hshejfoulcpptujoh!brhpsjui Nnt!dbo!cftpx!uplusbjo!cFdbvtfpglui FjsttFrvToujbn!
usFf.cvjrejoh!gspdfttiboelui fidpnarfyjuz!pglui Flizgfsgbsbnfufsluvojoh!gspd et/ Xjui pvulbef.
rvbuf!dbnjcsbujpo-!Fjul Fs!pwsgjuujoh!psivoefsgjuujohljt!gpttjcrf/!IGjobmz-lgpmpxjoh!lui FiPop!gsFT!
nvodiplui fpstn!)Xpigfsul2: : 7*-Ixijdiltubuftiuibului fsfljtlop!cftultjohrfinbdijofiifbsojoh!
brihpsjui Nnlgps!bmigpttjcrfigsfejdujpolgsperfnt-pofldpwvielbshvfluibului FsFlbsflovnfspvtisthn.
xpstelebubtfutlboe!gsfejdujpolgsperfntigpsixijdilfotfnerfinpefit!xjmopulcflui flupg!gfs.
gpsnfst/lo'tvdi!djsdvntubodft-pui Fsinpefit!boe!bihpsjui Nt!bsfisFrvjsfe-lefqfoejoh!polui f!
PtgfFfedbddvshdz6dpnarfyjuziusbef. pggth!) XpngFsu!3113*/

Applications of Ensemble Learning in Finance

B!rvjdl'tvswfz!pglui FliijufsbuvsFigvernjti feljolui FiibtulgFx!zFbst!gpjout!up!tfwsbilgjobodjbnbqqn.
dbujpot!pgfotFncrfirfbsojoh-vtvbmz!xjui!bldpotje Fsberfirfwfnlpgltvddfttidpngbsfe!xjuil!
dbttjdbninfui pet/ujtlopulgpttjcrflup!sfwjfx!psiwbnjebuf!bmiui fjotubodFthnjtufe!jo!ui Finjufsbuvst-!
cvullixxjm'ijhinjhiulb!tNnbmitvctfulpg'tvdi!bggudbujpotigspnlejggfsfouldbufhpsjft-Ixijdi!tipwre!
gspwjeflblhppelqgfstgfdujwf!polui Flwbsjfuz!boe!dpngbsbujwF!gFsgpsnbodfpg fotFncrflnpefit/!
uiftflijhinjhiuvfe!fybnagrft!dbo!cflhspvgfe!jouplui Flgpmpxjoh)npptziefgjofe-'tpnTfxibu!
pwfsibggjoh*luisFfldbufhpsjft;!qpsugpnjp!nbobhfnfou-lwpnbujnjuz!gpsfdbtujoh!boe!pqujpo!gsjdjoh-!
boe!njtdfmbofpvt!bqqrdbujpot/

Qpsugpnp!Nbobhfnfou

Qpsugpnjp!'Nbobhfnfoulfodpngbttftiwbsjpvt!bdujwjujft!sfibufelup!jowFtunfou!tfifdujpo-'gpsugprjp!
dpotusvdujpo-'boe!bttfulbmpdbujpo!pqujnj{bujpo!jo!psefslup!Nnffului fitipsu.boelpoh.ufsn!
gjobodjbnpckfdujwFt!boe!sjtluprFsbodf!pg!bo!jowFtups!ps!ibo!jotujuvujpo/Uijtlebub.joufotjwFlgsp.
dfttluzgjdbmz!jowpmFtibobnz{joh!gbdupst!boe!ijtupsjdbisfuvsot-1ftujnbujoh!inpefilgbsbnfufst-!
gpstdbtujoh!sjtl!gsfnjvn!ps!dpoejujpobi fyqgfdufe!tupdl!sfuvsot!jo!fydFtt!pglui Fisjtl.gsFFisbuf-!
boe!pddbtjpobmz!ftujnbujoh!qpsugpnjp!><fjhiut/

Cross-Section of Stock Returns

Bttfulsfuvso!gsfejdujpo'boelui Fljefoujgjdbujpo!pglgsFejdupst!pglsfuvsot!bsFlbnpohlui !
gvoebnfoubnlupgjdt!jo!bttfulgsjdjoh!sFtfbsdi/!Biui pvhilusbejujpobnlgbdupsinpefitOtvdibtiui !
DBQN!boe!jut!fyufotjpot-ljodivejohlui FluisFf.gbdups'boe!giwF.gbdups!GbhnbeGsFodi!npefitO
bsfixjefnz!vtfelup!Fygmbjo!ijtupsjdbnsfuvsot!pglejwFstjgjfe!gpsugpnpt-'gsbdujujpofstidpotjefs!

ui fn!fngjsjdbmz!jobefrvbuflup!gsfejdulsfuvsot!voefsiwbsjpvtinbslfulsthjnft/Tvctfrvfouz!
b!grfui psb!pglgbdupst!)ui FIPgbdups!i{ppp* 1bwFlcFFolgspgptfe!bt!dboejebufigsfejdupst!pg!
dsptt.tfdujpobnwbsjbujpot!jo!fyqfdufe!sfuvsot/

Bnpohlui flwbsjpvtihspvgt!pg'tvdilgbdupst!bsFlgjobodjbn-Inbdsp-lNjdsptusvduvst-lcfibwjpsbr-!
boe!bddpvoujohlgbdupst-lnboz!pg!xijdi!nbz!cFlwjfxfe!bt!cfipohjohlup!ui Flcspbefs!dbufhpsjft!
pg'dpnnpo!tpvsdft!pglsjtl!psljejptzodsbujd!d i bsbdufsjtujdtiuibulgfsubjolup!bo!joejwjevbilgjsn!
ps'gpsugpnjp!) I bswfz-IMjv-lboe! [ 1v!3127*/!10buvsbmz-lpofinbzibtl!xijdi!pofipgiui FtFigbdupst!
gspwjeft!fygfdujwfboe!joefgfoefouljogpsnbujpo!bepvului Fldsptt. tfdujpo!pg!sfuvsot/! I Fsf-lui f!
fnqibtjtljtigibdfe!po!fyjdbdz!boe!joefqfoefodfixjuijolui Fidpoufyu!pglui Fljobefrvbdz!pg!
tingrfhjofbsinpefit!jo!pvu.pg. tbnarflgsfejdujpot!jolui fligsFtFodf!pglnviujdpmjofbsjuz!boelopjtf/
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tipsu.ufsn!uphipoh.ufsn!sfbrj{fe!wpnbujijuz!btlusbejoh!tjhobrt-pvugfsgpsntiui FlPop!jogpsnb.
ujpop! Frvbn. xfjhiulgpsugpnjp-'btiNnfbhtvsfelczwbsjpvt!pvu.pg. tbngrflgfsgpsnbodfin fusjdt/!
Ui flbvuipst!bshvFluibuluijt'bqgspbdi!gspwjeftibo! fogFdujwF!xbz!upljogpsn!cpuilsjtl!bobnztjt!
boe!qgpsugprjp!Nnbobhfnfou/

Wprbujnjuz!Gpsfdbtujoh!boe!Pqujpo!Qsjdjoh

Rvboujubujwflgjobodf-!brtp!lopxo!bt!gjobodjbninbui Fnbujdt-Isfyfstluplui Flbewbodfe!nbui fnbujdbn!
npefitivtfelgpsiui figsjdjoh!pgle fsjwbujwrltFdvsjujFtiboe!gpsugprjp!sjtI'nbobhfnfou/!B!tvcdbuf.
hpsz!pg'rvboujubujwFlgiobodFljtigjobodjbn fohjoffsjoh-Ixijdi vt ftidpngvubujpobntjnvibujpot!gps!
gsjdjoh-lusbejoh-!i fehjoh-boe!pui fs!bdujwjujft/'Uijt!jt'blebub.joufotjwF!gspdfttijo!xijdi!nbdijof!
rfbsojoh!dbolcFisthejizivtfe/

Volatility Forecasting

Bo!bddvsbuf!nfbtvstnfoulpgwpnbujrjuz!jt!pglgbsbnpvouljngpsubodfljolgiobodijbnisjtl!
nbobhfnfou-bttfulgsjdjoh-lefsjwbujwf!gsjdjoh-Iboe!ftujnbujoh!fygfdufe!sfuvsot!pglqpsugprjpt/!
Usbejujpobmz-wpnbujrjuz!ftujnbujpo!npefit! ibwF!sfijfe!po!b! i boegvi! pg' tubujtujdbnjogfsfodfinfui.
petlboe!bhjnjufe!hspvq!pglgsfejdupst/Noljhiu!pglui flbwbjrbcjnjuz!pg!ijhi .gsFrvfodz!gsjdflebub-!
hspxjoh!tfut!pgdboejebufiwbsjbcrft-lboeltdbiberfldpngvujoh!gpxfs!nbdijofifbsojoh!nfuipet!
foberflsFtfbsdi fst!boe!gsbhdujujpofstiup!npwficfzpoe!tjohrf.uisfbefelgpsfdbtujoh!nfuipet!
uzqgjdbmz!epnjobufe!cz!b!tnbm!tfulpg!gbsujdvibs!gFbuvsFt!ps!bthpsjui Nt!boelup!efwfipq!tdbrberf!
tztufnt!pgwpnbujnjuz!gsfejdujpo/

TvdiltztuFnt!dbo!pggfsisFevdfe! ivnbo!joufswfoujpolevsjohlui Fitfifdujpo!pglgFbuvsftiboe!
npefit-'bddpnnpebujoh!bo!fygboefe!tfulpglgFbuvsTtiboe!dpouspmjoh!pwfsgjuujohluispvhi!
bvupnbufe!dbnjcsbujpo/!Opubciz-IMjiboe!Uboh!)3135* sFdFounz!gspgptfe!bo!bvupnbufelwpnbujnjuz!
gpsFdbtujoh!tztufn!gpsiui FIT " Q121 1vojwistFlui bulnfwfsbhftinpsFluibo!211!gFbuvsTtiboe!gjw!
NM!brhpsjui ntlup!gsfejdului FisFtqpotFlwbsjbenrf!pglui FisFonj{Felwbsjbod ) SW*-Ibo! Ftujnbups!pg!
ui Flrvbesbujdwbsjbujpo!pglui Finph!gsjdFlgspdFtt!pwfsib!hjwfo!gfsjpe-Ivtjoh!b!tfulpglgFbuvsTt!
uibuljodmvefinviujgrflsFon{FfelgFbuvsFticbtfe!po!SW.chtfe!npefit-ltvdi bt i fuFsphfofpvt!
bvupsfhsfttjwf!) I BS*-ItFnjwbsjbodf! 1 BS)T I BS*-Iboe!njyfelebubltbnarjoh!)NJEBT*/

Jo!gbsujdvnbs-Ibgufsifwbnvbujohlui Flpvu. pg. tbngrflgFsgpsnbodflpglgjwFinfFbsojoh!brhpsjui NtOMBTTP!
Irfbtulbctpivufitisjolbhflboe!tfifdujpo!pgfsbups*-!gsjodjgbndpngpofoulsfhsFttjpo!)QDS*-!
shoepn!gpsFtu!)SG*-Ihshejfoulcpptufe!sthsFttjpolusFFt)HCSU*-Iboeluxp. ijeefo.ibzFslofvsbnlofu.
Xps1)OO3*Cui flbvui pstibrtp!dpotusvdufe!b!tingrflbwfsbhflfotFncrflup!dpncjoflbminbdijof!
rFbsojoh!brhpsjui Nt/!'Ui FisFgpsufe! fotFncrflefjwFsFeltvgfsjps!igfsgpsnbodfibdspttiwbsjpvt!
gpsFdbtuli psj{pot<ui Flbvupnbufe!wprbujrjuz!gpsFdbtujoh!tztufn'bdut!ezobnjdbmz!boe!cfdpnft!
jodsFbtjohnziqpxfsgvipwEslujnf)Exhibit 7*/1Gpsifybnarf-IPjolufsnt!pgvupjuz'hbjot-lui FIfotFncrf!
npefilefjwst!55!Npsflcqt!qfsizfbsluplui FinfhodwbsjbodFljowFtups!sfibujwlup!vtjoh!PMT!gps!
uijthbshfltupdlvojwistfh!)Mj'boe!Uboh!3135-1qq/!93694*/

Option Pricing

Ui finpujwbujpolup!bggnz!nbdijofinfbsojoh!nfui petigps!gsjdjoh!pqujpot!boe!efsjwbujwft!jt!
esjwfolczlui Fldpnagvubujpobn ftujnbujpo!d i bmFohFt!boejnjubujpot!pg'dibttjdbngbsbn fusjd!
npefit/!ICzldpotjefsjoh!pqujpotibtigvodujpobrinbggjoht!cfuxffolui fidpousbdufelufsntijoqvut!
Yf/h/-lvoefsizjoh!bttfulboe!ujnflup!nbuvsjuz*boelui FlgsFnjvn!pvugvul)f/h/-IblgjyFelefwjbujpo!
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Fyijcjul8'Pwvu.pg. Tongmf!S2IStibujwflup!un ! 1 jtupsjdbn N fbo!
pg!STon{fe!WpnbujnjujFtigps!PMT.Cbtfe!Npefit

Out-of-Sample R? Relative to Long-Run Mean

Monthly Quarterly
1BS 1/69 1/7: 1/81 1/75
NJEBT 1/69 1/82 1/82 1/75
TIBS 1/69 1/81 1/81 1/75
PMT 1/72 1/84 1/83 1/74
MBTTP 1/72 1/84 1/84 1/76
QDS 1/71 1/82 1/83 1/78
SG 1/6: 1/82 1/84 177
HCSU 171 1/84 1/84 77
003 1/73 1/86 1/85 1/76
Fotfncernf 1/73 1/85 1/86 1/78

Tpvsdf;!Fydfsqutigspn!Ubcrft!B/4!boe!B/5!pg!Mjlboe!Uboh!)3135*- vt fe!xjuilgfsnjttjpo/

gspn!blubshfulgsjdf*-lebub.esjwfolboe!nbdijofirfbsojoh!nfui pet!dbo!cFibggnjfe!) I vudijotpo-Mp-!
boe!Qphhjp!2: : 5*/lolbltuvez!pg!Fvspgfbo!dbmpqujpot!xjuil  XFtulUfybtljoufsn fejbuf!) XU dsvef!
pingvuvsft!dpousbdut!bt!bolvoefsizjoh!bttfu!)wbCdv!3132*-Inbdijofirfbsojoh!brhpsjui Nt-gbsujdv.
tbsiz! FotFnerfinfuipet-ltvdi bt YHCpptulboe!MjhiuHCN-Itbshfiz!pvugfsgpsnfeldibttjd!nfuipet-!
tvdilbt!CibdleTdi prftlboe!DpsshepdTv-IXjui!cpuil!ijtupsjdbnboe!ljnaijfe!wpnbujruz!gbsbnfufst/

Bid-Ask Spread

Ui figpsfjho!fydibohT!)GY*InbsIfuljt!cpuilui fiibshftulboelui Finptuhjrvjelgjobodjbrtinbsifuljolui f!
xpsre/lolgbsujdvibs!cFdbvtfipglui FivofwFo!tgstbe!pghjrvjejuz!bdspttlejgfsfouldvssFodjFtiboelejg.
gFsfou'nbslfulujnftiboe!dpoejujpot-lgsFejdujohlui Finjlfiz!dptu!pglusbejohldvssFodjFtibtinfbtvsfe!
cz!cjebbtl!tgsfbet!jt!dsvdjbnlgpsigspgjubcrflusbejoh/!Btitvdi-lui FIGY!InbsIfuljt!blgFsujrflgibzhspvoe!
gps'ebub.esjwfolboe!NMINnfuipet!tffljohlup!jefoujgz!boe!cfofgjulgspn!nbslfulnjdsptusvduvsft/

Sftdfounz-Ljslcz!boe!Boestho!)3135*jefoujgjFelwbsjpvt!gsfejdupst!pg'ebjizicjebbtl!tgsfbet-!
jodivejohlufngpsbnlgfbuvsft-ltvdibtiui flebz!pglui FixFFlboelui flipvs!pglebz!boelui fjs!jouts.
bdujpot<wbsjpvtitgsfbet-ibht-lboe!npwjoh!bwfsbhft!boe!sbuflwpibujijuz-ldbquvsjoh!ui Fljoufsgibz!
cfuxffo!nbslfulwprbujrjuz!boe!cjebbtl!tgsfbet!boe!ui fitqjmpwts!pgwprbujrjuz!cfuxffo!sfibufe!
nbslfut/\Uifz!pctfswfeluibulgspn!bnpoh!tvgfswjtfe!nbdijofirfbsojoh!brhpsjui Nnt-Itvckfdulup!
b!npeftunfwhlpg! izgfsgbsbnfufsluvojoh-lui fishoepn!gpsFtulnpef ibelui fFicftulpvu.pg. tbnagnf!
qgfsgpsnbodf-Ixjui'bo!fdpopnjdbmz!nfbojohgvibejiuz!uplgpsFdbtului Flofyulebzit'tgsfbe!Xjui!b!
stibujwf!Fssps!pgnfttiuibo!31&!polbwfsbhf/
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Njtdfmbofpvt!Bgqgndbujpot

Jolbeejujpoluplui Flgstwjpvt! fybnarft-lpui Fslbggndbujpot!pglfotFncrfirfbsojoh!qvenjtifeljolui !
gjobodjbnlebub!tdjfodfhjufsbuvsFljodiveflui Flgpmpxjoh;

Efgbviulgsfejdujpo!pg'dpnnfsdjbnisfbn Ftubuflgspgfsujftiboe!jeFoujgjdbujpo!pgiui Fisbujp!pglui !
dbqjubnj{bujpo!sbufitgsfbe!lup!ui FlbwFsbhfldbqjubnj{bujpo!sbufitgsfbe!pggspqfsuziuzqfibt!blupg!
esjwFs!pglefgbviut!)Dpxefo-IGhcp{{j-lboe!Ob{fN|!312:*
Qsfejdubcjnjuz!pgitupdl!nbsifulcvcerftiboelibshflofbs.ufsnlesbxepxot!cbtfe!po!gbuufsot!
joltupdl!gsjdflcFibwjps)Tjnpojbo!3133*

Qsfejdujpo'boe!ftujnbujpo!pglul FinjIji ppe!pg'sFdFttjpo’jolb!hjwFo!npoui!vtjoh!ijtupsjdbn
nbdspfdpopnjdigbdupsiujnFitFsjft!)zb{eboj'3131*

Dpngbsjohlipoh!ti psu.ufsn!nfnpsz!boelhsbejfoulcpptujohlbrhpsjui nt!jolgsfejdujoh!ui !
sfuvsot!pg!T " Q!611!dpotujuvfout!vtjoh!ufdiojdbnjoejdbupst!boe!gsjodjgbndpngpofoulbobnztjt!
)Dwfulpwjd!3135*

Uijthjtu!lgspwjeft!ponz!bltbnagnrflpglui Figverjti fehjufsbuvsflipo!fotFncrfinpefijoh-lboe!nboz!
npsfinbz!cfljefoujgjfelboe!Fyqmpsfe/

Explainability of Ensemble Methods

Cspbenz!tgfbljoh-Ifyqgibjobcjjuz-lbitp! lopxo!btjoufsgsfubcinjuz-sfgfstiup!gspdfttftivtfelup!
voefstuboe!ipx!b!nbdijofinfbsojoh!npefnblftiefdjtjpotiboe!xibujutpvugqvuinfbot/!
Fyagrbjobcjrjuz!jtib!xbz!upljodsFbtfistjbcjnjuz!jolui FlgsFtFodf!pglvodfsubjouz!boelsFevdflui fisjtl!pg!
pwFsgjuujoh!boe!jssfirfwboulboe!vogbjsiefdjtjpo!nbljoh/!GpsibldpngsTi fotjwTtuvez!pg!Fyqibjobci.
juzinfuipet-1tFFINpnobs)312:*/\Ui Flgpmpxjoh!bsFitpnfldpnnpo!fygibjobcjijuziufdiojrvt;

PQbsujbnlefqfoefodz!gnput!ti px!ui finbshjobn fggFdu!pg'boljoqvulgFbuvsFipolui !
gsfejdufe!pvudpntp?

UTFITIBQ)T I bgrfz!BeejujwF!fyQibobujpot*lufdiojrvffoberft!ftujnbujpo'boe!wjtvbrj{bujpo!pg!
fhdiljoqvulgFbuvsfitidpousjcvujpoluplui Flpvugvul)cbtfe!po!PT ibgrfziwbnvFt\uibuMnfbtvsFlui !
bwfsbhf!nbshjobrldpousjcvujpo!pgiblgfbuvsFibdspttibm gpttjcrfldpncjobujpot!pglgfouvstt*f3
GfbuvsFljngpsubodfldbo!cfivtfelup!Ftujnbuflui Fljngpsubodfpg!blgFbuvsTigpsiui Finpef-!
cbtfelpo!nfbtvsjohlui figfsgpsnbodflefdsFbtfix i folsboepnnz!tivggjoh!ui FlgFouvsTiwbmF!
bdsptt!bm'tbngnft/

Ui FIMINF)npdbnijoufsgsfubenflinpefi.bhoptujd! fygrbobujpot*lufdi ojrvfidbolcfivtfelupnpdbmz!
bggspyjnbufib!npefilt!pvugvut!xjui ib!tjngrfs!joufsqsfubcrflinpefi/
Dpvoufsgbduvbnfygmbobujpotieftdsjcflui fltnbmftuldibohfluplui FlgFbuvsTiwbnvftlutbuldibohf!
ui Flgsfejdujpolup'b!gsfefgjofe!pvudpnt/
PuifsinfuipetOtvdi!btidpogpsnbilgsfejdujpo!joufswont!)Wpwl-'Hbnnfsnbo-boe!T i bgfs!
3133*Cuibulgspwjefistijberf! ftujnbuft-fwFoljo!ijhinzivogstejdubcrfnbslfut-lbsFldsvdjbnigps!
sjtllnbobhfnfoulboelefdjtjpo!nbljoh!voefsivodfsubjouz/

2liuugt;00Fo/xjljgfejb/psh0xjljddvsje>65686682/
sliuugt;00fo/xjljgfejb/psh0xjlj@dvsje>65686682/
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JoljoFIxjui!bqarjdbujpot!pgfotFncrfnpefitigpslgjobodjbnigpsFdbtujoh!boe!gsfejdujwf!npefijoh-!
fygbjobejjuz!jtivtfeljodsfbtjohmz!uplefnztujgz!ui fligsfejdujpolczitvd il npefit/\Gps fybngrf-!
MjifFulbn/) 3131 vt Fe!NMlup!gsTejdulpof. npoui!tgpulsfuvsot!pg!b!gpsugpnjp!pg! Nbkps!dvssFodjftiboe!
tvctfrvfounzlefwipgfe!lblgsbnxpsligpslefnztujgzjoh!NMIinpefilgsfejdujpot!domfelui FIiPnpefil
giohfsgsjouth'Uijtibggspbdi'esbxt!po!gbsujbniefgfoefodFlup!jefoujgz!gFbuvsFljoufsbdujpot!boe!
ftujnbuflui FlbwFsbhflinbshjobnFygFdu! < i FolgFbuvsTt! i bwFinpx!dpssfibujpot/

Jolgbsujdvibs-lui Finpefilgjohfsgsjoulefdpngptft!gsfejdujpot!joup!ui Fidpousjcvujpotigspniui Flgpn.
1pxjohlgpvs!tpvsdft;njofbs!FygFdu)M*gpstui FlujnFitfsjFtisfuvsot!pg!gpsugpnjptigpsnfelgspnijofbs!
gsfejdujpot!jo!jtprbujpo<!gbjsxjtFjoufsbdujpot!)Q*lgpsisFuvsot!pglgpsugpniptigpsnfelgspniui fldpn.
cjofehjofbs!boe!gbjsxjtfjoufsbdujpo!gsfejdujpot!njovtiui Fisfuvsotigspnjofbs!FygFduclopornjofbs!
TFggFdu!)O*lgps!sFuvsot!pglqpsugprnjptlgspnlui Fldpncjofeljofbs!loponjofbs!boelgbjsxjtfljoufsbdujpo!
gsfejdujpot!njovtiui fisfuvsotigspnijofbsiboe!gbjsxjtfifygFdutdboe!ijhi fs.psefs!FogFdut!) 1*/!
Nbuifrnbujdbmz-lgps!b!npefilgsfejdujpolgvodujpo!d =§)y,-...- y  *efqfoefou!po!n!jogvulwbsjbcrft-!
uijtlefdpnqptjujpo!dbo!cfixsjuufolbt

! ﬂ=2M)yj*+20)y1*+2kQ)yj-yk*+Zl)yj*/!
j=2 j=2 j# j=2

Bo!fybnarflpgltvdilefdpngptjujpolgpsiui Flhsbejfoulcpptujoh!npefigsfejdujpoljtitipxoljo!
Exhibit 8/'Ui finpeTfilgjohfsgsjou!nfuipe-!xifolbddpnqgbojfe!cz!pui fshpdbiboe!hnpcbnnpefn
joufsgsfubcjnjuzlupprtitvdi!btlgFbuvsFljngpsubodfboe! T 1 BQ!gpsdfignput!gps!buusjcvujpolbobnztjt-!
zjfiet!fygibobujpotigpsiui Finpefpvudpnf-Ixijdiljtivtfgvngpsidpngbsjohlboeljoufsgsfujoh!
wbsjpvt!jowFtunfou!tusbufhjft/

Bnpoh!pui fslopubcrflfybnagrft!pg! NMInpefilfyqrbjobcjnjuz!jtiui fligsbnfxpsllefwiipqgfe!cz!
Ebwjt-IMp-INjtisb-IOpvsjbo-ITjohi-1Xv-boe![ iboh!)3134*jo!x ijdilui flbvui pstivtfe!NMnpefit!

Fyijcju'9/IEfdpnqgptjujpo!pg'Hsbejfou!Cpptujoh!NpefinQsfejdujpot!
Vtjohlui fIGjohTsgsjou!Nfuipe

Gradient Boosting Machine
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Tpvsdf;!Njeenflgbofiljo!Fyijcjuld!pgiMjifulbn/!)3131*-IvtFe!xjui!qfsnjttjpo/
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uplgpstdbtuljoejwjevbnt]! i pnfIfrvjuzidstejulsjtlvtjoh!blsFon. xpsielebubtfu/!Ui flbvuipstiefnpo.
tusbuFe!lnfuipetiup!fygrbjolui FEFINMINpefitd!pvugvulboelup!nblflui fFn!npsfibddfttjcrflup!
foelvtfst/!Opubciz-lui Flbvui pstlefwhipgfelejggfsFoulnfoot!pgFygnbjobcjnjuz!up!bddpnnpebuf!
ejggfsfoulsFrvjstfnfout!pglui Fiwbsjpvtitub I Fiprefst-ljodivejoh! fyqrbobujpotigps!gsfejdujpot!
pg'dsFejuxpsuijofttigpsiipbo!dpngbojft!)tffliExhibit 9*-tusfFttiuftut!gps!sFhvibupst-'hvjejoh!
dpvoufsgbduvbrt!gpsipbo!bganjdbout-lboe!fygmbobupsz!sviftigps!ebub!tdjFoujtut/

Summary and Future Directions

Xjuilui Fishgjelefwipgnfou!pgbsujgidjbnjoufmjhfodF-I<ijdi!ibtifeluplui FifNngpxfsnfoulboe!
bvupnbujpo!pg'nbdijofirfbsojoh!gspdFttft-pofldbo! Fyqgfdulgvsui Fsthspxuilboe!bepqujpo!pg!
ebub.esjwFo!Nfuipet!jolgjobodjbnboe!jowfFtunfoulefdjtjpo.nbljoh!gspdfttft/o!gbsujdvibs!ui F!

Fyijcju!-/!T 1 BQ!GFbuvsFlinqgpsubodflgpsiui FIQspchbcjnjuz!pg Efgbviu
1jhi
NTjod FOFXMPDSFrryQbtuXFFl
GsbdSTwMPDMjnjuVtf
BwhBhfPgMPD
FyufsonSjtIFtujnbuf
QfsdfouMPDOTwTsEfir
OvnNMPDOpuEfir
NTjodFNSfdfouEfir
OvnMPDSTrMbtu7N
NbyEfirFwfs
QfsdfoulotuMPD
OvnSTwMPDXChibodf
OvnCholPsObuMpbot>X 1jhiVujn

Feature Value

NbyEfirMbtu23N

OvnMPD: 1QwvtEbztEfir
OvNMPDSfrvbtu7NFyQbtuXffl
OvnUpubiMPD
NTjodfOFxFtuMPD
OvnMPD71QmvtEbztEfir
GsbdlotuMPDVtf
QfsdfouMPDXChibodf

T T T T r T r Mpx
01/4 01/3 ©1/2 1/1 1/2 1/3 1/4
Mean prediction

Opuf;!U i Fibshfsiwbnvft!)jolsFe*lefdsFbtflui Flgspcbcjijuz!pglefgbviu-Ix< i jrflui FltnbmfswonvFt!)jolcnvF*jodsFot Flui Figspcbeinjuz!
py'efgbvu/

Tpvsdf;!GjhvsFl4)b*Ipg! Ebwjt!Fulbn/)3134*-Ivtfelxjui!gfsnjttjpo/
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Tfnfshfodflpghbshfiilbohvbhfinpefit)MMNt*boe!hfofsbujwf!BJ-dbgberflpgthfofsbujoh!blsfbtpo.
benflgjstu.gbtt!bobiztjt!pglgiobodjbniebub!boe!bddpngbozjohldpngvufsidpeft-ljtiboujdjgbufe!up!
gvsui FsljodsFbtflui Fibepqujpo!pg'ebub.esjwFolnfui pet/lolbeejujpo-IsFtfbsdi fstibsFljowFtujhbujoh!
Nnfuipetiup!dpncjof nviujgrFIMMNt)MMN!IFotFncrfttlup!fo i bod ! pwFsbm!gFsgpsnbod /! Eftqjuf!
bm!pglui FtFbuuFnqut!boelcfdbvtfipglui Flcibdl.cpy!qfsdfqujpo!bttpdjbufe!Xjui!nboz!NMboe!
BllInfuipet-Ifzldpotjefshujpot!sFnbjo!joltpnFfldsjujdbnbggndbujpot!pgitvdiinfui petCjo!gbsujd.
vibs!lui ptfljowpmwjoh!ijhi.sjtllefdjtjpot-lgbjsofFtt-boelushotgbsfodz/!GsbnFxpsltiuibuldbsfgvmz!
crfoelcpuilusbejujpobnboe!npefsolgshnfxpsltOjodnvejoh! fygibobupsz-Fygibjobcjnjuz-'boe!qgst.
ejduwFOx ijrflesbxjoh!polui Flepnbjo!lopxrfehf-Inbz!ibwfb!hsfbufs!d ibodf!pgltvddftt!boe!
tvswjwbnljo!bo!fowjsponfouluzgjdbmz!d i bsbdufsj{fe!cz!ui Fifyjtufodfpgldpngfujoh!bhfout-'ijhi!
opjtf.up.tjhobrlsbujpt-tboe!sbsFbscjusbhflpgqpsuvojujft/
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Disclaimer

Ui flwjFxt!fyqgsfttfelbsflui ptfipglui flbvuipsiboe!eplopulsFygrfdului FlwjFxt!pg!Djujipsiboz!pgljut!
bggjnjbuft/!Boz!tubufnfout'nbef!ibwflopulcffolwfsjgjfe!cz!Djujlgps!bddvsbdz!boeldpnagrfufoftt/

References

Cbhobsb-!Nbuufp/!3135/!/BttfulQsjdjoh!boe!Nbd ijof!MFbsojoh;!B!Dsjujdbn SfwjFxhKpvsobnlpg!
Fdpopnjd!Tvswfzt!49!)2*,1380667/lepj;21/22220kpTt/23643/

Cbuft-lKpio!N/-boe!DnwF!IX/K/'Hsboh¥¢/!2: 7 -/'PUT FIDpNcjobujpo!pg!GpsTdbtuthKpvsobnpglui !
PqgfsbujpobnSTtfosdi ! Tpdjfuz!31!)5%;!562679/1epj;21/21680kpst/2:7 z/214/

Csfjnbo-IMfp/13112/'PSboepn!GpsTtuth!NbdijofIMFbsojoh!56!)2*;16043/lepj;21/21340B;!
2121:44515435/

Difo-!Ujborj-lboe!Dbsipt!HvTtusjo/!3127/'PYHCpptuy;!B!Tdbrberf!UsFFICpptujoh! TztufnplJo! LEE!27;!
Qspdffejoht!pglui f1330e! TIHLEE!Dpogfsfodf!po!LopxrfehfEjtdpwfsz!boe!Ebub!Njojoh-18966: 5/!
OTx!Zpsl;!Bttpdjbujpolgps'Dpnqvujoh!Nbdijofsz/lepj;21/225603:4:783/3:4:896/

Dpoops!Hsfhpsz/'12: - 6/!/PUT FIU isFFIUzgFt!pg!Ghdups!Npefrt;!B!Dpnqgbsjtpo!pg!U i fjs!Fygibobupsz!
Qpxfsh!GjobodjbrnBobrztut!Kpvsobil62!)4*;!53057/lepj;21/357 : 0gbk62/04/2 - 15/

Dpxefo-IDibe-IGsbolK/!Gbcp{{j-'boe!BcepisF{b!Ob{fnj/!312:/'PEfgbvmu!QsFejdujpo!py'Dpn nfsdjbn!
StbnFtubuf!Qspgfsujft!Vtjoh!NbdijofIMfbsojoh!Ufdi ojrvFth!Kpvsobnpg!Qpsugpnp!Nbobhfnfou!
561)8*;166678/!epj;21/4: 160kqn/312:/2/215/

Dwfulpwjd-!Njikbob/!3135/'PMTUN!wFstvt!HsbejfoulCpptujohlgps!BttfulQsjdjoh;!B!Dbtf Tuvez!pglui f!
T"Q!611hKpvsobnpg!GjobodjbrEbub! Tdjfodf!7!)5%;!5:682/'epj;21/4 - 160kget/3135/2/27 =/

Ebwjt-ISboebm-BoesFx!X/IMp-ITveibotiv!Njtisbh-'Bsbti!Opvsjbo-INbojti!Tjohi-!Ojdi prbt!Xv-!
boe!Svjyvo![ iboh/!3134/!PFyqgrbjobcrf!Nbd i jofIMFbsojoh!Npefit!pg!Dpotvnfs!Dsfeju!Sjtlp!
Kpvsobn!pg!GjobodjbnEbub!TdjfodF!6!)5%;!-64 :/lepj;21/4 - 160kget/3134/2/252/

DGBYotujuvuf!SFtfbsdi!Gpvoebujpo! ¢ 69


https://doi.org/10.1111/joes.12532
https://doi.org/10.1057/jors.1969.103
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1145/2939672.2939785
https://doi.org/10.2469/faj.v51.n3.1904
http://dx.doi.org/10.3905/jpm.2019.1.104
https://doi.org/10.3905/jfds.2024.1.169
https://doi.org/10.3905/jfds.2023.1.141

Blljo!Bttfu!Nbobhfnfou;Upprt-!Bggnjdbujpot-boe!Gspoujfst

Grbdi-1Qfufy!3123/INbdijofMfbsojoh;!Ui fIBsulboe!Tdjfodf!pg!Bihpsjui nt!Uibu!Nb I Tfotf!
pg'Ebub/!Dbncsjehf-IVL;!IDbncsjehf!VojwEstjuz!Qsftt/lepj;21/21280DCP :891622:84111/

Gsfvoe-'Zpbw!boe!SpcTsulF/'Tdibqjsf/12: - 7/'PFyqfsjn fout!xjui b!Ofx!Cpptujoh!Bihpsjui np!
JolQspdffejoht!pglui FlU ijsuffouiNoufsobujpobnDpogfsfodf!po!NbdijofiMfbsojoh!)JDNM: 7*-!
259667/'Tho!Gsbodjtdp;!Npshbo!Lbvggnbo!Qverjtifst/!iuugt;00dtF<fc/vdte/fev0 zgsFvoel
gbgfstocpptujohfyqgfsjinfout/gey

Gsjfenbo-KFspnT!1/!3112/'PHsFfez!Gvodujpo!Bqqgspyjnbujpo;!B!HsbejfoulCpptujoh!Nbdijofp!
Boobnt!pg! Tubujtujdt!3:!1)6%;1229 :62343/!xxx/ktupypsh0tubcrf037: - 297/

Héspo-!Bvsénjfo/!312:/! 1 boet.Po!Nbdijof!Mfbsojoh!xjui!Tdjlju.MFbso-!Lfsbt-lboe!Ufotpsgipx-!
3oelfe/! Tfchtupqpr-IDB;!PISTjmz!Nfejb/

Hv-ITijibp-ICszbo!Lfmz-'boe!Ebdifoh!Yjv/!3131/'PFNgjsjdbnBttfu!Qsjdjoh!wjb!Nbd i jofMFbsojohp!
Sfwjfx!py!GjobodjbnTuvejft!44!)6%;13334684/epj;21/21 - 40sgtOi ibb11:/

1 bswfz-'Dbnqctm!S/-1Zbo!Mjv-lboe! I Frjoh![1v/!3127/'P] !boe!ui FIDsptt.TFdujpo!pg!Fyqfdufe!
Stuvsoth!StwjFx!pg!Gjobodjbn Tuvejft!3:1)2*;16679/'epj;21/21 - 40sgt01 iwl6:/

1 btujF-!UsFwps!SpcfsulUjctijsboj-lboekFspnFlGsjfenbo/!3128/!U i FIFrfnfout!pg! Tubujtujdbn!
Mfbsojoh-!13oe!fe/lOfx!Zpsl;!Tgsjohfy

1vudijotpo-lKbnft!N/-'Boestx!X/IMp-lboe!Upnbtp!Qphhjp/12: : 5/!/MB!Opogbsbn fusjd!Bqgspbdi!
up!Qsjdjoh!boe! I fehjoh!EfsjwbujwF!I TFdvsjujftiwjbIMFbsojoh!Ofuxpslth!Kpvsobnpg!Gjobodf!
5:14%,196269:/lepj;21/22220k/2651.7372/2 - - 5/uc11192/y/

wbCdv-!Dpesvb.Gipsjo/!3132/'PPqujpo!Qsjdjoh!Vtjoh!Nbdi jofiMFbsojohp!FyqgfsulTztufnt!
Xjui!Baagnjdbujpot!274l)Kbovbsz*/lepj;21/21270k/Ttxb/3131/2248: -/

LT-'Hvpnjo-'RjINfoh-!IUi pnbt!Gjofiz-IUbjgFoh!Xboh-IXXfj!D i fo-1 Xfjepoh!Nb-IRjxfj!Zf-!
boe!Ujb.zbo!Mjv/!3128/'PMjh iuHCN;!B! I jhinz!FggjdjFou!Hsbejfou! Cpptujoh!Efdjtjpo!UsFFh!
10!0JQT(28;!QspdFFejoht!pglui Fl42tulloufsobujpobrnDpogfsfodflpo!Ofvshillogpsnbujpo!Qspdfttjoh!
TztufNt-1425:668/

Ljslcz-ikvtujo!M/-Iboe!Wjdups!Boesfbo/!3135/1PGpsFdbtujoh!CjedBtl!Tgsfbet!jo!Gpsfjho!Fydiboh¥;!
Bobnztjt!boe!NbdijofMfbsojoh!QsfejdujpohKpvsobnpg!Gjobodjbn Ebub! Tdjfodf!7!)5*;!72686/!
epj;21/324:0ttso/5812588/

Mj-'Tpqijb![ i foh{j-boe!Zvtibo!Uboh/!3135/!PBvup nbufe!Wpnbujijuz!Gpsfdbtujohh!Xpsljohlgbqgfs!
)YABgsji*/lepj;21/324: 0t tso/4887 = 26/

Mj-'Zjnpv-'Ebwje!Uvsljohupo-!boe!Bnjsf{b!Zb{eboj/'3131/!/PCFzpoe!lui F!Cibd l'Cpy;!BollouvjujwF!
BqggspbdiluplowFtunfou!Qsfejdujpo!xjui!NbdijofIMFbsojohhKpvsobnpg!Gjobodjbn Ebub! Tdjfodf!
31)2*;172686/'epj;21/4 - 160kget/312:/2/134/

Moqf{!ef!Qsbep-Nbsdpt/!312://PCFzpoe!Fdpopnfusjdt;!B!Spbenbqg!Upxbset!Gjobodjbn!Nbdijof!
MFbsojohh! Xpsljoh!gbqgfs!))2: I TFqufncfst/lepj;21/324 - 0ttso/4476393/

Nprobs!Disjtupqi/!312:/loufsgsfubcifNbdijofMfbsojoh;!B!Hvjeflgps!Nbljoh!Cibd I!'Cpy!Npefit!
Fygnbjoberf/tiuuqt;00disjtupq i n/hjuiive/jpojoufsgsfubcrf.ni.cppl/

70! o DGBlotujuvuf!SFtfbsdi!Gpvoebujpo


https://doi.org/10.1017/CBO9780511973000
https://cseweb.ucsd.edu/~yfreund/papers/boostingexperiments.pdf
https://cseweb.ucsd.edu/~yfreund/papers/boostingexperiments.pdf
https://www.jstor.org/stable/2699986
https://doi.org/10.1093/rfs/hhaa009
https://doi.org/10.1093/rfs/hhv059
https://doi.org/10.1111/j.1540-6261.1994.tb00081.x
https://doi.org/10.1016/j.eswa.2020.113799
https://doi.org/10.2139/ssrn.4701477
http://dx.doi.org/10.2139/ssrn.3776915
https://doi.org/10.3905/jfds.2019.1.023
https://doi.org/10.2139/ssrn.3365282
https://christophm.github.io/interpretable-ml-book

FotfncrfiMfbsojoh!jolowftuntou;!Bo!Pwfswjfx

Sbtflitdibgf-ILfzxbo!Disjtupqi-boe!SpctsulD/Kpoft/!312://PNbdijofMFbsojohlgps! Tupdl!
Tfrfdujpoh!GjobodjbrBobnztut!Kpvsobi!86!)4*;181699/!epj;21/2191011262:9Y/312:/26: 7789/

Tibgrfz-Mipze!T/!12 - 64/'PBWbnv Flgps!o.Qfstpo!Hbnftplo!Dpousjcvujpotiuplui FIU I Fpsz!pg'Hb N Ft-!
Wpnvnflj-Ifejufelcz! 1/1X/ILviolboe!B/!X/!Uvd 1 F51418628/!Qsjod Fupo-!OK;!Qsjod fupo! VVojwFstjuz!
Qsftt/lepj;21/26260:892511992:81.129/

Tinpojbo-Kptfqi/!3133/!PGpsFtutigps!GbnbhKpvsobnpg!Gjobodjbn Ebub! Tdjfodf!5!)2*;1256668/!
epj;21/4:160ket/3132/2/197/

Tinpojbo-KKptfqgi-boe!Gsbol K/!Gbecp{{j/!312:/!/PUsjvnqi!pglui FIFNgjsjdjtut;!Ui FICjsui!pg!Gjobodjbn!
Ebub!Tdjfodfh!Kpvsobnpg!GjobodjbnEbub! Tdjfodf12!)2*;121624/'\epj;21/4 - 160kget/312:/2/121/

Tinpojbo-KKptfqgi-Difoxfj Xv-IEbojfiiubop-boe!WztibbnObsbzbobn/!1312:/!MB!Nbdijof!
Mfbsojoh!Bggspbdilup!Sjtl!Gbdupst;!B!DbtF!Tuvez!Vtjoh!ui FIGbnbeGsFod 16Dbs i bsu!Npefip!
Kpvsobr!pg!GjobodjbnEbub! Tdjfodfi2!)2*;143655/!epj;21/4 - 160kje t/312:/2/143/

Wpwl-Wibe njs!Brfyboefs'Hbnnfsnbo-boe!Hrfoo! T ibgfy!3133/!Brhpsjui njdMFbsojoh!
jolb!Sboepn!Xpsne-13oe!fe/Mpoepo;! TgsjohTy!ep);21/21180:89.4.142.1775: .9/

Xboh-!Yjbprijbo-!Spclk/!' 1 zoenbo-!Gfoh!Mj-lboe!zbogfj!Lboh/!3134/'PGpsfdbtu!Dpncjobujpot;!
Bo!Pwfs!61.zZfbs!SfwjfxplloufsobujpobrKpvsobnpg!Gpsfdbtujoh!4 - 1)5*;12629658/!epj;21/21270!
KjkgpsFdbtu/3133/22/116/

Xpngfsu-'Ebwje! 1/12: - 3/'PTubd Ife!HFofsbij{bujpop!OfvsbnOfuxpsIt!6!)3*;!135266 :/lepj;21/21270
T19:4.7191)16*91134.2/

XpngFsu-'Ebwje! 1/12: - 7/'PUi FIMbd 1!pg!B!Qsjpsj!Ejtujodujpot!cfuxffoMFbsojoh!Brhpsjui nth!
OfvshnDpnavubujpo!9!)8*,124526 : 1/lepj;21/227300Fdp/2 - = 7/9/8/2452/

Xpngfsu-'Ebwje! 1/13113/'PU i FITvgfswjtFelMFfbsojoh!Op.GsFF.Mvod iUl FpsFnthlo!Tpgu!Dpngvujoh!
boelloevtusz-Ifejufelcz!Sbklvnbs!Spz-INbsjp!L+qqfo-Tfgqp!Pwbtlb-!Ub IftijGvsvibtij-!
boe!Gsbol! I pggnboo/Mpoepo;!Tasjohfylepj;21/21180:89.2.5582.1234. - "4/

Zb{eboj-Bnjsf{b/'3131/'PNbdijofMFfbsojoh!Qsfejdujpo!pg!SFdfttjpot;!Bolincbibodfe!Dibttjgjdbujpo!
Baqgspbdi piKpvsobnpg!Gjobodjbn Ebub!Tdjfodf!3!)5*;132043/!lepj;21/4 - 160kget/3131/2/151/

DGBlotujuvuf!ISFtfbsdi!Gpvoebujpo! » 71


https://doi.org/10.1080/0015198X.2019.1596678
https://doi.org/10.1515/9781400881970-018
https://doi.org/10.3905/jfds.2021.1.086
https://doi.org/10.3905/jfds.2019.1.010
https://doi.org/10.3905/jfds.2019.1.032
https://doi.org/10.1007/978-3-031-06649-8
https://doi.org/10.1016/j.ijforecast.2022.11.005
https://doi.org/10.1016/j.ijforecast.2022.11.005
https://doi.org/10.1016/S0893-6080(05)80023-1
https://doi.org/10.1016/S0893-6080(05)80023-1
https://doi.org/10.1162/neco.1996.8.7.1341
https://doi.org/10.1007/978-1-4471-0123-9_3
https://doi.org/10.3905/jfds.2020.1.040

DEEP LEARNING

Qbwn!Cjnplpo-'1QIE
DFP-IUibrftjbot!Mue/
Wjtjujoh!QspgfttpslingfsjbnDpmfhfiMpoepo

Kptfgi!Tjnpojbo-IQIE
Tfojps!Bygjnjbuf!SFtfbsdi fs!'DGBlotujuvuf

Introduction

Effqlirfbsojoh!sfyfstiup!bluzgf!pg!nbdijofirfbsojoh!brhpsjui nluibulvtFtinvujgrfilbzfstiup!
gsphsfttjwfnz!Fyusbdu! i jh i Fs.rfwfilgFbuvsTtigspnljogvulebub/!Gpsifybnagnf-ljo!jnbhflgspdFtt.
joh-hpxfshbzfstinbzljefoujgz! Fehft-Ix<ijflijhi Fshbzfstinbz!jefoujgz!npsfitpqijtujdbufe!
dpodfqut-'tvdi!btlejhjut-fuufst-Ipslgbd Ft/!U i Flgjstu!nbkps!cvtjoftt!bqgndbujpo!pgle FFq!ifbsojoh!
Xbtlup!difdl!gspdfttjohljolui fifbsiz!3111t/!UiFinpefsoleffqlfbsojoh!sfwpnvujpolcvjret!po!
dpoofdujpojtnCbolbgqgspbdi!joldphojujwf!tdjfodfluibultFFltlup! Fygrbjo!nfoubnqi fopnfob!
vtjoh!bsujgjdjbrtofvsbnlofuxpslt/!Dpoofdujpojtn!upp ljut!sjitFlgspnlui Fixxpsl!pg! XbssFo!NdDvmpdi-!
Xbufs!Qjuut-'Epobne!Prejoh! I fcc-boe!LbsiMbt infz/!Npefsolofvsbiofuxpsltidbo!cfluipvhiulpg!
bt!hfofsbnj{bujpot!pglui FIPgFsdFquspop!jouspevdfe!cz!Gsbol!Sptfocnbuuljo!2: 68/ oluijt!dibgufs!
XFiIfyqgrpstlui Fligpvoebujpot!pgleffginfbsojoh!boeljut!bqgrdbujpot!uplgjobodfboe!jowftujoh/

Background: Deciphering the Human Brain

Ofvspo!bsdijufduvst-ljolwbsjpvtiefhsFft-lgpsntiui flcbtjt!pgleFfghfbsojoh!bnhpsjui nt/!

Ui flefubjrfe!tuvez!pglofvspotidpnnfodfe!jolui fifbsiz!2: 11t-Ixifolbobupnjtut!cfhbo!vtjoh!
Njdsptdpgftiboelofx!tubjojoh!nfuipetiup!tuveziui finjdsptdpgjd!gbsut!pglui flcsbjo/lulxbt!
bspvoeluijtiujnfluibulofvspbobupnjtut!Thoujbhp!Sbndo!z!Dbkbitboe!Dbnjmp!Hprhjlejtdpwfsfe!
Puibulofswldfimt)ofvspot*bsFlui flcvjiejoh!cipd I t!pglui ficsbjolboe!tipxjohlui fsFlbsfinboz!
ejggfsfouluzgfth!pglofvspotkpoft!2: z =%/

Ofvsptdjfodfigsphsfttfe!tjhojgjdbounz!uispvhilejtdpwfsjFtibcpvu!i px!lofvspot!joufsbdu/!
STtfbsdi fst!fwFouvbmz!jefoujgjfelui Fltzobqgtfibtiui Figpjou!pgldpoofdujpo!x i fsFlofFswldfmt!
dpnnvojdbuf-Infbejohlup!Nnbkpsljotjhiut/joup!ui Fixpsljoht!pglui fidFousbnlofswpvt!tztufn/!
Mbufs!xpslisfwFbnfeluibulofvspotlusbotnijultjhobrtluispvhi!cpui!fifdusjdbnjngvitFt!boe!
difnjdbngspdfttft/!Uiflvoefstuboejoh!pg!i px!ofvsbnbdujwjuz!tusfohui fot!dpoofdujpot!
cfuxffo!dfmt!jouspevdfelui Fldpodfqu!pgufoltvnnbsj{fe!bt!PofvspotiuibulgjsFluphfuifs!
cfdpnfinpsfltuspohmzhjolfeplgpsnjohlui Ficbtjtigps!bttpdjbujwf!ps! I Fccjbolnfbsojoh-!

x i FsFlsFgfbufe!bdujwbujpo!tusfohui fot!dpoofdujpot!cfuxFfolofvspot!jowpmwFe!jolui f!
tbnfigspdftt/

Bspvoelui fitbnflgfsjpe-'Brbo!Uvsjohlefwipgfelui fljefb!pg'b!nfdibojdbiinpefilpg'dpngvubujpo-!

opx!lopxo!btiui flUvsjoh!nbdijof/! 1 jt!xpsl!gspwjefe!b!nbuifnbujdbngsbnfxpsligpslefgjojoh!
X ibuljulnfbot!gps!blubt!psigvodujpo!up!cFldpnqvubujpobmz!tpmbenf/IUi jtirfeluplui Fligsjodjgrf!

72! o 213136!DGBYotujuvuf!STtFbsdi!Gpvoebujpo/!Bmisjhiut!sFtFswie/



Effg!Mfbsojoh

uibulboz!gspdfttidpotjefsfe!fygFdujwfizidpngvubenfldbo!cflisFgsFtfoufe!cz!b!Uvsjoh!nbdijof-!
gpsnjoh!bldpsofstupof!pg'npefsoldpngvufsitdjfodf/io!2 - 54-INdDvmpdi'boe!Qjuut!qverjtife!
PB!MphjdbriDbrdvivt!pglui Fllefbtin nbofoulup! Ofswpvt!Bdujwjuzp!x ijdileftdsjcFe!b!nbui frbujdbn
npefipgui flofswpvtitztuFn!bt!blofuxpsl!pgtingrfnphjdon firf nfout-!lopxo!bt!bsujgjdjbn!
ofvspot-Ipshibufsibt!NdDvmpd i 6Qjuut!ofvspot/!Ui FtFlofvspotiub Ifjoqvut-'dbndvibufib!xFjhiufe!
tvn-boelgspevdfbo!pvugvultjhobnicbtfe!po!bluisFtiprelgvodujpo/

J0!2:68-Gsbo 1!Sptfocrbuulbului FIDpsofm!BfspobvujdbriMbepsbupsz!tjnwvibufe!b!tjngrflbsujgjdjbn!
ofvspo!dbmfe!b!gfsdfquspo!po!bolJICNI815/IMbufs!i Flpcubjofelgvoejohlgspnlui Fllogpsnbujpo!
TztuFNt!Csbodi!pglui FIVojuFe!Tubuft!Pggjd Fipg!Obwbnl SFtfbsdiboelui FISpnT!Bjs'Efwfipgnfoul
Dfoufslup!cvijielbldvtupn.nbefldpngvufsiui FINbsINQFsdFguspo/lulxbtigjstulgvendiziefnpo.
tusbufe!po!34ikvofi2: 71/\Ui Finbdijof!xbt!gbsulpg!b!gsfwjpvtiz!tFdsfulgpvs.zFbs!OQID!
)VT!Obujpobin!Q i puphshq i jdlJoufsgsfubujpo!DFoufs*igspkFduluibulsbolgspn!2: 74luispvhi12: 77-1xjui!
ui Flhpbn!pgle fwfpgjoh!ui FINbsIjoup!bvtFgvnluppnlgps!q i pup.joufsqsfufst/Voeffe-lui FINbsl !
Xbt!blghjsiziqpxFsgviigbuufso!rfbsojoh!boe!sfdphojujpolefwjdFlgps!jutiujnfiboe!xbt!berflup!stijbenz!
rfbsolupldibttjgz!wjtvbngbuufsot!joup'hspvgt!polui flcbtjt!pg!dfsubjolhfpnfusjd!tjnjibsjujft'boe!
ejygfsfodft-'vupj{joh!gspgfsujftitvdi'bt!gptjujpo!jolui Fisfujobnlgjfie!pgiwjFx-ThFpnfusjdigpsn-!
pddvssfodflgsFrvfodz!boe!tj{f/

Qfsdfquspot!boelgffelgpsxbselofvshrlofuxpsIt)GGOOt* gFfe!jogpsnbujpolgspn!ui Flgspoulup!

ui Flcbd ") sFtgfdujwinz-ljoqvulboe!pvugvu*/!B!dpn npo!dibsbdufsjtujd!pg!GGOOt!jtluibuljolui FN-!
uxp'bekbdfounbzFst!bsFIPgvmz!dpoofdufep!xijdinTbotiuibufwFszlofvspolgspn!pofhbzTs!jt!
dpoofdufelup!fwfsz!ofvspolgspn!bopui Fshibzfy!GGOOt!bsFluzgjdbmz!usbjofeluispvhilcbdlgspgb.
hbujpo-!hjwjohlui flofuxpsl!gbjsfelebubtfut!pg'PxibulhpFt!jop!boe!Px i bulxFfIxboulup!ibwF!dpnjoh!
pvuplUijtljtidbmFeltvgfswjtfenfbsojoh-lbt!pggptfeluplvotvgfswjtfefbsojoh-Ixifsfixflponz!
hjwTljuljogvulboenfului Flofuxpsligimjolui flebo I t/IU i Fifsspsicfjoh!cbdlgspgbhbufe!jtipgufo!tpn !
whbsjbujpo!pglui FlejggfsFodflcfuxFfolui fljoqvulboelui fipvugvu)tvdi!btinfho!trvbsfe!fssps!
psINTF*pslkvtului FijofbslejggfsFodf/!HjwFoluibului Flofuxpsl!ibt!'fopvhi!ijeefolofvspot-ljuldbo!
ui Fpsfujdbmz!bnxbzt!inpefilui fisfibujpotijqlcfuxFfolui fljoqvulboe!pvuqvu/!Qsbdujdbmz-lu i fjs!
vtfljtibhpulnpsfijnjufe-lcvului fz!bsFligpgvibsizidpncjofelxjuilpui Fslofuxpsltiuplgpsn!lofx!
ofuxpslt/olExhibit 1-IxFfltipx!b!qfsdfquspo-lboe!jo!Exhibit 2-1xF!tipx!bo!GGCO/M)Opufluibu!
bm!fyijcjutljoluijt!dibqufsixFsFldsFoufe!cz!ui Flbvuipst*/

Fyusfnfirfbsojohinbdijoft!)FMNt*!) 1 vboh!3126*bsf!tjnjibslup!GGOOt!cvul i bwflsboepn!
dpoofdujpot/Ui fz!ibwFlinboz!tjnjbsjujftiuphjrvjeltubufinbdijoft'boe!fdi p!tubuflofuxpslt!
cvulbsFlofjui FslsFdvssfoulops!tgjljoh!boeleplopulvtfichdIgspgbhbujpo/lotufbe!pgicbdlgspgb.
hbujpo-IFMNt!tubsu!xjui!shoepn!xfjhiut!boe!usbjolui FixFjhiut!jo!b!tjohnfltufq!bddpsejohluplui !
rFbtu. trvbsftigjulnpxFtulFssps!bdsptt!bmigvodujpot*/\UijtisFtvut!jo!b!dpotjefsberzrfFttifyqgsfFttjwf!
ofuxpsl!cvulpofluibuljt'brtp!tjhojgjdbounz!gbtufsluibo!cbd I gspgbhbujpo/

Effqg!sftjevbrlofuxpsIt)ESOt*) I f-![ iboh-!Sfo-lboe!Tvo!3127*bsFlwfsz!eFfq!GCOOt!xjui!
beejujpobridpoofdujpot!gbttjohljoqvulgspn!pofibzfsiup!poflpsinpsfigvsui Fshbzfst/
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Fyijcjul2/!Qfsdfquspo!Bsdijufduvst
Sfhn. Xpsie!Fybnarf;!Dsfeju!Bggspwbrn

Jogvut;Nodpnf-IDsfejul TdpsT-IEfcu-'Fngrpznfou
Pwvuqvu;!Bggspwf!ps!Efoz!Mpbo

Gfbuvsfi2

Nfejvn
Gfbuvsf!3 @ Jngpsubodf
Mpx< Decision NbIftEfdjtjpo Final
Jngpsubodf Maker Decision

Gfbuvst!4 Nfejvn

Ingpsubodf

Gfbuvsf!s
2/Istdfjwitinvijgrfljoqvut

3/ Xfjhiut!fbdi!jogvulcz!jngpsubodf
4/'Dpncjoft!bmxfjhiufeljoqvut
5/INbIftlgjobnzft0op!efdjtjpo

Fyijcju!3/\GFfe!Gpsxbse!OfvsonOfuxpsl!Bsdijufduvst

Gjobodjbn'Fybnarf;!Dsfeju!Sjtl!Bttfttnfou
Joqvu;JodpnT-IDsfeju! TdpsT-IEfcu — Sjtl!Qbuufsot— Efgbviu!Qspcbciijuz

ljeefo ljeefo
Mbzfs!2 Mbzfs!3
Jogwvu ) —
Mbzfs
Pwvugwvu

MbzFs

() ()
Qspdfttft . Dpncjoft . Efdjeft /.

() —> —>

@ @ =)

‘ /—;
Gjobn

~@ o
Efdjtjpo

Shx!Ebub
—— ————
Gjoet Cvjiet
Qbuufsot Gfbuvsft

Jogpsnbujpolgipxtigpsxbseluispvhilibzfst;
logqvut Tingrflgbuufsot¥4¥! Dpnarfy!gFbuvsFt— Gjobilbotxfs
MjIflcvjiejohlvoefstuboejoh!tufglcz!tufqg

JogpsnNbujpo!Gipx— >
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Opx-nfulvtljngrfnfoulb!gfsdfquspo!jo!Qzui po/Hpjohluispvhilui fltufgt!inbovbmz!XjmhjwFlvt!b!
hppeljefblbcpvuli px!ofvshnlofuxpsltitpmwFigsperfnt/!Gjstu-IxFlhfofsbufltpnflebub;

YIS\
gpsly2!jol\1/-I12/7;
gpsly3ljoNN1/-12/;
Y/IbqgFoe!)\ly2!-ly3im
zI>\

gpslyljo!Y;
zllbgqfoel)ly\1"boely\2"*

uljt'npsfldpowfojfoulup!>xpsl!xjui!OvnQz!bssbzt!uibo!obujwf!Qzui pohjtut-tp!>xFldpowfsu!
bddpsejohiz;

Y!>log/lbssbz!)!Y*1z!>loqg/!bssbz!)!z*

Xfjojujon{Flui FixFjhiutlboelcjbtiup)gtfvep*shoepn!wbivft!'tbngrfelgspnlui fltuboebse!lopsnbn!
ejtusjcvujpo;

xfjhiut'>log/'sbhoepn!/lopsnbn)!tj{f!>)3!-12**Icjbt!>log/!'shoepn!/!lopsnbi!)*
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Ui flgvodujpo!Pgstejdup!xjmigsFejdulzhjwFo!Ybt!xfmbt!gjyFe!xFjhiut!boelcjbt;

efglgsfejdu) Y-Ixfjhiut-Icjbt*;

Iz gsfe!>\"

I gpslyljo!Y;

I 1 yisly/sFtibgf).2-12*

L1 wisIxfjhiut/UlAly!, Icjbt

I I z gsfe/bggfoe)1/jglw!=I1/1Ft F12/

I sfuvsolog/bsshbz)z™gsfe*

Ui fligvodujpolgiulvgebuftiui Fixfjhiut!boelcjbtivtjoh!hsbejfoulefFtdFoulxjuilyitFuluplui f!
rFbsojoh”sbuf;

efglgju)Y-1z-IxxFjhiut-Icjbt-InfFbsojoh~sbuf>/12-1Fqpd i t>2%;
I gpsljljolsbohf)fqpdi t*;

I 1 gpsly-lubshfuljo!{jq)Y-Iz*;

I 1L yisly/sftibqgf).2-12*

L wisIxfjhiutU!Aly!, Icjbt

L1z gsFel>11/jgw!=11/M e F12/

111 jglubshful">1z"gsfe;

1111 cjbt!.>nfFbsojohsbuf!+!)z"gsfe!.lubshfu*
LT xfjhiut!.>hfbsojoh " shufl+!)z" gsfel. lubshfu*!+ly

I sfuvso!xfjhiut-Icjbt
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Effg!Mfbsojoh

Ui fifgpdilgbsbnfufsisfgsftfoutiui flovncTs!ipgdpnarfufldzdift!) fgpdi t*luispvhilui fifoujsf!
usbjojohlebubtfulboe!joejdbuftiui flovncTs!pgigbttftiuibului Finbdijofihfbsojoh!brhpsjui n!nvtu!
dpnarfuflevsjohluibulusbjojoh/!XF!qgspdffe!bt!gpmpxt;

xfjhiut-Icjbt!>lgju)Y-1z-IxFjhiut-Icjbt-1fqpd i t>211*
z gsfe!>lgsfejdu)Y-IxFjhiut-Icjbt*
z qgsfe

$lbssbz)\1/-11/-11/-12/**

z

$!bssbz)\1/-12/-11/-12/"

xfjhiut-Icjbt
$!)bsshz)\\1/23782526"-
$! 1 \1/1228468M*-

$!.1/2434225729: :418:4*

Ui ftfixfjhiut!boelcjbt!ibwfcffolgpvoelczlui fhsbejfoule FtdFoulbrhpsjui N/!Pvs!gspdfevshb
dpefljtib!cjulibqib{bse/lulxpwvie!cFldifbofslup!vtFiui FlipckFdu. psjfoufe!bqqgspbdi!boe!fodbqgtv.
tbuFlui Flopujpo!pg!blgfsdfquspoljolblefejdbufe!dibtt;

dbtt!QFsdFquspo)pckFdu*;

I efg!™joju” ) thg-lejn*;

I thyejn!>lejn

I 1 tfig/xFjhiut!>log/shoepn/opsnbn)tj{f>)tfgyejn-12**

I I thy/cjbt!>log/shoepn/opsnbn)*

DGBYotujuvuf!SFtfbsdi!Gpvoebujpo! o 77



Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

I efglgju)tng-1Y-1z-hnfFbsojoh ™ sbuf>/12-1Fqpd i t>2%;
I I gps!jljolsbohf)Fgpdit*;

I 11 gpsly-lubshfuljo{jq)Y-1z*;

I 11T yisly/sftibgf).2-12*

DL wisitfig/xfjhiut/UAly!, 1tfig/cjbt
L1z gsfel>Wjgiwl=11/1FrtF12/

111 jglubshful">lz" gsFe;

I efglgsfejdu)tfug-Y*;

I 1z gsfe!>\»

11 gpslyljolY;

I yisly/sFtibqgf).2-12*

LT wislefighxfihiut/UIAlY!, [tfig/cjbt
I 11z gsfe/bqqfoe)1/jgiw!=!11/1FntF12/*

I I sfuvsolog/bsshz)z™ gsfe*

Ui fldpefixFlibwFlgspwjefeljtigpsigFebhphjdbnlgvsgptftdbtitvdi-bldibtt!bisFbez! fyjtut!jo!
tdjlju.rFbso-lui FigpqwvibslgsFFltpguxbsfinbdijofinfbsojohljcsbsz!gps!Qzui po/!Tdjlju.rfbso!hsFx!pwvul
py'blkvof!3118!HpphrfITvnnTs!pg!Dpeflgspkfdulcz!Ebwje!Dpvsobqgfbv!boelopx!gFbuvsFtiwbsjpvt!
dibttjgjdbujpo-Isthsfttjpo-Iboe!divtufsjoh!brhpsjui Nnt-ljodnvejoh!tvqgpsulwfdupsinbdijoft-lshoepn!
gpsftut-thsbejfoulcpptujoh-l1.Nnfbot-lboe!EC.TDBO/!Tdjlju.rfbsoljtleftjhofelup!joufspgfsbuf!xjui!
ui FIQzui polovnTsjdbnboe!tdjfoujgjdinjcsbsjFt!OvnQz!boe!TdjQz/

B pvhiljoejwjevhngfsdfquspotluvsofe!pvulup!cFlpghjnjufe!gsbdujdbnvtf-lofuxpslt!pgqfsdfq.
uspot!)pslgFfelgpsxbselofvsbnlofuxpslt-!GGOOt* xFsFltppolsFdphoj{fe!bt!qpxFsgvnvojwFstbn
gvodujpo!bgqgspyjnbupst/!U i fjs!dbnjcsbujpo!jolgsbdujdFixbt!jngfefelcz!dpnqvubujpobnisFtusjd.
upot-Ixxijdi!xfsflpwFsdpnflbrhpsjui njdbmz!vtjohlui flcbdIgspgbhbujpo!bihpsjui N!)Svnfiibsu-!
1joupo-boe!Xjmbnt!2:97*-b!nbkpsldpngvubujpobibewbodf-Iboeljngspwfnfout!jo! i bsexbst-!
tvdilbtiui fifnfshfodflpg!HQVt/IUiFlgsphsfttixbtiopulvojgpsn-boeluijtbdbefnjd!bsfb!
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xFouluispvhiltfwfshilgfsjpet!pglgvoejohldvut-IxijdilbsFltpnfujnftisfgfssfelup!bt!Blxjoufst!
) 1 bshvTttiboe!Xbse!3133*/

More Sophisticated Deep Learning Frameworks

Joluijtitfdujpo-IxFleftdsjcFinpsfitpqijtujdbufeleffginfbsojohlgsbnfxpslt-ltFwFsbnlpg!<ijdi!
ibwFlcfdpnfigpgvibsljolgjobod /!X FIcFhjo!xjui!sFdvssfoulofvsbnofuxpsit)SOOt*)Svnfiibsu!
fulbn/12: 97*-I1xijdi!bsFIGGOOtuibulbsFlopultubufifttOsbui fslui Fz!ibwFldpoofdujpot!cfuxFfo!
gbttft-'dpoofdujpotiuispvhilujnf/Uifz!bsFligpqvibs!jolgjobodjbnbqanjdbujpot/!Ofvspotiub !
jogvuljogpsnbujpolopulponz!gspn!gsfwjpvtiibzfst!cvulbitplgspniui Fntfwft!po!gsfwjpvtigbttft/!
Uivt-lui fipsefsljolxijdilui FljogvuljtigFeljoup'boelusbjofeljolui Flofuxpsl!nbuufst/!Pof nbkps!
dibmFohflixjui!SOOt!jtlui Flwbojtijoh!hsbejfoulgsperfn-Ixi fsf-lefgfoejoh!polui Fbdujwbujpo!
gvodujpotivtfe-ljogpsnbujpo!sbgjenz!hfutptulpwfsiujnf/IUijtjtItjnjibslup! i px!tpNFIGGOOthptF!
jogpsnbujpoljolefqui/!OfwEsui fiftt-ISOOt!bsFliblhppe!dipjdFlgpsinboz!ujnfitfsjFtibqgndbujpot/!
XF!Itipx!bo!SOO!jo'Exhibit 3/

Fdip'tubuflofuxpslt)kbFfhfs!boe! 1 bbt!3115*bsflbopui Fsluzgfipg!)sFdvssFourlofuxpsl/\Ui Fz!tfu!
ui Fnthwft!ibgbsulcz! ibwjoh!sboepn!dpoofdujpot!cfuxffolofvspot!)j/f/-lui fz!bsFlopulpshboj{fe!
jouplofbu!tfut!pghbzfst*/otufbe!pglgFfejoh!jogvulboe!chdlgspgbhbujohlui i fsspslui FzlgFfe!
uiFljoqvu-'vgebuflui Flofvspot-lboe!pctfswilui Flpvugvulpwsluin f/!Ui fjogvulboe!pvugvulnbzfst!
i1bwflbltpnfxibulvodpowfoujpobnisprfibtiui fjoqvulibzfs!jtivtFelup!gsfgbsFlui Flofuxpsl'boelui f!
pvuqvulibzfs!bdut!bt!bo!pctfswfs!pglui fibdujwbujpo!gbuufsotiuibulefwiipg!pwsiujnf/!Evsjohlui !
usbjojohlgfsjpe-ponziui fldpoofdujpot!cfuxFfolui fipctfswisiboelui flijeefolvojut!bsfidibohfe/

Fyijcjuld/ISFdvssFou!OfvsbnOfuxpsl!BsdijufduvsFiUispvhi!lUjinTt

Pwvugwvu;
Qsfejdujpot
Hfofsbuft Hfofsbuft Hfofsbuft Hfofsbuft
Pwvugwvu Pvugwvu Pwvugwvu Pwvugwvu

Nfnpsz

Nfnpsz

Gnpx Gipx
1jeefo;
Nfnpsz
Dfmt
Qspdfttft Qspdfttft Qspdfttft Qspdfttft
Jogwvu Jogqwvu Jogwvu Jogwvu
Jogvu;
Tfrvfoujbr
Ebub
Ujinfll Ujnfi2 Ujinf!3 Ujinfl4

Lfz!Dpodfqu;!Nfnpsz!dfmt!sfnfncfsljogpsnbujpolgspnlgsfwjpvtiujnfltufgt
Uijtibmpxtiui flofuxpslluplvoefstuboe!tfrvfodftiboe!dpoufyu
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Mpoh!tipsu.ufsn!iNnfnpsz!)MTUN*!) I pdisfjufsiboe! Tdi njeivcTs!2: - 8*lofuxpsltiusziup!dpnchbu!

ui FiwbojtijohOfyqgnpejoh!hsbejfoulgsperfniczljouspevdjoh!hbuft!boe!bo!fygndjuz!e fgjofe!
nTfnpsz!dfm/!Ui FtflbsFjotgjsfe!nptwz!cz!djsdvjusz-lopultp!nvdi!cjpiphz/!Fbdilofvspo!ibt!b!
NnTfnpsz!dfmboeluisFFhbuft;joqvu-pvugvu-lboelgpshfu/lUi Flgvodujpo!pgiui Ftflhbuft!jtiup!tbgf.
hvbselui fljogpsnbujpolcz!tupqgjoh!ps!bmpxjohlui Fignpx!pglju/!Ui Fljogvulhbuflefufsnjoft!i px!
nvdi!pglui Fljogpsnbujpolgspnlui FlgsfwjpvthibzFsljt!itupsfeljolui Flidfm/!U i Fpvugvubzfsiub IFtlui !
kpc!polui flpui Fsifoelboelefufsnjoft!ipx!nvdi!pglui Flofyuhbzfsthfutlup!lopx!bcpvului Fitubuf!
pgluijtidfm/IUi Figpshfulhbuf-btlui Flobnfltvhhftut-!'Foberftiui Flofuxpsluplgpshfu/IMTUNT! i bwT!
cffoltipxolup!cflberflupifbsoldpnarfy!tFrvfodft-ltvdi!bt!xsjujoh!gsptfipsidpngptjoh!nvtjd/!
XF!Itipx!bo!MTUN!jo!Exhibit 4/

OfvshnlUvsjoh!nbdijoft!) OUNt*)HshwFt-1>Xbzof-boe!Eboji filb!3125*/dbo!cflvoefstuppe!
bt!bo!bctushdujpo!pg!MTUNt!boe!bo!buufnqulup!'voep!ui flcibdl.cpylobuvsT!pglofvsbrlofuxpsit!
)boelgspwjeFjotjhiuljoup!x ibuljt!hpjoh!po!jolui FsF*/IOUNt!bvhnToului flusbejujpobnofvsh!
ofuxpsl!bsdijufduvsFixjui!bo!fyufFsobnnfnpsz!cbol-bmpxjoh!julup!gfsgpsn!ubtitiuibulsFrvjsf!
cpui!ldpngvubujpolboelgfyjcrflinfnpszinbojqwvibujpo-tvdibtldpgzjoh-tpsujoh-lboe!bttpdjbujwf!
sfdbm/!UiflbsdijufduvsTidpotjtut!pgluisFfinbjo!dpnqgpofout;!bldpouspmfs!xijdilgspdfttftjoqvut!
boelefufsnjoft!i pxlup!joufsbdulxjui!NnfnpszdblNnfnpszinbusjy-Ixijdiltfswit!ibtiui Fifyufsobn
tupsbhflgpstjogpsnbujpo<iboelsfhedxsjuf!i fhet-Ixijdi!gpdvt!buufoujpo!poltqfdjgjd!nfnpsz!
npdbujpot!gps!sFbejoh!ps!xsjujohlebub/

Fyijcju!5/IMTUN!Bsdijufduvst

MjIfib'tnbsulopufcppliuiby;
o Fsbtft!pvuebufeljogpsnbujpo
o Xsjuftlepxo!jngpsuboulofx!ghdut
o SFfnfncfstidpoufyu!pwfsiipoh!gfsjpet

LSTM Memory Cell
Mpoh.Ufsn!Nfnpsz!Gipx

S ©

Vqgebufe
Nfnpsz

Pwvugwvu
Hbuf
Xibulup Xibulup Ofx!jogp Xibulup
gpshfu@ sfnfncfs up'tupsf tibsf@
\ J

MTUN!Qspdftt;
2/'Efdjeft!xibulpreljogpsnbujpolup!uispx!bxbz!)Gpshfu!Hbuf*!
3/\Efdjeft!xibulofx!jogpsnbujpolup!tupst!)ioqvulHbuf*
4/\Dsfbuft!dboejebufiwbnvTtigpslofx!jogpsnbujpo
5/\Vgebuftinfnpsz!xjui!tfrfdufe!jogpsnbujpo
6/!Efdjeft!xibulgbsut!pg!nfnpsziup!pvugvu!) Pvugvu!Hbuf*
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Ui fldpouspmfs!pgufoljngrfnfoufe!bt!blsfdvssfoulofvsbnofuxpsl-Isfdfjwfticpuilui Fldvssfou!
jogvulboelui figsfwjpvtinfnpsz!sfbepvu-Ifoberjoh!julup!nblfljogpsnfelefdjtjpot!bcpvu!Nnfnpsz!
bddftt/\Ui fisfbelboe!xsjuf! i fhet!vtflbuufoujpolnfdibojtntiuplefufsnjoflipx!nvdilgpdvt!
up!grbdflpo!fhdi!nfnpszipdbujpo-'bmpxjohlui FIOUN!up!joufsbdulxjuilnfnpsz!jolbltnppui-!
ejggFsfoujberfixbz/\UijtlejggFsFoujbejnuz!nfbot!ui fIfoujsFltztufn!dbo!cFlushjofe! Foelup!foe!
vtjoh'!hshejfouleftdfou-lkvtuljlfltuboebselofvsbilofuxpslt/IUi FlsFtvuljtiblnpefmuibuldpncjoft!
ui Flgbuufso!sfdphojujpo!tusfohui tipglofvsbilofuxpsltixjui lui Flbnhpsjui njdigrfyjcjniuz!pg!b!Uvsjoh!
nbdijof-INnbljoh!OUNt!gbsujdvibsiz!tvjufelgpslubtltiuibulsFrvjsfisfbtpojoh!pwfs!tFrvfodftiboe!
nbojgvibujoh!tupsfelebubljo!dpnarfy!xbzt/'EjggFsFoujbcrflofvsbridpnqvufst!)Hsbwft-1Xbzof-!
Stzopret-! 1 bsifz-!Eboji filb-!Hsbctlb.ChsxjNt1b-!Dpninfobsfkp-HsFgFotufuuf-lboe!Sbnbni p!
3127*bsflfoibodfelofvsbnUvsjoh!nbdijoft!xjui!tdbibcrfinfnpsz-ljotgjsfe!cz!i px!Nnfnpsjft!
bsfltupsfelczlui flivnbolijggpdbngvt/XFitipx!ui flbsd i jufduvsT!pglbo!OUNIjo!Exhibit 5/

Hbufe!sfdvssfoulvojut)HSVt*)Dip-'wbo!NTssjfocpfs!Cbiebobv-boe!Cfohjp!3125*bsFiblwbsjb.
ujpo!po!MTUNTt/!Ui fz!dpoubjo!pofirfFttihbufboe!bsT!xjsFe!tnjhiunz!ejggFsFounz;jotufbe!pglbo!joqvu-!
pvugvu-boelgpshfuthbuf-lui fz!ibwflbolvgebufhbuf/lUi flvgebufthbuflefufsnjofticpuilipx!nvdi!
jogpsnbujpolup! IFFglgspniui Fibtultubuflboe!i px!Nvdiljogpsnbujpoluprfuljolgspnlui Fligsfwjpvt!
1bzFy/!U i FisFtfulhbuflgvodujpot!nvdilnjIflui Figpshfulhbuf!pg!bo!MTUN!cvuljthpdbufe!bulejggfsfoul
gpjoutljolui flefdjtjpo.Nnbljohlgspdftt/io!Nnptuldbtft-lui fz!lgvodujpoltjnjibsiziup!MTUNt!cvulbsT!
tjhiuz!gbtufsiboe! fbtjfslup!svol)bicTjulbrtp!tnjh iunznftt! fyqsFetjwf*/

Fyijcju!6/!OfvsbilUvsjoh!Nbd1jof!Bsdijufduvst

GjobodjbnFybnarf;!Brhpsjui njd!Usbejoh!Tztufn
Stfnfncfstigbtu'nbslfulgbuufsotiup!nblficfuufsigsfejdujpot
MjIfblusbeFsixjuilgfsgfdulnfnpsz!pglbminbsfulijtupsz

Read Head

“Information Finder” ( VES ol )
Tfbsdiftigpsisfrfwbou [~ _ . Buufoujpo
ijtupsjdbriebub ~ Sfusjfwft
T~ External Memory
Sso “Smart Database”
N ~
SEARCHES Q1Data Q2Data  Rules

STdfjwft

Trading
Decision

Controller
“The Brain"

Patterns History | Trends

Qspdfttftjogpsnbujpo
NbsIfu boe!nblftlefdjtjpot UPDRATES DECIDES CvzO0Tm0
Tjhobnt 1 pre
Tupsft!ijtupsjdbnigbuufsot
Write Head TupsFt boelusbejoh!svift
| J

“Information Updater”
Tupsftlofx!nbslfu
jotjhiut

How it works:
2/Istdfjwit!nbslfulebub!boe!bobiz{ft!dvssfouldpoejujpot
3/'Tfbsdi Ft!mTnpsz!gps'tjnjibs!ijtupsjdbnigbuufsot
4/'Vgebuft!nfnpsz!xjuilofx!nbslfuljotjhiut
5/INblIft!jogpsnfelusbejohlefdjtjpot!cbtfe!po!ijtupsz!, !dvssfoulebub
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CjejsfdujpobrisFdvssfoulofvsbniofuxpsltiboe!cjejsfdujpobinpoh!tipsu.ufsn!nfnpsz!iofuxpsit!
)COt*)TdivtuFsiboe!Qbnjxbn2: : 8*nppl'jeFoujdbnup!ui fjs'vojejsFdujpobiidpvoufsgbsut/!Ui flinbjo!
ejggfsfodficfuxffolui Fn!jtluibu!lCOt!bsFlopulkvtuldpoofdufeluplui Figbtulcvulbitp!dpoofdufelup!

ui FlgvuvsF/IUijtinfbotluibulevsjohlusbjojoh-lui Flofuxpsl!gjmt!jolhbgt!jotufbe!pg'tjingnz!bewbodjoh!
jogpsnbujpo/'GpsiFybnarf-ljotufbe!pglbewbodjoh!boljnbhflpolui Ffehf-ljuldpvne!gjm!b! i prfljolui !
njeenflpgbo!jnbhf/

Bvupfodpefst!)BFt*IsfgsFtfoulblejggfsFoulvtFlpg!GGOOtisbui fsluibo!blgvoebnfoubmz!ejogfs.
Foulbsd ijufduvsf/liobvupFfodpefst-IxFldpngsftt!jogpsnbujpo/lo!BFt-lui fifoujsFlofuxpsl!
sFtfncrftibo!ipvshibtt-!ibwjoh!tnbmfs!ijeefohbzfst!sfbujwFlup!ui fjogvulboe!pvugvulibzfst/!
BFt!dbo!cflusbjofelvtjoh!cbdlgspgbhbujpolczlgFfejohljoqvulboe!tfuujoh!ui Fifsspsiup!cFlui f!
ejygfsfodficfuxffolui fljoqvulboe!xibuldbnflpvu!) Ijoupo'boe! Thibl ivuejopw!3117*/'Whsjbujpobn!
bvupfodpefst)WBFt* ibwFlui Fitbnflbsd i jufduvsflbt!BFt!cvulbsFlPubvhiup!bo!bqgspyjnbufe!
gspchcjijuz!ejtusjcvujpo!pgiui Fljogvultbnarft!ebub!)Ljohnb!boe! Xfmjoh!3125*/!Efopjtjoh!
bvupfodpefstibsFIBFt!x i fsfixFlgFfeljolui fljogvulebub!Xjuilopjtf/!Ui fipvugvulpglui Flofuxpsl!
jtidpngbsfe!xjuilui Fipsjhjobrljogqvulxjui pvului FlopjtF-Ixijdi!fodpvsbhftlui Flofuxpsliuprfbso!
cspbefslgfbuvsttjotufbe!pglefubjrt!)WjodFou-Mbspd i finf-ICFohjp-lboe!Nbo{bhpn3119*/

Xjui'tgbstflbvupfodpefst!) TBFt*)Nbl i{boj'boe!Gsfz!3124*IxFlfodpeFljogpsnbujpo!jo!npst!
tqgbdf/'Tp!jotufbe!pglui Flofuxpsl!dpowFshjohljolui Finjeenflboelui Folfygboejoh!chdlluplui Fljogvu!
ti{f-wifinjeerfipglui Flofuxpsl!jtiui Fi{pofipgFygbotjpo/ TBFt!bsFlvtFgvijo!Fyusbdujohltnbm!
gFbuvsFtigspn!blebubtfu/llotufbe!pg'tingrz!gFfejoh!chdllui fljogvulbt!jo!'tpnfipui fslofuxpslt-!
xFlgFfelcbdllui Fljogvulxjuilui Flbeejujpo!pglb!tgbstjuz!esjwfs!U i jtItgbstjuz!esjwfs!jt!pgufo!b!
PuisTti prelgjufsp!x i fsFlponz!b!dfsubjo!Fssps!jtigbttfe!chdl!boelusbjofe< pui Fs!fsspstixjmicT!
Pjsstrfwbouplgps!luibulgbtt!boe!tfulup!{Fsp/!Uijtljt'tpnfxibultjnjbslup!tgjljoh!ofvsbnlofuxpsl t-!

X ifsflopulbmlofvspot!gisFibmiui Flujnf/IBnpohlui flwbsjpvtiuzgft!pg fodpefst-WBFt!jo!gbsujdvibs!
ibwflcfdpnfigpgvibsljolgjobodFlcFdbvtfipglui fislvujnjuz!jolbopnbnz!efufdujpo!boelhfofsbujoh!
tzoui fujdlebub/!XFiti px!WBF!bsd i jufduvsfljo!Exhibit 6/

Hfofsbujwfbewfstbsjbrlofuxpslt)HBOt*)Hppegfmpx-IQpvhfu.Bcbejf-INjs{b-'Yv-1>Xbsef.Gbsifz!
P{bjs'Dpvswjmf-Iboe!CTfohjp!3125*IbsFib!dibtt!pg'hfofsbujwfinpefitiuibulvtFiblhbnf.uifpsfujd!
gsbnfxpsliupirfbsolboe!hfofsbuflofx!ebubluibulnjnjdtiui flejtusjcvujpo!pg!b!hjwfolebubtfu/!
HBOt!dpotjtulpgluxp!ofvsbilofuxpsliuxjot;lui flhfofsbups!boelui flejtdsjnjobups/!Ui flhfofsb.
upsldsFbuftitzoui fujd!ebublgspn!sboepn!opjtf-buufnqujohlup!njnjdiui FisFbnlebub!ejtusjcvujpo/!
Ui flejtdsjnjobups!ejtujohvjti fticfuxffo!sfbrlebub)gspn!ui Flebubtfu*lboe!gb I Flebub!)gspevdfe!
czluiflhfofsbups*/!Ui flejtdsjnjobups!sFdfjwFt!Fjui Fslusbjojoh!ebub!psthfofsbufe!dpoufoulgspn!

ui Flhfofsbupslogpsnbujpo!sFhbsejoh! i px!>fmlui flejtdsjnjobups!jtibcrflup!dpssFdunzigsfejdului !
ebub!tpvsdfljtiui Folvtfe!btigbsu!pglui FIFsspslgpsiui FlhFofsbujoh!lofuxpsl/IUijtigspdftt!jo! Fttfodf!
dsfbuft!b!dpngfujujwflhbnfljo!xijdilui Flejtdsjinjobupsihfut!cfuufsibulejtujohvjtijoh!sfbilebub!
gspn'hfofsbufelebub!boelui flhfofsbupshfbsotiup!cFdpnfiftt!gsfejduberflup!ui Flejtdsjnjobupy!
HBOt!ibwFlcfdpnT!gpqvibs!jolgiobodfibtib!nfbotlup!hfofsbufltzoui fujdlebub/! XFltipxlui f!
HBO!bsd i jufduvsfljo!Exhibit 7/

Mjrvje!'tubufinbdijoft!)Nbbtt-lObutdindhfs!boe!Nbslsbn!3113*bsflbluzgfipg'tgjljohlofvshilofu.
xpsliuibulsFagrbdFlui Fivtvbntihnpje!bdujwbujpolgvodujpot!XjuilejtdsfufliuisFtipre!nfdibojtnt-!
xifsfifbdilofvspo!brtp!nbjoubjot!bo!joufsobntubuf!psibddvnvibufe!qgpufoujbr/iotufbe!pg!
pwFsxsjujoh!ui Flofvspaolt!dvssFoulwbnvFixjuilui FixFjhiufe!'tvn!pgljut!ofjhicpst-lui fljogqvu!
jtljodsfnfoubmz!beefeluplui Flofvspdit'tupsfe!fofshz/! X i Foluijt'bddvnvibufe!wbnvFltvs.
gbttftblefgjofejuisttipre-lui flofvspo!lfnjut!bltqjlf-lusbotgfssjoh!fofshzlup!dpoofdufelvojut/!
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Fyijcju!7/'WbsjbujpobnBvupfodpefs!Bsdijufduvst

The VAE Process:

2/\Ublftidpngrfy!nbslfulebub!boelgjoet!ui fidpsfigbuufsot
3/\Dsfbuft!b!PgjohFsgsjoup!pg! nbsl fulcFibwjps!jolibufoultqbd f
4/'Dbo!hfofsbuflofx-Isfhjtujd!nbslfu'tdfobsjpt
5/1 1 figtljefoujgz!xi fo!nbsl fut!cFibwflvovtvbmz

Latent Space
e N e N “The Essence”
Input Data Encoder Decoder Output Data
“Raw Information” “Pattern Finder” “Reconstructor” “Reconstructed”
. Average  Pattern -
EEEEET overfss Pattem  Variation Fyabotipo
ANALYZE - GENERATE
N\ e s ST
Stépotusvipo
SAMPLE
Nbslfulebub-!gsjdft- Dpngsfttftidpnarfy Sfcvjiet!nbslfulebub Drfbo-Ifoibodfe
wpivn ft-ljoejdbupst nbslfulebubljoup qu“_"sﬁ!dlmfmbs',f" gspn!dpsFigbuufsot nbslfulgsfejdujpot
Ifzigbusfsot cfibwjpsigbuufsot;
\ J o CvmOcfbsiusfoet
* Wprbujijuz!rfwfit
o Tfdups!dpssfibujpot
| 7
Financial Application: Market Anomaly Detection and Portfolio Optimization
o Mfbsotlopsnbrnbslfulcfibwjps!gbuufsot!gspn!ijtupsjdbrebub
« Efufdutivovtvbiinbslfuldpoejujpot!boe!gpufoujbrpggpsuvojujft
o Hfofsbuft!tzouifujd!nbslfu'tdfobsjptigps!sjtl!bttFttnfou
« Dsfhuft!npsfispcvtulusbejoh!tusbufhjfticzivoefstuboejoh!nbsl fulPEOBp
® © & 0 0 0 0 0 6 0 & 0 o 0 0 o 0 o 0o 0o 0 0 0 0o
Fyijcju!8'HBO!Bsdijufduvsf
Gjobodjbn'Fybnarf;!Dsfbujoh!tzoui fujd!usbejoh!ebub
uibulnjnjdt!sfbrinbslfulgbuufsot!gpsiuftujoh!tusbufhjft
Bwvuifoujditbnarft
4 )
Discriminator
“The Detective”
- Kvehft
Fybnjoft -
Generator Usjftlup!tgpu
“The Forger” Dsfbuft  gpIf goIftigspnisthn GBLF
Dsfbuftighlflebub Ebub
uibulhppltisfon L J
Mj1Flspmjoh!ejdf Tzoui fujd!Dsfbujpo

The Competition:

2/Hfofsbups!usjFtiup!gppniui FIEjtdsjnjobups
3/IEjtdsjnjobups!usjftlup!dbudilui fFIHFofsbups
4/\Uifzldpngfufboe!cpui!hfulcfuufs
5/IFwfouvbmz!Hfofsbupsldstbuft!qfsgfdulghl Ft
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Uijtigspevdftib!dibsbdufsjtujdigjsjoh!gbuufso!xjui lnpoh!gfsjpet!pgljobdujwjuz!qvoduvbufe!cz!
tveefolcvstut!pg!bdujwjuz-'cFibwjpsiuibuljtiuzgjdbnpg'tgjljoh!cFibwjpst/!B! I pqgjfielofuxpsl!) 1 O*!
jtiblofuxpsljolxijdi!fbdilofvspo!jtidpoofdufelup! fwFsz!pui fslofvspo/FwFszlopefljtijoqvul
cfypsflushjojoh-!lijeefolevsjohlusbjojoh-boe!pvuqvulbgufsxbse/!U i Ftflofuxpsltibsflusbjofe!cz!
tfuujohlui FlofvspotiwbnvFlup!lui FleftjsFe!gbuufsocui Fo-lui FixFjhiut!dbo!cFldpngvufe/lUi ftf!
ofuxpsltibsflpgufo!dbmfe!bttpdjbujwfinfnpsz!cfdbvtflui fz!dpowFshfluplui Finptultjnjibs!
tubuflbtiui Fljogvu/!Cpu{ Nboo!Nbdijoft))CNt*bsFitjnjibslup! 1 Ot-1fydFquluibultpnflofvspot!
bsfinbslfe!bt!jogvulofvspot!boe!puifstisfnbjo!Pijeefoh!Ui Flbrhpsjui n!cfhjot!cz!bttjhojoh!
XTfjhiutisboepnnz!boe!nfbsotiuispvhilcbdlgspgbhbujpo-!psidpousbtujwflejwfshfodf-Ix i fsfib!
Nbslpw!dibjo!jtivtfeluplefufsnjoflui flhsbejfout!cfuxffoluxp!jogpsnbujpobnhbjot/!Bului f!foe!
pg'blgvmofuxpslvgebuf-lui fljoqvulofvspot!icfdpnflpvugvulofvspot/loldpousbtulup! 1 Ot-ljo!CNt-!
ui Flofvspot!inptuz!ibwf!cjobsz!bdujwbujpo!gbuufsot/

Dpowpnvujpobniofvsbilofuxpsit)DOOt*)MFDvo-!ICpuupv-!ICFohjp-boe! I bggoTs!2: - 9*Ipsleffg!dpo.
wpnvujpobniofvshnlofuxpslt)EDOOt*bsFlejggFsFoulgspn!nptulpui FsleFFginfbsojoh!bnhpsjuint/!

Ui fzlbsfigsjnbsjizivtfelgps!jnbhfligspdfttjohlcvuldbo!brtplcFibgagnfelup!pul Fsluzgft!pglebub!tvdi!
btlbvejp/!BluzgjdbnvtfldbtflgpsIDOOt!jtIx i fsFlzpvijogvulofuxpsljnbhft!boelui Flofuxpslidibt.
tjgjFtiui FlebubOgps!Fybngrf-Pdbupwistvt!Pephp!DOOt!ufoe!lup!tubsu! xjui!boljoqvulPtdboofsplui bul
jtlopuljoufoefelup!gbstfibmiusbjojohlebublbu!pod /Ui fljoqvulebub!bsflui folgspdfttfeluispvhi!
dpowpnvujpobnltbzfst-!x i fsflopulbmopeft!bsfldpoofdufelup!bmopeft/Fbdilopefiponzidpodfsot!
jutfiglxjuilofjhicpsjoh!dfmt!joldiptFlgspyjnjuz!) i px!diptflwbsjFticz!bggrjdbujpo*/'Dpowpmnvujpobn!
tbzfst!brtplufoelup!tisjolbtiui fz!leffgfo/

Btjeflgspn!ui Ftfldpowpnvujpobnbzfst-IDOOt!brtplgsFrvFounz!gfbuvstigpprjohinbzfst/!Qpprjoh!jtib!
XbzluplgjuFs!pvulefubjit/Pofldpnnponzivtfelgppnohlufdiojrvljtinby!gpprjoh-Ixi fsfixflub 1 f-!
gps!fybnarf-luistfigjyfitlboe!gbtt!polui flgjyfixjuilui Finptulbnpvoulpglsfe/!SThn. xpsieljnanf.
Nnfoubujpot!pg!DOOt!pgufo!buubdi!bo!GGOOuplui Fifoe!pglui Flbnhpsjui Nnluplgvsui fslgspdFttiui f!
ebub-'b'nbofvwfs!uibulbmpxt!gps!ijhinz!loponjofbs!bctusbdujpot/

Efdpowpnvujpobniofuxpsit!) EOt*-Ibntp!lopxo!lbt!jowfstflhsbqgijdtiofuxpslt!)JHOt*-Ibsfisfwfstfe!
dpowpnvujpobniofvshrlofuxpslt/IGpsIfybnarf-ldpotjefsiui FldbtFix i fsFixFlgFfe!blofuxpsliui !
xpse!Pephp!)ps!b!cjobsz!dibttjgjdbujpoljoqvulwfdups*iboelusbjo!julup!gspevdfleph.njIflgjduvsfticz!
dpngbsjoh!xibuljulhfofsbuftlup!sfhilgjduvstt!pglepht//EOOt!dbo!brtp!cfldpncjofe!Xjui!GGOOt!
kvtulj IFisFhvibs!DOOt!dbo/! X i foluijtljtlepof-lui Flgpprjohlibzfst!pgufolgpvoeljo!DOOt!bsT!
gsFrvfouz!sFarbdfe!xjuilbobnphpvt!jowfstFlpqgfsbujpot-!gsjnbsjizijoufsqprbujpo!boe! fyusbqprbujpo!
Xjui!cjbtfelbttvnqujpot/

Gjobmz-ldbgtvrflofuxpsit!))DbgtOfu*)Thcpvs!Gspttu-lboe! I joupo!3128*IbsFlcjpiphjdbmz!jotgjsfe!
bufsobujwFtluplqppnjoh-Ixifsflofvspot!bsfldpoofdufe!xjui!bwFdups!pgixfjhiut!jotufbe!pglkvtul
pofixfjhiu)bltdbibs*/!Lpipofolofuxpsit)Lpipofo!2: : 1*Ipoluiflpuifsliboe-lvtfldpngfujujwf!
rfbsojohlup!dibttjgz!ebub!xjui pvultvgfswjtjpo/lolui FlofyultFdujpo-IxFleftdsjcFltpnfitgfdjgjd!
bqgnjdbujpot!pgleffqginfbsojohlup!gjobodf/

Applications in Finance

Efsjwbujwft!gsjdjoh!xbt!pof!pglui ! fbsizlubshfut!pg'bggnfelofvsbrlofuxpsltljo!gjobodf/!
Fbsiz!bepqufst!pglofvsbniofuxpsltljo!pqujpo!gsjdjoh!jodnve fINbmjbsjt!boe!Thid i focTfshfs!
)2: : 4% 1vudijotpo-Mp-lboe!Qphhjp!)2: : 5*!IZbp-IMj-'boe!Ubo!)3111*!CFoofmboe! Tvudnjggf!
)3115*%!Iboe!Hsbepkfwjd-'Hfodbz-!boe!LvIpmk!)311 :*/1Xjuilui FlbewfFou!pglefFFgnfbsojoh!
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)JHppegfmpx!3127*-lofvsbilofuxpsltitubsufelup!cfdpnf!inbjotusfbn-boeleffqlifbsojoh!
stfoufsfe!rvboutldpmfdujwf!dpotdjpvtoftt-!gbsujdvibsiz!igpmpxjoh!gvenjdbujpo!pg!xpsl!poleffq!
rFbsojoh!wpnbujrjuz)GFshvtpolboe!HsFFo!3129<! I pswbui-'Nvhvsv{b-'boe!Upnbt!3132*-Ixijdi!
tppo!cfdbnfinbjotusfbn/

Jolun FtFbsujdnft-lui FlbvuipstigsFtfoufelofvshilofuxpsl.cbtfeldbncsbujpo!nfuipetiuibulgfsgpsn!
ui fldbnjesbujpolubtl!xjuijolblgfFx!njmjtFdpoet!gpsiui Flgvmjnanjfeltvsgbd /Ui Ftflgsbnfxpsltibst!
bgarjdberfibdsptt!b!sbohflpgiwprbujijuz!npefrtOjodivejoh!tFdpoe.hfofsbujpo!tupd i btujd!wpnbujnjuz!
npefitiboelui fispvhilwpnbujrjuz!gbnjizOboe!b!shohf!pgle fsjwbujwi!dpousbdut/!OFvsbnlofuxpsl tibsF!
cfjoh!vtfeljo!pgmjoflbggspyjnbujpot!pgldpnanfy!gsjdjohlgvodujpot-IxijdilbsFlejgjdviulup!sfgst.
tfoulpsluyynfldpotvnjohlup!fwbivbuf!cz!pui fsinfbhot/

JoltpnTfljotubodft-lgjobodf! ibt'hfofsbufe!brhpsjui Nnjd!bewbodft-1tvdibtlejyfsfoujbreffginfbso.
joh!) 1vhflboe!Thwjof!3131*/uldpncjoftibvupnbujd!bekpjoulejggfsFoujbujpo!)Dbgsjpuujboe!Hjrft!
3135*xjuilnbdijofinfbsojoh-Ixifsflui finpefit!ibsflusbjofe!polfybnagnft!pglopulponzijoqvut!
boehbcft!cvulbitplejgfsfoujbrt!pghbctit!xjui!sFhbselup!jogvut-1zjfiejoh!ijh inz!fggFdujwFigsjdjoh!
boelsjtl'bqqgspyjnbujpot/!NpsFisFdfounz-lui FtFlbgqgspbdi ft!ibwFlcFfolbqanfe!jolb!xjefs!sbohT!
pg'tfuujoht-ltvdi!bt!tupdibtujd'wprbujrjuz!) Tsjej'boe!Cjip Ipo!3134*-ljodnvejoh!fypujd!gspevdut!
)Nb-WFousT-!Ujsbouj-'boe!Di Fo!3136*/

Pvutjeflui fldpoufyu!pglefsjwbujwft!gsjdjoh-leffqinfui pet! i bwflcffolbqggnfelgpsibngiblhfo.
Tsbujpo/!ILpin-lUvsjfi-lboe! XFtushz!)3134* efanpzfeleffqinfbsojohluplgpsFdbtulijhi.gsFrvfodz!
sfuvsot!bulnviujgnf! i psj{potigps!226!tupd I tlushefe!po!Obtebr!vtjoh!psefsicppl!jogpsnbujpo!bul

ui Finptu'hsbovrbsifwfi/! TubuF. pg.ui F.bsu!gsFejdujwf!bddvsbdz!xbt!bdijfwfe!cz!svoojoh!Ppgg.ui .
tifigh!bsujgidjbnloFvsbilofuxpslt!poltubujpobszljogvutiefsiwFelgspnlui Flpsefsicppl/Vtjoh!
dsptt.tfdujpobnisFhsFttjpot-lui Flbvuipsthjolfe!bo!MTUN!oFuxpslitlgpsFdbtujoh!gfsgpsnbodflup!
tupdl!dibsbdufsjtujdt!bului FinbslfulnjdsptusvduvsFirfwfi-ltvhhftujoh!Pjogpsnbujpo.sjdip! Frvjujft!
dbo!cflgsfejdufe!npsflbddvsbufiz/!U i FifggFdujwf! i psj{po!pg'tupdl.tqfdjgjdigpsFdbtut!xbtlgpvoelup!
cflbggspyjnbufiziuxp!bwfsbhflgsjdf!dibohft/

Effq!fdpopnfusjdt!)Cjnplpo!3136*jtiblgsjodjgrfe!sfuijoljoh!pglui fidibttjdbnfdpopnfusjd!
)Svve!3111*boelyjnf.tfsjft!)Utbz!3121*bobnzt FtivtjohleffginfbsojohlufdiojrvFt)Hppegfmpx!
3127<Ejypo-! 1 bigfsjo-boe!Cjplpo!3131*/'Ui Fligpdvt!pg!Cjnp Ipo!)3136*jt!po'ui FIftujnbujpo!pg!
gbsbnfufst!jolwbsjpvt!ifdpopnfusjdtfuljoht/ Tpnfbggudbujpotigpdvt!polui Fisfuijoljoh!pglui f!
XjfofsbLpnnphpspw!gjiufsjohlui fpsz-lui Fitp.dbmfele Ffg!tupdi btujd!gjufst!) I pswbui-!'Lsbutjpt-!
Mjinnfs!boe!zboh!3134<!Tupl-ICjnplpo-boe!Tjnpojbo!3135*/

TpnFljoufsFtujoh!bgagnjdbujpot!ibwflbsjtFo!pvulpglui Fidpncjobujpo!pglsfjogpsdFnfoulefFqinfbso.
johlboelsfjogpsdFnfoulrfbsojoh-blgsbnxpslixifsfibhfoutifbsoluispvhilbltztufn!pglsFxbset!
boe!gvojtinfout-lcbtfe!polui fjsibdujpot!jo!tqfdjgjd!tubuft/!SFjogpsdFnfoulrfbsojoh!) Tvuupo!
3131*ejggfstigspnitvgfswjtfelnfbsojoh!joluibului Flhspvoelusvui!nbz!opulofdfttbsjiz!cfllopxo/!
GFfecbdl!jt!pgufo!fwbnvbujwF!sbui Fslui bo!gsFtdsjqujwF-!jt!pgufolefibzfe-lboe!nbz!cftpvsdfelgspn!
ui FifowjsponTou/lo!sFdfoulzFbst-luijtitvcgjfre!pg!nbdijofirfbsojoh0bsujgjdjbrjoufmjhfod ! hbjofe!
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REINFORCEMENT LEARNING AND
INVERSE REINFORCEMENT LEARNING:
A PRACTITIONER’S GUIDE FOR
INVESTMENT MANAGEMENT
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Ui FISMIGsbnfxpsl;!Lfz!Dpngpofout
Voefstuboejoh!SMIcFhjot!Xjui!jut!/dpsFldpngpofout!) Tvuupo!boe!Cbsup!3129*/!

Agent

Ui fibhfouljtiblefdjtjpo!nblfsiuibulsFgsFtfout!b!nbslfulgbsujdjgbou-'tvdi!bt!bisjtHubIfshjrvjejuz!
gspwjefs!nbslfulNblfs!psijotujuvujpobnps!sfubjiusbefy!U i Fibhfou!pgfsbuft!)bdut* pwfsiblujnf!
joufswbr\1-1UA-Ix i FsFIU!jtlui FignboojohObdujohlujn i psj{po/!Nptu!SM!brthpsjui nt!bsFlgpsnvibufe!
gpslejtdsfuflujnfltufqt/XjuilbltijhiulbevtFipglopubujpo-Ixijdiljtirviufldpnnpoljolui FISMijufsh.
uvsF-IxFivtFlui Fltzncpnuluplefopuf!cpuilui Flejtdsfuf.whnvFlujn flboe!lui fljoefy!polui Flujnfhsje-!
tpluibu!xFldbo!xsjuflul>11-2-0 -U/'Efgfoejoh!polui Fitgfdjgjd! tFuujoh-!U!dbolwbsz!cfuxFfo!njmjtfd.
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Environment
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Biufsobujwflusbejohltztufnt!)ebsl!qppnt-ldspttjohlofuxpslt*
Bvdujpo!'nfdibojtnt)pgfojohtdiptjoh!bvdujpot*
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Ui fltubufljt'b!tobqgti pulpg!bmisfrfwboujogpsnbujpo!bwbjiberfluplui FlbhFoulbu!b!hjwFolujn /!
Fybngrft!jodiveflui Flgpmpx<joh;

o/ Dvssfoulgpsugprnjp!qptjujpot!boeldbti!iprejoht

o/ Nbslfulebub;!gsjdft-lwpnvnTt-ltgstbet-lwpibujnjuzinfbtvsft

o Psefslcppllefqui'boeljnchibodf)jgpctfswbenf*

o SfdfoulgsjdfinpwFnfout'boe!ufdiojdbiljoejdbupst

o UjnTlpglebz-!dbrfoebs!Fyfdut-lboe!lujnflup!nbsfuldptf

o Nhbdspfdpopnjdjoejdbupst!boelofxt!tFoujnfou

o SjtlNTfusjdt;wbhnvFibulsjtINWhS*-1fygptvsFlidpodfousbujpot-!dpssfibujpo! Ftujnbuft

Action (A)
Bdujpo!dpotjtut!pglui fid i pjdft!bwbjibcnfluplui fibhfou;

o' Usbef!rvboujujftiboe!ejsFdujpot!)cvz0tfmoi pre*

o Psefsluzqft'boelujnjoh

o/ Qpsugprjp!bmpdbujpo!bekvtunfout

o Sjtl'nbobhfnfoulefdjtjpot!)ifehjoh-lqptjujpo!tj{joh*

Reward (R)

Stxbseljtiui fligFfechdl!tjhobnuibu'hvjeftirfbsojoh/!Ui FisFxbseljo!SMIjtluzgjdbmz!bttvnfelup!
cflisfdfjwFe!bu!fbdilujnfltufqglule \1-UNpwslui FldpvstFpg!bdujpo!pglui FilbhFou-Ix i FsFlUltiblujn !
i psj{po/!Ui fisFxbse!bulujnfltufqlujtivtvbmz!efgjofelup!cFiblgvodujpo!pglbdujpo!B lubIfolbuluijt!
tufg-'btixfmbt!ui fidvssFou. tufg!boe!ofyu. tufqgwbnvFt!pglui FltubufwbsjberfOsFtqFdujwfiz-! T boe!
T, -ltpljuljtivevbmz!xsjuufo!bt!S) T -B,-T, ,*/lolgjobodf-IsFxbse tiuzgjdbmz!sFgrfdulu i Fligpmpx<joh;

o Qspgju'boehptthQ " M

o Sjtl.bekvtufelsfuvsot!)Tibsqf!sbujp-ljogpsnbujpo!sbujp*

o/ Usbotbdujpoldptut!boe!nbslfuljngbdu

o Sjtl!gfobnjft)WbhS-ldpoejujpobriwbnvflbulsjtl-lesbxepxo!nfbtvsft*

Policy (m)

Ui Flgprjdz!jtiui fibhfoult'tusbufhzOb!Nbqggjoh!gspn!tubuftiup!bdujpot/!Uijt!jt! < ibului FISM!brhp.
sjui NnnfFbsot!boe!pqujnj{ft/'EFfgfoejoh!polui Fluzgfpglui Ftgfdjgjd!'SM!bnhpsjui N-lui Flqprjdz!dbo!
cflefufsnjojtujd-Ixifolui FltbnfldvssFou!tubuflbnxbzt!gspevdftiui fitbnTbdujpo-!ps!juldbo!c!
tupdibtujd/Nolui FlinbuuFs!dbtf-ljotufbe!pg!cjoh!blgvodujpo-lui Flqpnjdz!jtthjwFo!cz!b!gspcbcjnjuz!
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ejtusjcvujpo-'tvdiluibulgpsib!hjwfo!tubuf-!ponz!iui Figspcbcjnjujft!pglejggfsfoulbdujpot-Isbui fsluibo!
bdujpotlui Fntfiwft-lbsFlgjyfe/

Czlefygjojujpo-lui Flpqujnbnlgprjdz!jtib!gpndz!ui bulnbyjnj{ftiui Flupubnfyqfdufe!sfxbselgspn!
ubljoh!bdujpot/2U i fibuufs!rvboujuz!jt!pgufo!xsjuufolbt!gpmpx<t;

U
! Fr {Zf-w S)T,-B, -TM*}/ !
u=1

1 Fsf-IF\-"ltuboet!gpsiui I fygfdufelwbnvfibttvnjohluibulgprjdziz!xjmcflvtfelup!gjd I!bmlgvuvsT!
bdujpot!B/!IGvsui FsnpsF-lyle \1-2Mjt!blejtdpvoulgbdupsiui bu'tgfdjgjft! i px!nvdi!jnnfejbuf!
stxbset!bsfinpsflgsfyfssfe!pwfsistxbset!sfdfjwfeljolui FigvuvsT/IUi FinThojoh!pglui flejtdpvoul
gbdupsy-ljo!SMijt!rvjufitjnjibslup!ui Finfbojoh!pglui flejtdpvoulgbdups!jolgjobod /Ui Fifygfdufe!
upubnisfxxbselefgjofe!jo!Frvbujpo!2!jt!pgufolsfgfssFelup!btiui fisfuvso!jolui FISMhjufsbuvsF/

Fybnagnf;!PqujnbnUsbef!Fyfdvujpo

Up!ifigldpoufyuvhn{flui flgpsFhpjoh!jogpsnbujpo-ldpotjefsibo!pqujnbifyfdvujpolgsperfnljo!
xijdilzpvioffelup!tfm211-111!tibsft!pg!b!tupdl!pwfsiui Flofyuli pvs;

TubuF;!SFnbjojoh!tibsftlup!tfimn)211-111!—!1*!dvssFoultupdl!gsjdF-Icjeebtlitgsfbe-Ipsefsicppl!
efqui-lujinflsFnbjojoh!)71!Nnjovuft!—!1*IsFdFoulwpnbujjuz
Bdujpot;!Ovncfs!pg'tibsftiup!tfmjolui FldvssFoulujnflgfsjpe!) 1lup!sFnbjojoh!rvboujuz*

Sftxbset;!Fyfdvujpo!gsjdfisFdfjwFe!njovt!blgfobuz!gps!gsjdfljngbdulboe!jowfoupsz!sjt IOgps!
fybnagnf-
! S,!>!QsjdFlsFdfjwFe!6!\,!@'Nbs1fuljngbdu!e!A,!@owfoupsz!sjtl/!

Qprjdz;!Blgvodujpoluibulefufsnjoft! i px!nboz!tibsftiup!tfmhjwfolui FldvssFoultubuf

Ui fISMibhfoulnfFbsot!uispvhilusjbniboe! fssps!Fyqfsjnfoujoh!xjuilejogfsFou! FyFdvujpo!sbuftivoers!
wbsjpvtinbslfuldpoejujpot-thsbevbmz!jngspwjoh!jut'tusbufhz!cbtfe!polui fisFxbset!sFdfjwFe/
Mathematical Foundations: MDPs and Beyond

Nbslpw!Efdjtjpo!Qspdfttft

Ui finbuifnbujdbngpvoebujpolgpsinboz!SMigsperfnt!jtiui FINbspwlefdjtjpolgspd Ftt)NEQ*-!
efgjofelczlui Fluvarf!)T-B-Q-S-v*;

o TI>ITfulpg'gpttjerflitubuft/! Tubuft!dbo!cfldpoujovpvit!pslejtdsfuf/

o BI>ITfulpg!gpttjcrfbdujpot/Bdujpot!dbolcfldpoujovpvt!pslejtdsfuf/
of Q)T }T.,-B}>ITubuFlusbotjujpolgspcbcinjujft/

o!  S)T-BT, ,*I>ISFxbselgvodujpo/

ol ve \1-2M>IEjtdpvoulgbdups!gpsigvuvsFistxbset/

2Uijtlefgjojujpolbqarjftiuplui Finptuldpnnporz!vtfelwfstjpo!pg!SM-Idbmfelui Fisjtl.ofvusbnl SM/!Pui fs!npefijoh!d i pjdft!xjm!
cfleftdsjcfelnbufy
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Ui flifzibttvnqujpoljtiui FINbslpwlgspgfsuz;!Ui flgvuvsFlefgfoet!po!ponziui fldvssfou' tubuf-lopu!
uiFlijtupsz!pg i px!xFlbssjwfelui Fsf/IUijtIbttvnqujpo!bmpxt!pofluplefgjoflui Fitubuflezobnjdt!
jolufsnt!pg!tjohnf. tufqlusbotjujpolgspcbejiujFt!Q) T, !} T,-B*luibulsfgFsfodf!ponz!ui fldvssfou. tufq!
boelofyu.tufqgwbnvft!pgiui Fitubufiwbsjberf/\Biui pvhilui FINbslpwjbo!bttvinqujpo!nbz!bqqfbs!
tpnTxibulsFtusjdujwFlgps!gjobodjbntbggndbujpot-'juldbo!pgufo!cfitbujtgjfe!cz!jodivejoh!tvggjdjfou!
jogpsnbujpoljolui FlitubuflsFgsFtfoubujpo/

Qbsujbmz!P ctfswbcrf!Fowjsponfout

Jolgsbdujdf-lgjobodjbn fowjspon fout!bsF!pgufo!gbsujbmz!pctfswocnf/!Usbefstleplopu! i bwflbddftt!
up!bmisfrfwbou!jogpsnbujpoOtvdi lbt!pui Fslgbsujdjgbout]joufoujpot-lvostwfbrfelofxt-ldfousbricbol!
efdjtjpot-lboe!tp!po/Uijtitjuvbujpolnfbetiup!gbsujbmz!pctfswbeifINEQt) QP NEQt*-Ix i fsfibhfout!
sFdfjwFlpctfswbujpot!P luibulgspwjef!ponz!gbsujbrljogpsnbujpo!bcpvului FlusvFitubuf-IT,/

Financial POMDP Example: Trading with Hidden Liquidity

Dpotjefsiblusbefsifyfdvujoh!blibshfipsefsljolblnbslfulxjui!ijeefolnjrvjejuz!)f/h/-lebsl!gppnt!
ps'jdfcfsh!psefst*;

o' UsvF!ItubufIT,;!Upubnbwbjrbcrfinjrvjejuz!bu!fbd i !gsjd Firfwfn!)jodivejoh!ijeefolpse Fst*
o Pctfswbujpo!P;!Ponz!wjtjciflpsefsicppllefqui

o CHijfy'tubufic,;!Qspchbcinjuz'ejtusjcvujpo!pwfsigpttjcrf!ijeefohjrvjejuz!irfwit

o/ Bdujpo!B,;!Psefs!tj{flboelbhhsfttjwfoftt

Uiflibhfoulnvtulnbjoubjo!blctijfyltubufic!>IQ) T }P,.-B,.q*boelvgebufljulvtjoh!Cbzftjbo!jogFsFodf;

D . ”*Z}ttZQ)t’}B )t

! )=

Cu+2
Q) u+2 } Cu

QPNEQt!bsf!tjhojgjdbounzinpsfldpnarfylup!tpmT-!pgufo!sFrvjsjoh!bhfout!lup!nbjoubjo!cijfy!
tubuft!)gspcbejijuz!ejtusjcvujpot!pwfsigpttjerflusvFitubuft*/! I pxfwfslui Fz!gspwjeflblnpsf!
sthnjtujd!npefilpglgjobodjbniefdjtjpo!nbljoh!voefsivodfsubjouz/

Ctmnbo!Frvbujpot;!Ui fIPqujnj{bujpo!Qsjodjqnf

1 jtupsjdbmz-ISMIhsFx!pvulpglezobnjdigsphsbnnjoh-lefwfipgfelcz!Sjdibse!Ctmnbo!jolui F12:71t/!
Ezobnjd!gsphsbnnjoh!pggfst!bltztufnbujd'bqqspbdiluplui Flgsperfn!pgtfrvToujbnidpouspniuibu!
Tttfoujbmz!stijft!polbeejujwjuz!pglui FISMIsfuvsolefgjofeljo!Frvbujpo!2/!Xjuilezobnjd!gsphsbn.
njoh-lui Flupubnisfuvsoljtiwjfxfe!bt!blgvodujpo!pg!fjui Fsiui fldvssFoultubuf!psibldpncjobujpo!pg!

ui FldvssFou'tubuf!iboe!ui Flgjstulbdujpolub I fo/ljolui FligpsnfsidbtF-lui Flupubn'sfuvso!)Frvbujpo!2*jt!
sfgfssFelup!btiui FiwbnvFlgvodujpo!)ps!W.gvodujpo*-Ix< i jrfljolui FinbuuFsidbtF-ljuljtisFyFssFelup!btiui !
whnvF.bdujpolgvodujpo!)ps!R.gvodujpo*/!U i Flgpndz!pqujnj{bujpo!bnpvout!up!gjoejoh!bo!pqujnbn!
gpndz!z uibulnbyjnj{ftlui FIW.gvodujpo!psiui FIR.gvodujpo/!Ui flpqujnbnW.!boe!R.gvodujpot!bsF!
efopufe-IsFtgfdujwinz-\bt!WHT ' boe!R*)T,-B* /Ui FtFlgvodujpot!tbujtyz!sFdvstjwFisfibujpot!lopxo!
bt!Cfmnbo!pqujnbnjuz!frvbujpot;

| o |:E\SU+2}Tu =tB =b'+y) QUItbw) |/
=
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! R)tb*=E\S ,}T =t-B, =b'+ yZQ)t’}t-b*n by, R")t-b*/!
T

Ui ftfifrvbujpot!tubufiuibului FpqujnbnwbmnvFlpg!b!tubuf!)ps!tubuf.bdujpo!gbjs* Frvbrtiui f!
fygfdufeljnnfejbufisfxbse!gnvtiui flejtdpvoute!fyqgfdufelwonvFipglui flcftulgpttjenflofyultubuf/

Ui fldibttjdbniezobnjd!gsphsbnnjohluzgjdbmz!gpdvtft!po!tpmvujpo!pglui Flgjstu!CFmnbo!pqujnbrjuz!
frvbujpolgpslui FIW.gvodujpo!gpsinpx.ejnfotjpobiboelejtdsfuf!tfut!pgtubuftiboe!bdujpo-!xijrf!
bttvnjohluibului flezobnjdt!pglui Flusbotjujpot!cfuxFfo!tubuft!bsF lopxo/! Tvdi!dpotusbjout!po!
ui FlejnTotjpobnjuz!pg!b!tubuf.bdujpo!tgbdflboe!ui FloFfelgps!bo!Fygndju!npefilpglui Fifowjspo.
nfoulgsFtfoufe!tfwFsFhjnjubujpotigpsiui FivtFlpglezobnjd!gsphsbnnjohlgpsinboz!sthn.njgflbgan.
dbujpot!x i fsflui flejnfotjpobnjuz!pglui Fitubuf.bdujpoltgbdfljt!ijhilboe!xifsFlui FIfyqndjulnpef
pglui Fixpsneljtiuzgjdbmz!opulbwbjibcnf!ps! ibselup! Ftujnbuf/

Sttgfdujwinz-lpoflbgqgspbdi!pg!SMIfyufoetiui flezobnjd!gsphsbnnjoh!gpsnvibujpo!pgtFrvFoujbn!
efdjtjpo.nbljoh!gspcifntiup!npefitixjuilblijhi.ejnfotjpobrdpoujovpvt!pslejtdsfufitubuf.bdujpo!
tgbdf-IXjuipvulbttvnjohluibulezobnjdt!pglui fixpsie!bsf! lopxo/lJotufbe-luijtbggspbdi-lopxo!
btlui Flwbnvf.chtfe!SH-Isfijft!poltbnagrftigspn!ebub!pcubjofelgspn!joufsbdujpot!pglbo!bhfoulxjui!
jut!Fowjsponfou-'hjwjoh!sjtflup!'tbnagrf.cbtfe!tpmvujpot!pg!Cfmnbo!pgujnbrjuz! frvbujpot/

WonvF.Cbhtfe!SMiwt/!Qpnjdz.Hsbejfou'wt/!Bdups.Dsjujd!Nfui pet

Ui fiwonvF.cbtfe!SMuibulvtftiwbnvFlpsibdujpo.wonvFlgvodujpotiuphfui Fsixjui!Cfmnbo!frvbujpot!jt!
opului Flponz!bwbjiberflbggspbd i lup!SM/!Pui Fslbqgspbd i Ft!fyjtuluibuleplopulsfiz!po!Cfmnbo!frvb.
ujpot!cvu-lsbui fslejsFdunz!pqujnij{Ffib!gbsbnfufsj{fe!gpndziup!Nnbyjnj{flui Flupubnsfuvso!efgjofe!
jo!lFrvbujpo!2/\Ui FtFinfuipet!bsFldpmfdujwiiz! lopxo!bt!qprjdz.hsbejfoulnfui pet/!Ui finptu!
cbtjd!gpnjdz.hshejfoulnfuipe-'SFIOGPSDF-ljtiwfsz!tingrflup!jngrfnfoulcvul i btlui Flesbxchdl!
pg'gspevdjoh!ijhilwbsjbodflgpslupubnisfuvsot!) Tvuupo!boe!Cbsup!3129*/1Gjobmz-Iju i bdups.dsjujd!
SMInfuipet-luxplejgfsfoulgbsbnfufsj{felgvodujpot'bsFivtfelup!sFgsFtfoului FlwbnvFlgvodujpo!
boelui flgpndz!gvodujpo/!Bdups.dsjujd!infui pet!gspevdfipxFsiwbsjbodF!pglupubnisfuvsotiuibo!qvst!
gpndz.hsbejfoulnfuipet/

RL Algorithm Landscape

DibttjdbnBrhpsjuint

Qfsibgtiui finptulgbnpvt!SMibnhpsjui nljtiui FlwbnvT.cbtfe!SMIbrhpsjui Nn!dbmfe!R.rfbsojoh/!
JulnfFbsot!ui Flpqujnbnibdujpo.wbnvFlgvodujpo-IR*)t-b*-luispvh i luFngpsbitejggfsfodFlvgebuft;

! R) -b*«<R) -b*+a[S ,+ynby, R) ,-b*-R) -b*]/!

Ui fIR.1fbsojoh!bnhpsjui nldbolcFljoufsgsfufe!btbitbngrf.cbtfe!tpmvujpo!pgiui FICFmNbo!pquj.
nbjuz!frvbujpolgpsiui FIR.gvodujpo/!Gps!ejtdsfuf!tubuf.bdujpo!tztuf nt-wbnvFtipgiui FIR.gvodujpot!
gps'ejggfsfouldpncjobujpot!pglui fitubufboe!bdujpo!dbo!cT!tupsFeljolblubenfljo!xijdilspxt!boe!
dpnvnot!dpssFtgpoelup'ejggfsFoulwbnvt!pglui Fitubuflboe!bdujpo-Ixijrflui FIR.vgebuf!frvb.
ujpo'tipxo!ifsfljtivtfelup!vgebuflui FiwbnvFt!jolui Flubenflvgpo!pctfswjoh!blofx!tubuflboe!
sFxbsetlgspn!ubljoh!b!dfsubjo!bdujpo!jolui FldvssFoultubuf/Uijt!gspdFttljtisFyfssFelup!btiubcvibs!
R.nfbsojoh/!R.rfbsojohljt!dpotjefste!Ppgy.gpndzp!nThbojoh!juldbolrfbsolui Flpqujnbnigprjdz! < ijrf!
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gpmpx<joh!blejggFsfoul)Fyqnpsbupsz*lgpndz/!BlejggFsfoulgpsn!pglubcvibsinfbsojoh!jtigsFtfoufe!czlui !
TBSTB!brhpsjui N-bo!Ppo.qpnjdzp!bufsobujwflui bulvgebuft!bddpsejohlup!ui f!bdujpo!bduvbmz!ub 1 fo;

! R)t-b*IR)t-b*, 10AS, ,!, WR)t, ,-b, ,*I-IR)t-b* /!

Gspn!Ubcwvibslup!Effq!MFbsojoh;!Gvodujpo!Bgqgspyjnbujpo!
boe!ETfq!SM

GjobodjbntubufitgbdftibsFluzgjdbmz!Fopsnpvt!psidpoujovpvt!)bttfulgsjdFt-gpsugpnjp!><fihiut-!
nbslfuljoejdbupst*/!Gvodujpo'bgqgspyjnbujpolbeesfttftiuijtitjuvbujpolczinfbsojoh!gbsbnf.
ufsj{FelgvodujpotiuibulbgqgspyjnbufiwbnvFlgvodujpot!)gpsiwonvF.cbhtfe!SMINfui pet*-!qpnjdjft!
Jgps'gpnjdz.hsbejfoulnfuipet*-!psicpuil)gpsibdups.dsjujd!infui pet*/!Buipvhilnboz!nbdijof!
rFbsojoh!bqqgspbdi Ft!)f/h/-lusFFt*bsFlberflup!gspevdflivojwfsthnlgvodujpolbqgspyjnbujpo!nfui.
pet-lupebz-wbsjpvtiwFstjpot!pg'bsujgjdjbriofvsbrlofuxpsltitFswFlbtiui finptulqpgvibsigvodujpo!
bqggspyjnbujpo'bqgspbdi/

Bnpohwbivf.cbtfeleffq!SMINnfuipet-leffq!R.ofuxpslt)EROt*bsflinptu!xjefiz!lopxo//EROt!
dpncjof!R.1fbsojoh!xjuileffqglofvshrlofuxpslt-Ifobcnoh!SMup!iboenflijhi.ejnfotjpobntubuf!
tgbdft/lo!beejujpolup!vtjohleFfglofvsbnofuxpsltigpsiwbnvFlgvodujpo!bggspyjnbujpo-'EROt!
jouspevdfipui fsljoopwbujpotiuibuljngspwflui fjslusbjojoh/lo!gbsujdvibsui fz!vtF fyqfsjFodFisFqibz-!
Xijdilbnpvout!up!tupsjoh!boe!shoepniz!tbnagrjoh!gbtu! fygfsjfodftigpslusbjojoh/!U i Flpui Fs!
joopwbujpot!bsflubshfulofuxpslt; tFgbsbuflofuxpsltigps!tubcjijuz!evsjohlusbjojoh/

Xjui!gpnjdz.hsbejfoulnfuipet-lgvodujpo'bqgspyjnbujpot!bsfivtfelup!bggspyjnbufigprjdjft!
Jgps!qvsTigpnjdz.cbtfelbqgspbdi ft-'tvdibt!SFIOGPSDF*!ps!cpui'wbnvflboe!gpnjdz!gvodujpot!
)gps'bdups.dsjujd!nfui pet*/!Gvodujpo'bqgspyjnbujpot!gpsicpuilgvodujpotibsFbrtplvtfe!jolgspyjnbnl
qgpndz!pqujnj{bujpo)QQP*!brhpsjui NtOb!qprjdz.hsbejfoulnfui peluibulvtFt!b!dijgqgfe!pckFdujwf!
gvodujpolup!FotvsFluibulqprjdz!vgebuft!tubz!xjuijo!b!dfsubjo!PusvtulsFhjpop!xijdi!nblftiusbjojoh!
npsfltubenf/

Npefi.Cbtfe!wt/'Npefn.GsFFISM

Poflpglui finbjolgbsbhejhnt!pg!SM!jtljut!sfijbodf!po!nfbsojohlejsFdunzigspn!FyqfsjFod - xjui pvu!
npefijoh!fowjsponfoulezobnjdt/\Uijt!jtidpnnponzisfgfssfelup!bt!npefi.gsFFISW!IFybnagrft!pg!
npefi.gsFFISMINnfuipet!jodivef!R.1fbsojoh!boe!lqpnjdz!hsbhejfout-Ipvurjofe!gsfwjpvtiz/!Npefn.gsFf!
SMIbggspbdi ft!ibwFlcpui!gsptiboeldpot;

ol Qspt;!Tingrflup!jnagrfnfou-fygfdujwFx i folezobnjdt!bsfivolopxoldpnagrfy

o' Dpot;!TbngrfjofggjdjFou-IsFrvjsFtinboz!joufsbdujpot
Bo!bufsobujwflup!npef.gsFFISMjtinpefi.cbtfe!SM/! Xjuiluijtlbqgspbdi-!pofigjstulrfbsot!b!npefn
pg'fowjsponfoulezobnjdt!boelui FolvtFtiuijtinpeflgpsigiboojoh/liolb!tFotf-INnpefi.chtfe!SM!
ubIftivt!pof!tufg!chdluplui Fitfuujoh!pglezobnijd!gsphsbnnjoh-Ixijd il f<jtFbttvnftiuibu!
ui Flezobnjdt!pglui fifowjsponfoulbst! lopxo/!Npefi.cbtfe!SMInfuipet!ibwflui fjslpxolqgspt!
boeldpot;

o' Qspt;!Npsfltbnqrfifyjdjfou-!Fobenft!grboojohlboe!tdfobsjp!bobiztjt

o/ Dpot;!Qpttjcjnuz!pginpefilfsspstidpngpvoejoh-Inpsfldpnagrfylup!jngrfnfou
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Gpslgjobodjbrtbgarjdbujpot-lui fidi pjdflcfuxffo!npeti.gsFfboe!npefi.chtfe!SMlefgfoet!
polui fitgfdjgjd!gsperfn/! 1jhi.gsFrvfodzlusbejoh!xjuildpnagnfy-lgbtu.dibohjoh!ezobnjdt!
Njhiulgbwps!npefn.gsFFbqgspbdi ft-!x i Fsfbt!tusbufhjd!bttfulbmpdbujpo!dpvre!cfofgjulgspn!
npefi.cbtfelnfuipet/

Ponjoflwt/!Pggjof!SM

Bopui fs!jngpsubou'ejtujodujpo!cfuxtrfolejggfsfou! SMibthpsjuil nt!dpodfsot!i px!ui fz!bsflusbjofe/!
Jo!ponjofISMinfuipet-bolbhfoulnfbsot!czlubljoh!bdujpot!boe!pctfswjoh!sfxbset!sfdfjwfelgspn!jut!
Fowjsponfou/!Tvdi!tfuljoht'bsFlwfsz!dpnnpoljo!bqarjdbujpot!pg!SMijo!spcpujdt/!Ui Fljngpsubou!
rvftujpolgbdfe!czlui Fibhfouljt!i pxlup!pqujnbmz!dpncjofiubljoh!bdujpotiui bu! i bwFlgsfwjpvtnz!
tipxolhppelsfxbselwfstvtiuszjohlofx!bdujpot!x i ptFisFxbset!xjmcfpctfswFe!ponz!bgufs!
uszjohlui Fn/!Uijtigsperfnljt!lopxo!btiui FifygnpsbujpobfygnpjubujpolejrfFnnb!pg!'SM)Tvuupo!
boe!Chsup!3129*/

Blejggfsfou!tfuujohljtigspwjefelcz!pggjof!SM/Noluijtigpsnvibujpo-lui Fibhfoulrfbsot!ui Flpqujnbn!
gpnjdz!xjui pvulblejsfduljoufsbdujpo!xjui!jut! Fowjsponfoulcvu-Isbui Fsvtjoh!ijtupsjdbniebub!dpn.
rfdufelgspn!gsfwjpvtjoufsbdujpot!pgbopui FsHpsiui Fitbnfbhfoulxjuilui Fithnfifowjsponfou/!
Joluijtitfuujoh-lui fibhfouldbo!oppohFsistiz!polusjbn.boe. Fsspsinfuipetluplgjoe!pqujnbibdujpot;!
Ui Fifygipsbujpobfygmpjubujpolejifn nb!xbt!bisthez!beesfttfe!)gpufoujbmz!opu!pqujnbmz"*czlui !
gsfwjpvt!ibhfou/!Bt!b!sFtviu!pgljut!jobcjnjuz!up!FygnpsFlejggFsFoulbdujpot!joljoufsbdujpo!<juijut!Fow;.
sponfou-pggmjoFISMIjt!hFofsbmz! ibsefs!uibo!ponjof!SM/! I pxfwFs!ui Fitfuujoh!pg'pygrjo ! SMIdiptiz!
nbud i Ftlui Fitfuujoh!pg'dibttjdbnigjobodjbntnpefit!uibulbsFluzqgjdbmz!gjulup!gjy Fe!ebubtfut!dpot;jtu.
joh!tpnflijtupsjdbnlebub/

Risk-Aware RL: Beyond Expected Returns

Ui Flupubnisfuvso!hjwFolcz!lui Fitvn!pglbmigvuvsFlisFxbse!jtidifbsiz!blsboepn!rvboujuz!bt!tFfo!bului !
tubsu!pg!bhfoult'bdujpo!)bulujnfl1*icFdbvtfljuleFqfoet!polgvuvsTltubuftiboe!bdujpot!uibulbsflopu!
zfullopxo'bulyjn T /U ijt!tjuvbujpo!jt!rvjufltjnjibslup! i pxlui FlgvuvsFisfuvso!pglboljowftunfou!
gpsugpnjp'jt!blsboepn!rvboujuz!bului FjojujbniujnFpg!gpsugpnp!jojujbujpo/! I pxfwfs!lui fltuboebse!
SMIpqujnj{ftiponz!ui fifygfdufe!dvnvibujwFistxbse!)j/f/-lui finfbo!pgluijtiejtusjcvujpo*!boe!
epftlopuluszlup!dpousprljut! ijhifsinpnfout-'tvdi!btiwbsjbodf-Ivsuptjt-Ipslubjrisjt N fotvsFt/!
Bhbjo!tjnjibslup!dibttjdbnigjobodjbn tfuujoht-luijtidpoejujpo!jt!pgufolopu'tvggjdjFoulgpsiui Fligsbdujdbn!
gvsqptft!pglvtjoh!SMigpslgjobodjbnbggnjdbujpot-!x i fsFixFixboulup!dpouspriopu!ponziui fFinfbo!
gvuvsTlupubnlsfxbselcvulbntp!sjtl-psiwbsjbcijrjuz!bspvoeluijt!nfbo-bt! fygsFttfe-lgps Fybnanf-cz!
ui Fiwbsjbodfpglui FlupubnisFxbse/!CFdbvtFltuboebse!SMlepftiopulbeesftt!sjt10vodfsubjouz!bspvoe!
ui Finfbo!fyqgfdufelupubnistxbse-ljuljtitpnfujnftisfyfssFelup!bt!sjtl.ofvusbn SM/

Cfdbvtfligiobodjbnefdjtjpo!nbljoh!jt!joifsfouz!sjtltFotjujwt-!sjtl.ofvusbn SMjtipgufoljobefrvbuf!
gpsluijtiubtl-Iftgfdjbmz!jg!qvsFiQ " M)ps!sfuvso*ljtiub Ifolbtlui FisFxbselgps!SM/ITFwTsbn fyufotjpot!
beesfttiuijthjnjubujpo/

Sjtl.Tfotjujwf!SM

Nfbobwbsjbodf!SMljodpsqpsbufticpui!fyqfdufe!sfuvsolboelwbsjbodfljouplul FisFxbse;

! Stxbse!>IE\Sfuvso8AIGwbs\Sfuvso?/!
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Joluijtibgqgspbdi-pofivtftibisjtl.bekvtufe!sfuvsolbt!blsFxbselgvodujpo-wfsz!nvdi!jolui Fitqjsju!pg!
uil FldibttjdbnNbsIpxju{!qpsugpnjp!ui Fpsz/!U i flbuusbdujwF!gspgfsuz!pgluijtbqgspbd i jtiui buljultujm!
dbo!vtflui fisjtl.ofvusbn SMigpsnvibujpo-x i FsFlui FlwbsjbodFlgFobuz!jtitjingrzibeefeluplui Flefy).
ojujpo!pglui FisFxbseltvdiluibulxFftujm pqujnj{Fjut'FygFdufe!)nfbo*wbonf/IU i Flpui Fs!buusbdujwf!
gFbuvsFlpgluijtitgfdjgjdbujpoljtiuibului FisFxbselefgjofe!czluijtisfibujpo!jt!b! rvbesbujdigvodujpo!pg!
bdujpot-'xijdilusFnfoepvtizitingjgjftiui FISM!Ibnhpsjui N!boeljolgbdul Foberft!jut!jngrfnfoubujpo!
Xjuipvulvtjoh!boz!ofvsbrlofuxpsltibuphfui s Ejypo-! I bngfsjo-lboe!Cjiplpo!3131*/!Ui fllopxo!
esbxchdl!pg'vtjohiwbsjbodfibt!b!sjtl!nfbtvsjtiuibuljulgFobn{Fft!cpui!ofhbujwfboe!qgptjujwf!
sfuvsot-Ixijifljefbmz!xFlnbz!>xboulup!gFobnj{f!ponz!ofhbujwfisfuvsot/

Cz!vtjoh!dpoejujpobniwbnvFlbulsjt 1) DWbhS*Ibtlui FisjtI!'gfobmuz!dpngpofoulpglui FisFxbselgvodujpo-!
SMInfuipet!Xjui'tvdi!sfxbset!ejsFdunz!pqujnj{flubjisjtI'NnfbtvsFt-!xijdi!jt!dsvdjbnigpslepxotjef!
gspufdujpo/!Vonj IfinfbobwbsjbodFISM-Ix i jd i ldbolgspdFfe!Xjui pvulvtjohlofvshilofut-!SMNnfuipet!
uibulvtFIDWBS!uzqjdbmz!offelup!vtFleffqglofvsbhnofuxpsltibtigvodujpolbggspyjnbujpolupprt/

Sjtl.dpotusbjofe!SMINfui pet!bsf!tjinjibslup!DWBS.cbtfelbqgspbdi ft/'UifzInbyjnj{f fyqfdufe!
sfuvsot!tvckfdulup!sjtl!dpotusbjout-'tvdi!bt!nbyjnvnlesbhxepxo!psWbShjnjut/

EjtusjcvujpobnSM

lotufbe!pgrfbsojoh! fygfdufelwbnvft-lejtusjcvujpobn SMirfbsot!ui Flgvmigspcbcijrjuz!ejtusjcvujpo!pg!
dvnwvibujwFlgvuvsFisFxbset/! I bwjoh!bddfttluplui Flgvmiejtusjcvujpo!pglui FlupubnisFxbse!bmpxt!pof!
up!'dpngvuflbozisitl!in fhtvsT)f/h/-WbS-IDWbS-ItIfxxoftt*gpsiui Fiviujnbuflefdjtjpolnbljoh/!
Tvdi!bnhpsjui nt!bt!rvboujiflsFhsFttjpo!ERO!)RS.ERO*boe!jnarjdjul rvboujiflofuxpsit!)JROt*!
sFgsftfoului Fisfuvsolejtusjcvujpolvtjoh!rvboujrft-'nbljoh!lui Ffn!gbsujdvibsiz!tvjubcrflgpsigjobodijbn!
bqarjdbujpot!gpdvtfe!polubjsjt It/!EjtusjcvujpobnSMidbo!brtp!cfldpotusvdufe!xjuilui Fldpoujovpvt!
ujinflgpsnvibujpo/! Xjuiluijtibggspbdi-lgpndz!pgujnj{bujpo!bnpvoutiup!blovinfsjdbn tpmvujpo!pg!
dfsubjo!gbsujbnlejggFsFoujbn Frvbujpot!) I bngfsjo!3135*/

Use Cases for RL Applications in Finance

1 FsF-IxFlgspwjefib!csjfypvunpp HgpsiwbsjpvtivtFidbt Ftigps!SMljolgjobodjbrtbqgridbujpot/! Xjui pvu!
buufnqujoh!blefubjrfelqsFtfoubujpo-IxFlgpdvt!i fsFlpolui Flighx! Ifz!Ififnfout-!jodivejoh!tgfdjgjdb.
ujpot!pgtubuf-bdujpo-'boelsFxbse-bt!xfmbt!pvurjojoh!jngrfnfoubujpo!dpotjefsbujpo/

PqujnbnUsbef!Fyfdvujpo

Problem Setting

Blgvoebnfoubilgspcrfnlgps!bozlibshfljotujuvujpobrljowftups!jt! i px!lup! fyFdvufibhibshflpsefs!
Xjui!'njojnbnigsjdflejtsvqujpo/! Tuboebse!lcfodi Nnbslt'tvdi!btiujnf.xFjhiufe!bwfsbhflgsjdfps!
wpivn . xfjhiufelbwfsbhflgsjdflgspwje Fitjngnf-tubujditdi Fevrfticvulgbjnlup!bebgulup!dibohjoh!
nbslfuldpoejujpot!evsjohlui fIfyFdvujpo!ipsj{po/'Bo!SMbhFfou-'jo!dpousbtu-ldbo!rfbso!blezobnijd!
gpnjdz!uibulcsFblt!biibshf!PgbsFoup!psefsljoup!b!tFrvFodfipg tnbmfs!Pdijiep!psefst-'bebqujoh!

ui Flgbdf!pglusbejohlup!njojnj{fldptut/!UiFldpsFidibmFohf!jtlup!cbibodflui Flusbe . pgglcfuxFfo!
ui Finbslfujngbduldptu!pglusbejoh!bhhsFttjwfiz!boe!ui flujnjoh!sjtl!pglusbejoh!trpxnz!jo!b!
wpnbujrflinbsfu/
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RL Formulation

Ui flgspcrfn!jtiobuvsbmzigsbnfelbt!blgjojuf. i psji{po!NEQ!Ui fltubuftqbdfluzgjdbmz!jodiveftlui !
sfnbjojoh!rvboujuzlup!cflushefe-lui flujn Firfouljolu i FIFyFdvujpo!xjoepx-ldvssFoulbttfulgsjdf-!
boe!gpufoujbmz!njdsptusvduvsFlgFbuvsFt-tvdilbt!psefsicpplljncbibodf!ps!sfdFoulwpnbujnjuz/!U i !
bdujpo!jtiui FItji{Fpglui Fidijre!psefsluptvenjuljolui FidvssFoulujn Fitjd /Ui FisFxbselgvodujpo!jt!
dsvdjbniboe!nvtu!fodbqgtwvibufiui Flusbef. pgg;uljt!pgufolgpsnwvibufe!btiui FlofhbujwFlpgjngrfnfo.
ubujpo'ti psugbm!ps-!npsfFyagnjdjunz-lu i FIFyFdvujpo!gsjdfibd i jfwFe-lgfobrj{fe!czufsnt!sFgsFtfoujoh!
gsjdfltijggbhflsftviujohlgspn!nbslfuljngbdulboelui FisjtlfygptvsTipglui FlsFnbjojoh!jowfoupsz/

Implementation Considerations

B!tjhojgjdbould i bmFohfljt'e fwfipqgjoh!b!sFbrjtujd!nbslfuljngbdulnpef-Ixijdi!dbo!cFifjui fs!
Ftuinbufe!pgyjoflgspn!ijtupsjdbrlebub!psirfbsofe!ponjofibtigbsulpglui FISMIbhfoult!joufsbdujpo/!
Gvsui fsnpst-blspevtulfyfdvujpolbhfou!nvtulcFberflup!hfofsbn{flbdspttejggFsfou! nbslfu!
wpnbujnjuz!sFhjnftlboe!bttfu.tqfdjgjd!cFibwjpst/\Gpslusbjojoh!boe!whbnjebujpo-Iblijhi .gjefmjuz!nbsfu!
tjnvrbups!uibu!dbo!bddvsbufiz!inpefigsjdflezobnjdt!boe!nbsIfuljngbdu!jtljoejtgFotbcrflcfdbvtf!
usbjojohljo!blnjwF!nbsIfuljtjngsbdujdbnboe!dpturz/!Gjobmz-lui FinFbsofFe!gpndz!Nnvtulpgfsbuf!xjuijo!
ui Fldpotusbjout!pg!sFhvibupsz!sFrvjsFnfout-'tvdi!bt!PcFtulfyfdvujpop!nboebuft/

Ezobnjd!Qpsugpnp!Pqujnj{bujpo

Problem Setting

Dibttjdbn'tjohrf.qfsjpelqpsugprnjp!pqujnj{bujpo-'tvdi!bt!Nbslpxju{it!nTfbobwbsjbodFlgsbnxpsl-|jt!
tubujd'boe!ijhinz!tfotjujwFlup!Ftujnbujpo!fsspst!joljut!joqvutfyqgFdufe!sfuvsot!boeldpwbsjbod Ft*/!
Jut!tubujdlobuvsFlgsfwFout!pqujnbnlgpsugprjp!bmpdbujpolefdjtjpot!jolufsnt!pg njojnj{bujpo!pglusbot.
bdujpo!dptut!ps!pqujnbnvtF pginvijipsj{po!qsfejdujwF! tjhobmt/!Ezobnjd!gpsugpnip!pqujnj{bujpo!
fyufoetlui fltubujd!nTbobwbsjbodFlgsbnxpsllup!b!nviujgfsjpe!tfuujoh-1x i fsflbo!SMbhfoulrfbsot!b!
sfcbibodjoh!gpnjdz!pwfs!binpoh!i psj{po/Uijtibqgspbdi'bjntiup!nbyjnj{fldvnvibujwf!sjtl.bekvtufe!
sfuvsot!xijrfibddpvoujoh!gps!sthn. xpsielgsjdujpot-ltvd i btlusbotbdujpoldptut!boe!nbslfuljngbdu/

RL Formulation

Ui Flitubuftgbdfigpsiblezobnijd!gpsugpnjp!bhfouljodive Ftlui FidvssFoulgpsugpnjp!xfjh iut-Isfdfoulbttfu!
sfuvsot-Inbslfulsfhjnfjoejdbupst!)f/h/-lgspniblijeefo!Nbslpw!npefit-lboe!gsfejdujwflinbdspfdp.
opnjd!gbdupst/!Ui Fibdujpoltgbdfjtiui Fitfu!pglubshfulgpsugpnjp!>xFihiut!lgpsiui Flofyu!gfsjpe/!/CFdbvtf!
xTfjhiut!bsfldpoujovpvtiwbsjiberft-luijtigsperfnljtjmtvjufelgpsiubcvibs!SMIiNfuipet!boe!sFrvjsft!
gvodujpo'bggspyjnbujpo/Ui FlsFxbseljtiuzgjdomz!blsjtl.bekvtufe!sfuvso!nfusjd-ltvdibtlui Figfsjpelt!
Tibsqgf!sbujp!ps!b!vujnjuz!gvodujpo!pgiu i Fligpsugpnplit!sfuvso-lofulpglusbotbdujpolboe! i prejoh!dptut/

Implementation Considerations

Ui fldpoujovpvtiboe!ijhi.ejnfotjpobnobuvsFipgiui fltubuflboe!bdujpoltgbdftinblftiuijtibganjdb.
ujpo!pg!SMid i bmFohjohljo!gsbdujdf/'Bewbodfelufdiojrvftibsflpgufolvtfe!joluijtitfuujoh/lo!gbsujdv.
tbs-!>jui!ijfsbsdijdbnSMIbqqgspbdi ft-lui figspcrfn!dbo!cflefdpnqgptfeljoup!b!ijh i .rfwfiltusbufhijd!
bmpdbujpo!bhfouluibultfut!cspbelubshfut!pwEshpoh!i psj{pot!)f/h/-Irvbsufsiz*boe!bnpx<.rfwfilubd.
ujdbnlbhfouluibu'nblIftigjofs!bekvtun fout!)f/h/-'Nnpouinz*lup!bd i jfwflui ptflubshfut/'Brufsobujwfiz-!
nvj. pckfdujwf!SMIdbo!cfldpotjefsfeluplobwjhbuflui Fldpnarfylusbef. pggt!cfuxffoldpngfujoh!
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hpbrt-ltvdibtinbyjnj{joh!sfuvsot-INjojnj{joh!wprbujnuz-'boe!sfevdjoh!gpsugprjp!uvsopwsiuphjnju!
usbotbdujpo!dptut/Mbtunz-Ib!dpngvubujpobmz!fygjdjFoulboelopjtf.spcvtulbqqspbdilgbsujdvibsiz!

i fiqgvnigpslgjobodijbiigpsugpnp!pgujnj{bujpolubtit!jt!gspwjefe!cz!H.rfbsojoh-Ib!gspcbcjijtujd!Ifyufo.
tjpo!pg'R.1fbsojoh/IUijtinFfui pe!xbt!bggrjfelup!hpbn.chtfe!xfbui!nbobhfnfoulcz!Ejypo!boe!

1 bngfsjo!)3131*/

Pqujpo!Qsjdjoh!boe! I fehjoh

Problem Setting

Ui fldibttjdbnCnbd 1I6Td i prftoNFsupo!npefil)Crbdl!boe! Tdi prft!2 - 84<INfsupo!2 : 85*gspwjeft!b!
dpsofstupofigpslefsjwbujwF!gsjdjoh!cvulstijft!poljefhn{felbttvnqujpot-Itvdi!bt!dpoujovpvtiboe!
dpturftt!ifehjoh-luibu'ep!opul i pre'jolgsbdujdf/! X i Fo!i Fehjohljtlejtdsfufboe!jowpmftiusbotbdujpo!
dptut-lui Flgsperfn!pg!gsjdjoh!boe!i fehjoh!blefsjwbujwflcFdpn ftibltFrvfoujonefdjtjpo.nbljoh!
gspcrfnlvoefsivodfsubjouz/!U i flhpbiljtiup!eftjho!blezobnijd! i Fehjoh!tusbufhz!uibulnjojnj{ft!
blsjtl.bekvtufe!nTbtvsFpglui Flupubn i Fehjoh!dptu/'TFwEsbn'SM.jotqgjsFelgsbnxpslt! ibwflcffo!
efwhpgfelup'beesfttiuijtigsperfn-Nnpwjoh!cfzpoelui fldibttjdbnlsjtl.oFvusbnlgbsbejhn/

RL Formulation and Approaches

Uxp!'nbjo!dibttftipginfuipet!ibwffnfshfe-Ixijdi!dbo!cFlcspbenzivoefstuppe!btiwonvF.cbtfe!
boelqgpnjdz.cbtfelbqgspbdi ftiup!lui flifehjoh!gspcrfn/

Value-Based RL

Ui FIRMCT!Npefnlgspgptfe!cz! 1 bigfsjo!)3131*lejsFdunz!bqqrjftiui Flgsjodjgrft!pgwbnvT.cbtfe!SM/!
Ui Fligsperfnljtigsbnfelbt!bo!NEQ!x i fsFlui Fibhfou!)bo!pqujpo!tfumfs*tFF1tiupnfbso!bo!pqujnbn

i fehjoh!gpnjdz/'Ui fltubuf!jtlefgjofe!czlui Fivoefsizjoh!bttfulgsjdfiboelujn Flup!Fyqjsbujpo/lUi f!
bdujpoljtiui f!i Fehflbekvtunfoul)ui flbnpvou!pglui flvoeTfsizjohlup!ipre*/!Ui flsfxbselgvodujpoljt!
efgjofe!btlui Flofhbujwf!pg!blsjtl.bekvtufe!i fehjoh!dptu/!Gps!lusbdubcjnjuz-luijtidptulubIft!blrvb.
esbujd!gpsn!)Nnfbodwbsjbodflvujrjuz*-ljodivejoh!blgfobuz!gpsiui Flwbsjbod Fipglui £ i FehFlgpsugprnjpit!
whnvF-Ix ijdilejsFdunz!jodpsqpsbuftiui i Fehfsit!sjtI!bwFstjpo/!Ui Fibhfoulrfbsot!bo!pqujnbibdujpo.
wbnvFlgvodujpo!)R.gvodujpo*-lgspn!xijdilcpuilui Fipqujnbnli fehFlgpndz!boelui fldpssFtgpoejoh!
pqujpo!gsjdfui FloFhbujwFpglui FIR.whnvf*lbsflefsjwfeltinviubofpvtiz/

Effgwbnvf.cbtfe!SMigps!pgujpo!i fehjoh!jt!blnpsfifoe.up.foelbggspbdiluibulibt!cffo!fyqgmpsfe/!
Ev-Kjo-'Lprn-ISjuufs!>Xboh-lboe![ iboh!)3131*bqqnjfe!tubuf.pg.ui F.bsulESM!brthpsjui nt-'tvdi!bt!
gspyjnblgpndz!pgujnj{bujpo)QQP*-lup!rfbso! i Fehjoh!tusbufhjftlejsFdunz!gspn!nbsifultjinvib.
ujpot/!B!Ifz!bewboubhflpglui fjslgsbnx<psl!jtijut!becjjuziup! i boerflgsbdujdbnnbslfulgsjdujpot-ltvdi!
btlejtdsfuflusbejoh!ujnft'boe!loponjofbsiushotbdujpo!dptut/!Gvsui FsnpsF-lui fjslbqgspbdi!jtiijhinz!
TggjdjFoulcFdbvtfibltjohnflusbjofe! ESMIbhfouldbo!rfbsolup! i Fehflb!x i prfisbohf!pg!pqujpo!tusjl !
tjinvubofpvtiz-fijnjobujohlui Floffelgps!sfusbjojoh!polb!gfs. tusjificbtjt/!Ui flbvuipstlefnpo.
tusbufeluibului FIESM!IbhTouldbo!rfbso!tusbufhjftiuibu!nbudi!ps!pvuqgfsgpsnlusbejujpobnefiub!

i fehjoh!jolufsnt!pg!gspgjulboehptt/

Direct Policy Optimization

Bo!bmufsobujwFlgsbnxpslljtleffq!i fehjoh-lgjpoffsfelcz!CvTinfs!Hpopo-!Ufjdi nboo-boe! Xppe!
)312:*/'\Uijtlbgqgspbdi!dbo!cF tFfolbtiblgpsn!pg'ejsFdulgprjdz!pqujnj{bujpo/lotufbe!pgtpmwjoh!

102! e DGBlotujuvuf!iSFtfbsdi!Gpvoebujpo



SfjogpsdFnfoulMFbsojoh!boellowfstf!STjogpsdFnfouMfbsojoh

ui FisfdvstjwFICfmnbo!frvbujpo-ljulgshn ftlui FifoujsFl i fehjoh!gsperfnibt!b!tjohrfifoe.up. foe!
pqujnj{bujpo/!Blofvsbnofuxpsl!jtivtfeluplejsfdunz!sFqsFtfoului flifehjoh!qpnjdz-!ubljoh!ui !
dvssfoulnbslfultubufibtljogvulboe!pvugvuujohlui flifehfiqptjujpo/!U i flusbjojoh!gspdFtt!jowpmwft!
ui Flgpmpxjoh;

o Tjnwnbujoh!blibshflovncTsipginbsifultdfobsjpt!)gbuit*gpsiui Fivoefsizjoh!bttfu)t*
o/ Gps!'fhdi!gbui-bqgrzjohlui fli fehjoh!tusbufhzlefgjofe!cz!uifldvssFoulofvshnofuxpsl
o' Dbndvrbujoh!uiFlgjobn'Q " Mlejtusjcvujpo!pgiui Fligvmz! i FehFfe!qpsugpnjp!bdsptt!bmigbuit

o Vtjoh!chdlgspgbhbujpolup!vgebufiui flofvsbilofuxpslit!xFjhiutlup!njojnj{fb!diptfo!
sitlinfbtvsfipgluijtigjobnQ " Mlejtusjcvujpo!)f/h/-IDWhS-!Nnfhobwbsjbod Flvujnjuz-!ps!FyqFdufe!
ti psugbm*

Implementation Considerations

Bm!SMIbgqgspbdi ftlejsFdurz!beesfttiui Fijnjubujpot!pglui Fidibttjdbnnpefnicz!fncfeejoh!sfhn.
Xpsrelgsjdujpot-ltvdi'btlejtdsfuf!i fehjoh!boelusbotbdujpo!dptut/! I pxfwFs!ui fz!lejogfs!jolui fjs!
gijiptpgiz!boeljngrfnfoubujpo/!Ui FIRMCT!bggspbdi!brjhot!diptfiz!xjuilusbejujpobn SMiui Fpsz!
JNEQt-!Cfmnbo!frvbujpot-'R.gvodujpot*boe!dbo!cfldpnqgvubujpobmz!fygjdjFoulx i fo!jut!rvb.
eshujd!sfxbse!bttvnqujpo!rfbet!lup!tfnj.bobnzujdbntprvujpot-'bt!ifygnpsfeljolgjuufe!R.jufsbujpo!
)Fsotu-IHfvsut-lboe! XFifolfi3116*/'Brtp-IcfdbvtfIR.rfbsojohljtibinpefi.joefgfoefounfuipe-!
uil FIRMCT!bggspbdi!bnpvout!up!b!npefi.joefgfoefoulboe!ebub.esjwfo!pqujpo! i Fehjoh!boe!gsjd.
johinfuipe/lEffq!ifehjoh-Ixijfldpodfquvbmz!sfibufe-ljtljngrfnfoufe!bt!b'hnpcbipqujnj{bujpo!
uibuljtiwFszlgrfyjenfddibohjohlui fisjtl!pckfdujwFitjingrz!n fbot!d i bohjohlui Fligjobnnptt!gvodujpo/lu!
jtljoi fsfouz!b!npefi.cbtfelbqqgspbdi!cfdbvtfjunfbsotiui Flpqujnbngprjdz!gps!b!hjwfo!tjnwibujpo!
npefipgui FinbsIful)f/h/-1 1 Ftupo-TBCS*!UiTiqpxTs!pglofvsbilofuxpsltibrtp!bmpxt!julup! iboenf!
wfsz!dpnqrfy'boelopo.Nbslpwjbo!tubuflsFgsfFtfoubujpot/

Foe.up.Foe!EfTq!SMigps!Bttfu!Bmpdbujpo

Problem Setting

Usbejujpobrn!rvboujubujwf!bttfulbmpdbujpo!jowpmftibluxp. tufq!gspdftt;!Gjstu-lgsFejdul FygFdufe!
sfuvsot!boe!dpwbsjbodft-lboe!tfdpoe-Ivtflui Ftflgstejdujpot!jolbo!pqujnj{bujpolgsbnxpsl!)f/h/-!
NnTbobwbsjbodf*/\Uijtigspdfttljtigsbhjrflcfdbvtfigfsgpsnbodfljtiijhinz!tFotjujwFlup!Fsspstljolui f!
jojujbnigsfejdujpo'tufg/!B!npsfispcvtulbqqgspbdi!xpvrelcflupifbsolui finbggjoh!gspn!nbslfulebub!
up!gpsugprjp!xfihiutljo!bo!foe.up.foelgbtijpo/

RL Formulation and Approaches

Ophvfs!j!Bipotp!boe!Tsjwbtubwb!)3131*Igspgptfe!b!npefi.gsFf-Ifoe.up.Foeleffq!sFjogpsdFnfoul
rFbsojoh!bqqgspbdiluibulczgbttftlui FifyqgndjulgpsFdbtujoh!tufg/!U i FISMIbhFoulrfbsot!blejsfdu!
nbggjohlgspnlsbx!nbslfulebublup!pqujnbnlgpsugpnjp!>x<fjhiut/

o TubuF;!UifltubuFljtisFgsFtfoufelbt!blufotps!pg'sfdfoulgsjdflijtupsz!)f/h/-161lebzt!pglijhi-pXx-!
boe!diptFigsjdftigps!blvojwfstfpg!tupdIt*/

o/ Bhfou;!UiflibhfouljtblefFglofvsbhnofuxpsl!)uiflbvui pstluftufelwbsjpvtibsdijufduvsft-'tvdilbt!
DOOt-ISOOt-hoe!MTUNt*uibulnfbsot!ui Flbmpdbujpo!qpnjdz/
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o/ Bdujpo;!Uiflbdujpoljtibo!pvugvulwidups!pglgpsugprjp!xTfjhiutigpsiui Flofyulgfsjpe/

o Sfxbse;!Ui fisFxbse!jtibltjngrflboe!ejsfdulgjobodjbn pckfdujwf-tvd i btiui Fiqpsugpnjplit!bwFs.
bhfinphbsjui Njd!sfuvso-bekvtufe!gpsiusbotbdujpo!dptut/!Up!fodpvsbhfituberflgpsugpnjpt-lui !
bsd i jufduvsFljodpsqpsbuft!b!PgpsugpnjpwfdupsinfnpszpxijdildpotjefstigbtulxFjhiut!xifo!
efufsnjojoh!ofx!poftiboe!jngnjdjunz!gfobr{ft!ijhiluvsopwfy

Implementation Considerations

Uijt!foe.up.foelgsbhntxpslinfbsotlup!gstejdulboe!pqujnj{fitinviubofpvtiz!OphvTsljBipotp!boe!
Tsjwbtubwb!)3131*'ti pxfe!juldbo!dpotusvdulgpsugprjptiuibu!pvugfsgpsnlusbejujpobrinfuipet-tvdi!
bt!nfbobwbsjbodf!pqujnj{bujpo!boelsjtl!gbsjuz-fwfo!> i fo!ponz!hjwfo!sbx!qgsjdftFsjFt!btjoqvu/!
Ui fivtFipglblgpsugpnjp!nfnpszljtib! Ifz!bsd i jufduvsbnld i pjdflup!dpousprigpsiuvsopwfs!xijdi!jtib!
dsjujdbnlgsbdujdbnidpotjefsbujpo/

Bnhpsjui njd!Usbejoh

Problem Setting

Brhpsjui njdlusbejoh!tFFItlup!bvupnbuflusbejoh!efdjtjpotiup!dbgjubn{f!po!Nnbslfulpqgpsuvojujft!
npsf!fggjdjfounzluibo!ivnbolusbefst!dbo/IUi fldpsf!d i bmFohfljtluplefwinpg!b!tusbufhz!uibuldbo!
bebqulup!dibohjoh!nbslfuldpoejujpot!boelezobnjdbmz!cbnbodflui Flusbef. pgylcFuxFfo!fyqgfdufe!
sfuvsot!boelwbsjpvtigpsnt!pglsjtl/

RL Formulation and Approaches
Ui fligsperfnljtiobuvsbmz!gsbhnfe!bt!bo!NEQ!Xx i fsflbo!bhfoulifbsot!bo!pqujnbniusbejohlqpnjdz/

o Tubufltgbdf;!Uijt!jodmveft!tvdilgFbuvsFtibt!ijtupsjdbngsjdflebub-lufdiojdbijoejdbupst!)f/h/-!
Nnpwjoh!bwFsbhft*-!Inbslfulwpnbujnjuz-'boelui FlbhFoult!dvssFou!gpsugpnp!tubuf)dbtilboe!bttfu!
iprejoht*/

o/ Bdujpoltgbdf;!Uijt!idpotjtut!pg'tvdi!bdujpot!bticvzjoh-Itfimjoh-boe!iprejoh!bttfut/!Uifbdujpo!
dbo!cflejtdsfuf)f/h/-lcvz!pofivoju* psidpoujovpvt!)f/h/-Ibmpdbuf!26 &!pg!dbajubn*/

o/ Sftxbselgvodujpo;!UiflsFxbselgvodujpoljtiuzgjdbmz!efgjofelup!sforfdulblsjtl.bekvtufelsfuvso!
NnTbtvst/Bltingrflgspgju.boe.mpttisFxbse!dbo!cFlbvhnfoufe!xjuilsjtlinfbtvsft-ltvdi!
bt!b!gfobuz!gps!ijhi!gpsugpnpwbsjbodf-hbshflesbxepxot-IpsiblejsFdulpqujnj{bujpo!pgiui !
Tibsqflisbujp/

B!dpngsfi fotjwfisfwjfx!cz!Qsjdpgf!)3132*ldpotjefsfelui fibgagnjdbujpo!pgleFFq!SMiupluijt!
gspcrfn-lopujohluibulnboz!tuvejft!ti px!tubujtujdbmz!tjhojgjdboulpvugfsgpsnbodfpwsitjingnfs!
cbtfijoft!jo!ltjnvibufe!fowjsponfout/

Implementation Considerations

B!Ifz!dibmFohf!ijhinhiufeljolui fhjufsbuvsFljtiui Flhbg!cfuxffo!tjinwvibufe!gfsgpsnbodfiboe!
stn. xpsre!bqgndbcijrjuz/!Nboz!tuvejft!bsflgsppgt!pg!dpodfquldpoevdufeljo!fowjsponfout!uibu!
eplopulgvmz!dbquvsFistbr.ujnfinbsifulgsjdujpot-nbufodz-Iboelebubljngfsgfdujpot/! TvddFttgwvi!
jngrfnfoubujpolsfrvjsft!idbsfygvnldpotjefsbujpo!pglusbotbdujpo!dptut-lnbslfuljngbdu-boe!spcvtu!
pvu.pg.tbnagrflwbijebujpo/
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Nbslfu!Nbljoh

Problem Setting

Nbslfulnbljoh!jtiblijhi.gsfrvfodz!tusbufhz!jolxijdi!blusbefslgspwjefthjrvjejuzicz!tjinviubof.
pvtiz!gibdjoh!cjelboe!lbtIhjnjulpsefst-lbjnjohlup!gspgjulgspnlui Fitgsfbe/!Ui Finbjold ibmfohfljt!
up!tfulpqujnbnlrvpuftiuibulcbibodfinbyjnj{joh!tgsfbe!dbquvsfibhbjotulnbobhjohluxp!lIfz!sjtit;!
jowFoupsz!sjtl!) i prejohlblibshf-lvoejwEstjgjfe!gptjujpo*!boe!lbewfstfitfifdujpo!sjt1!)usbejoh!bhbjotu!
boljogpsnfeldpvoufsgbsuz!xip!lopxt!xi fsflui Flgsjdfljt! i fhefe*/

RL Formulation and Approaches

Ui finbslfulnbljoh!gsperfn!jtixfmitvjufelup!bo!NEQ!gpsnvibujpo!x i fsFlui Flbhfoulrfbsot!bo!
pqujnbnrvpujoh!tusbufhz/

o/ Tubufltgbdf;!UijtIFodpngbttftiui FlbhFfoult!dvssFouljowFoupsz-lgFbuvsFtipgiui Fijnjulpsefs!
cppl)f/h/-Icjedbtl'tgsfbe-wpnvnfljncbibodf*-boe!nbslfuljoejdbupst-tvdi btiwprbujrjuz/

o/ Bdujpoltgbdf;!Uijtljodiveft!tfujohluificjelboe!btl!rvpuftisfibujwFlup!lui Finbslfulnjegpjou!
boelefdjejohlui Fitj{f!pglui Flpsefstiup!cFfiqrbdfe/

o Sfxbselgvodujpo;!Dbsfgvmz!eftjhofe-luijtigvodujpo!stxbset!dbquvsfeltgsfhet!xijifigfobn{.
johljowFoupsz!sjtl!boehpttftigspn!bewfstfitfifdujpo/

Tqppofs!GFbsonfz-Thwboj-lboe!lL pvipsjojt!)3129*IgsfFtfoufe!blgpvoebujpobnfybnagrfljo!xijdi!b!
effq!SMibhfoulnfbsotlup!gfsgpsn!nbslfulnbljoh/!Ui fjsibhfoulnfbsot!b!wbnvflgvodujpolup!pqujnj{f!
rvpuft-lefnpotusbujohluibulbo!SMIbqgspbdi!dbo!pvugfsgpsn!usbejujpobntupdibtujd!dpouspr.cbtfe!
tusbufhjftljo!tjnvibufe!fowjsponfout/

Implementation Considerations

Ui Flgsjnbsz!dibmfohfljolbggnzjoh!SMiupijwF!nbslfulnbljoh!jtibufodz/! 1 jhi .gsFrvfodz!fowjspo.
nftout!sfrvjsflefdjtjpot!po!njdsptfdpoelujnftdbnft-Ixijdildbolcflejggjdviulgpsidpnagnrfylofvshbnl
ofuxpsl!npefitiup!Nffu/IGvsui FsnpsT-ldsfbujoh!blijhi .gjefmjuz!nbsIfultjnvibups!ui bu'bddvsbufiz!
dbquvsTt!psefsigipx!ezobnjdt'boe!bewfstfitfirfdujpoljtib!tjhojgjdboulvoefsubljoh!zfu!jt!dsvdjbngps!
usbjojoh!b!spcvtulbhfou/

Inverse Reinforcement Learning: Inferring
Hidden Objectives

STjogpsdFnfoulnfFbsojohirfFbsot!pqujnbnigpnjdjft!hjwfo!lopxo!pckfdujwft-Ibt!dpejgjife!cz!sFxbset/!
Ui FlsFxbse!jo!SMjt!pctfswbenf-bt!b!sFtviulpg!ponjofljoufsbdujpo!pg'bolbhfoulxjuiljut!Fowjsponfoul
ps'gps!pggrjoFISM-1btib!gbsulpg! i jtupsjdbriebub/Vo!Nboz!sfbi. xpsie!gspcrfnt-! i pxfwfs! < flipctfswf!
ponz!bhfouti!bdujpotOopului fijslsFxbse/!Bshvbcnz-ljo!sFbnlnjgF-1tvd i 'tdFobsjptibsFifodpvoufsfe!
npsflpgufo!stibujwFlup!tdfobsjpt!x i FsFisFxbset!bsFlpctfswfe/!U i flviujnbuf!pckfdujwf!pgirfbso.
johljolurjtitfuujoh!jt!tujmiui FritbnFibt!jolui FISM!ItdFobsjpOuibuljt-luprfbsolui Flpqujnbnigpnjdz!
cz!pctfswjohlui fibhfoult!cfibwjpylo!dpousbtulup!lui Fltuboebse!SMItdfobsjp- i pxfwfs!xflopx!
pctfswflponziui fltubuft!pglui Fifowjsponfoulboe!bdujpotiublfo!czui fibhfoulboeleplopu!pctfsw!
stxbset!sfdfjwfelcz!ui fibhfou/
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Drfbsnz-1xjui pvulbeejujpobnbttvnqujpot-ltvdilgsperfntleplopul i bwFlb!tpivujpo/!Gps!fybnarf-ljg!
bo!bhfoult!bdujpot!bsFiqvsfiz!isboepn-lopu!nvdil)jgbozuijoh*!dbo!cfirfbsofelgspn!tvdi!pctfs.
wbujpot/lgixFibttvnFluibului FlbhFoult!'bdujpot!xFsFltvggptfelup!bdijfwFltpnflpckFdujwft-!

i pxfwfslui fo!lxFldbolbeesfttiui fljowFstFlgspcrfn;!HjwFolpctfswelcTibwjps!>ibu!pckfdujwft!
fyqgibjoluibu!cFibwjps@

Jglui FlpckFdujwrljtlup! nbyjnj{flui Flupubnfygfdufe!sfxbse-luijtljowFstfigsperfnlgpsnvibujpo!hjwft!
sitFlup!jowFstfisFjogpsdFnFoulrfbsojoh)iSM¥/USMIvtFtiui FipctfswielcFibwjps!pgbolbhfoulboe!
jogFstiui FisFxbselgvodujpoluibuljt!bttvnfelup!cFlpqujnj{fe!cz!ui fibhfou/'Opufiuibuljo!nptuliSM!
bganjdbujpot-tvdiljogfsFodfipglui FisFxbselgvodujpoljtiopului Fifoe!hpbn/!Ui Fifoe!hpbnjtisbui fslui !
tbnfibtljo!dpowFoujpobn)ejsFdu*!SM-Ix i jd i ljtluplgjoelui Flpgujnbnlgpnjdz!uibulnbyjnj{ftiui Flupubn
fygfdufe!stxbse/!Vonj I Flui Flubtl!pg!SM-11 pxfwFs!x i FsFlsFxbset!bsflb!gbsu!pglui Fljogvut-'jolJSM!
xFlgjstu! ibwFlupljogFsiui Fnlgspn!ui FlcFibwjps!boelui FolxFivtFlui Fnlup!gjoelui Flpqujnbrlqpnjdz/

The Challenge of IRL: An Ill-Posed Problem

Bt!xjui!nboz!jowfstflgspcrfnt-USMjtiboljm.gptfelgspcrfn;!Gpsiboz!hjwfo!tfulpg!pctfswfe!
cfibwjpst-boljogjojuflovncTs!pglsFxbselgvodujpot!dpvie! fyqgibjolui bu!cFibwjpy!Gps!jotubodf-!
blgpnjdz!pglepjohlopuijoh!jtipqujnbnlgps!blstxbse!pgl{Fsp!cvulbntplgpsiboz!sFxbselgvodujpoluibul
efqgfoet!ponz!polui fltubuf-lopului Fibdujpo/lUijtjtiui FljttvFlpglsFxbse!tibgjoh!jowbsjbodf;!bo!
pqujnbnigprjdz!jt'vodibohfeljglxFlushotgpsn!ui FisFxbse!gvodujpo!cz!beejoh!b!gpufoujbn.chtfe!
ufsn!)Oh-! 1 bsbeb-lboe!Svttfm!2: - - */

Jolpsefslup!ibwfibltpmvujpo-Ipofloffetiup!nblfbeejujpobnbttvnqujpot!bcpvului Flbhfouljo!psefs!
up'tfrfdului FIPcFtup!psinptulgrbvtjenflisfxbselgvodujpolgspnlui Finboz!gpttjcjnujft/!Pof!tvdi!
bttvnqujpo!dbo!cfluibului fibhfoult!cFibwjps!jt!pquinbnpsidiptflup!pquinbi/!Buipvhiltvdi!
bttvnqujpot!nbz!cfisfbtpobcerfljo!'tpnflbqarjdbujpot!)f/h/-Ispcpujdt*-juljt! i bsenz!bqqgspgsjbufljo!
giobodf-Ix i fsFlpqujnbnjuz!epftiopufwfo!fyjtuljolbctpivuFlufsnt!boe!dbo!cFlefgofe!ponz!stibujwf!
up'tpnficfodinbsl/

IRL vs. Imitation Learning

Ui flpui fslrvftujpoluibuldbolcFibtifeljo!sfibujpoluplui FlefdibsFe!pckFdujwf!pgisMmijt-IXiz!ep!
xFloffeluplgjstuljogfsiui FisFxbse-bthpoh!bt!xfibttvnfluibului flpctfswfelctibwjpsljtibisfbez!
pqujnbr@'Dbo!xFltjingiz!cvjrelb!tvgfswjtFerfbsojohbuzgflnpefluibulxpwvieltingnzinjnjdiui f!
pctfswfelcfibwjps!pgibo!bhfouljolejggFsFoultubuft!pglui Fixpsie-Ixjui pvu!fwFo!btljoh!b!rvftujpo!
bepvului FibhFoult!sFxbse!gvodujpo@iuluvsot!pvuluibultvd i ltusbufhjftibsFljoefFFelgfbtjcrfljo!dfsubjo!
djsdvntubodft-boelui fltvcgifie!pginbdijofinfbsojohluibultuvejftiui FtFnfuipet!jt!lopxo!bt!
jNjubujponfbsojoh))IM*/'Bnui pvhilIM!boelJSM! i bwFlui FitibsFelgjobnthpbn'pglgjoejoh!pqujnbiigpnjdz!
gspnlui Flpctfswie!cFibwjpsiui fzlejggfsljolui Fljoufsnfejbuf tufgt/lISMljogFstiui FisFxbse!gvodujpo!
btlui fljoufsnTejbufitufg-IxijrfiMigspdFfet!xjui pvulju/No'hfofsbr-NSMINnfui pet!pgufo!xpsl!cfuufs!
uibolMINnfuipet-lboelui fz!pgfs'npstigfyjenfliboe!qpsubcrf!tpivujpot!cfdbvtFiblsFxbselgvodujpo!
pggfstib!tvddjoduleftdsjqujpo!pg'bhfoutithpbrt!uibuljtigpsubcrflibdspttiejogfsfou! Fowjsponfout!
)Ejypolfulbn/!3131*/1Ui FsFypsT-IxFixjm nptuzigpdvt!poliSMinfui petlgps!gjobodjbnbggnjdbujpot/

Key IRL Approaches

Up!efbnixjuiljut!jm.gptfelobuvsF-USMINnfuipetjngptfibeejujpobngsjodjgrftiuplgjoe!b!vojrvT!
sfxbselgvodujpo/
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Nbyjnvn!Fouspqz!ISM

Ui finbyjnvn!fouspgz!)NbyFou*lISM!gsjodjgrfljt!blqpgvibsibggspbd i lup!sFhvnbsj{flui figspcrfn!
) [ifcbsu-'Nbbt-ICbhofm-lboe!Efz!3119%/

o' Qsjodjgrf;!Bnpoh!bmisFxbselgvodujpot!uibu!Fygrbjolui Fifyqfsult!cFibwjps!dipptflui fipofluibu!
nblftui Fifygfsult'gpndz!btisboepn!bt!gpttjcrf)j/f/-!nbyjnj{ft!jut'Fouspgz*/'Ui Fljouvjujpo!jt!
up'nbudilui fipctfswfelcFibwjpsixijrflcfjoh!nbyjnbmz!opo.dpnnjuubnbcpvulcfibwjps!uibul
ibtolu!'cffolpctfswfe/

o/ Qspchcijnjtujd!gpnjdz;!Uijt!gsjodjgrflobuvsbmzirfbet!up!b!tupdibtujd!qpndz!jo!xijdilui Figspc.
bejnjuz!pglubljoh!bo!bdujpo!jt! fygpofoujbmz!gspgpsujpobnup!jutiwonv /Ui jt!jt!pgufo!dbmfe!b!
Cpnu{nboo!ps!tpgunby!gpnjdz/

o JNngrfnfoubujpo;!UijtibggspbdiluvsotliSMjoup!b!nbyjnvnhjlfijippe!gspcifn!polui f!
pctfswfe!fyqgfsulusbkFdupsjFt/!Uiflnbjo!dpngvubujpobrld i bmFohfljt!pgufo!dbrdvibujohlui Flops.
nbj{bujpo!dpotuboul)gbsujujpo!gvodujpo*gpsiuijt!igpndz!ejtusjcvujpo-'xijdi!sFrvijsftitvnnjoh!
ps'joufhsbujoh!pwfs!bmiqpttjcrflbdujpot!bulfbdiltufqg/

Cbzftjbo!boe!Hbvttjbo!QspdfFtt!ISM

Bopui fs!xbz!lup!iboenflui Fljm.gptfelobuvsFipgiSMljtiuispvhi!b!CbzFtjbonfot/Notufbe!pg'tFFljoh!
bltjohrflcftu.gjulsFxbselgvodujpo-ICbhzftjboliSMIbjntlup!gjoe!b!gptufsjps!ejtusjcvujpo!pwsibm!gibvt;.
crflsfxbselgvodujpot-hjwfolui Flpctfswfe!fyqfsulebub/

Hbvttjbo!gspdfttiSM)HQISM*jt!bltgfdjgjd!boe!qpxFsgviiopogbsbn fusjd!jngrfnfoubujpo!pgluijt!
jefb)MFwjoF-IQpapwjC-lboe!Lpuvo!3122%/

o' Qsjodjgrf;!B!Hbvttjbo!gspdftt)HQ*jt!grbdfe!bt!blgsjps!pwfsiui Flvolopxo!sfxbse!gvodujpo/!
B!HQ!dbo!cflui pvhiu!pg!bt!b!Pejtusjcvujpo!pwsligvodujpothliulgspwjeFt!blgnfyjcrfixbzlup!sFgsT.
tfoului Flctnjfgluibului FlsFxbselgvodujpo!jtinj I fzlup!cFltnppui-Ixjui pvu! i bwjohlup!tgfdjgz!jut!
Tfybdulgvodujpobnigpsn!)f/h/-njofbs!ps!rvbesbujd*/

o/ Mfbsojoh!gspdftt;! Tubsujoh!xjui!luijt!HQ!gsjps!ui Flbrhpsjui Nn!pctfswitlui Fifyqfsult!'tubuf.!
bdujpo!usbkfdupsjft/lului FolvtFt!Cbhzftjbo!jogfsFodflup!vgebuflui flgsjps!sFtviujohljolblqptuf.
sjpstejtusjcvujpo!pwsistxbselgvodujpotiuibulbsfldpotjtufoulxjuilui fipctfswfe!cFfibwjpy

o/ Cfofyjut;!UiFinbjolbewboubhfljtignfyjcjnjuz/HQISM!dbo!dbquvsFldpnqrfy-loponjofbsistxbse!
gvodujpot!xjui pvulnbovbnlgfbuvsfifohjoffsjoh/!Uijt!bcjrjuz!nblft!julgbsujdvibsiz!tvjubcrf!
gpslgjobodjbntbgaridbujpotigpsixijdilui Fistibujpotijg!cfuxffo!nbslfultubuft!boe!blushefsit!
jnagndjulsfxbset!dbolcFlijhinzlovbodfe/lUijtinfuipe!xbt!lopubcizivtfeljolui Flgjobodjbn!
bqgnjdbujpotlejtdvttfelibufy

Bewfstbsjbninjubujpo!Mfbsojoh

Blejggfstoulboelgpxfsgvildibtt!pg!nfui pet!gsbnft!jnjubujpoinfbsojoh!bt!bluxp.qibzfsthbnf/

o HfofsbujwFlbewfstbsjbnjnjubujponfbsojoh!)HBIM*;! I p!boe!Fsnpo!)3127*gspqptfe!HBIM-!
xijdilepftlopu!fyqgrjdjunz!sFdpwFs!blsFxbselgvodujpo/lulusbjot!b!hfofsbups)ui FibhFoult!qpnjdz*!
up!gspevdf!tubuf.bdujpolusbkfFdupsjFtiuibulbsfljoejtujohvjtibenflgspn!bo!fyqfsult!usbkfdupsjft-!
btlkvehfelcz!blejtdsjnjobups/!Uiflejtdsjnjobupsijtiusbjofe!tinviubofpvtiziup!ufmiui flejyfs.
Todflcfuxffolui Flbhfoult'boe!ui Fifyqgfsult'ctibwjpsyHBIM!jt!gvsF!jnjubujporfbsojoh/
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o/ BewfstbsjbnjowfstfisFjogpsdfnfoulnfbsojoh!)BISM*;!Gjoo-ID isjtujbop-'Bccffi-lboeMfwjof!
)3127*fyufoefeluijtigsbnfxpslicz!tusvduvsjoh!lui flejtdsjnjobups!jo!b!tqfdjgjd!xbz/lo!BISM-!
ui flejtdsjnjobupsit!pvugvuldbo!cflefdpngptfelup!sfdpwfslopu!ponz!b!gpnjdz!cvulbrtp!blsFxbse!
gvodujpo/!Uijtibqgspbdi!fifhbounz!dpoofdut!bewfstbsjbnlirfbsojoh!cbdluplui Flpsjhjobnthpb!
pglISm/

U.SFY;Mfbsojoh!gspn!Sbolfe!lEfnpotusbujpot

TuboebsellSMIpgufolbttvnft!fygfsuleFnpotusbujpot!bsf)ofbsiz*!pqujnbn!Uijt!dbo!cfibltuspoh!
boe!pgufo!jodpssFdulbttvinqujpo/!Usbkfdupsz.sbo I felsFxbse!Fyusbqprbujpo!)U.SFY*pggfstiblgpxTs.
gvn'bufsobujwF!cz!rfFbsojohlgspnlefnpotusbujpot!pgwbszjoh! rvbnuz!)Cspxo-!Hpp-!Obhbsbkbo-'boe!
Ojflvn!312:*/

o' Qsjodjgrf;Notufbe!pgbtfulpg'pgujnbnefnpotusbujpot-IU.SFY!IvtFtibtfulpglusbkfdupsjftiuibu!
ibwFlcffolsbolfelcz!qsFyfsfodf!)f/h/-1PusbkFdupsz!B!jticFuufsiuibo!Cp*/NulepFtlopulsFrvjsf!
lopxjohlui fibctpivuf!rvbnjuz-Iponziui Fistibujwflsboljoh/

o/ MfFbsojohljoufou;!Ui Flpckfdujw!jtiuphfbso!blsFxbselgvodujpoltvdiluibului flupubnisfxbse!
bttjhofelup!fbdilusbkFdupsz!jtidpotjtufoulxjuilui FlhjwFo!sboljoh/!Cz!ifbsojoh!xibu!
nblft!ipoflusbkfdupsz!cfuufsluibo!bopui fs!U.SFY!dboljogfsiui Flvoefsizjoh!joufou!pglui F!
efnpotusbupy

o Tvsgbttjohluiflufbdifs;!CFdbvtfjulrfbsot!bolvoefsizjohlsFxbselgvodujpo!sbui fsluibo!tjngnz!
Nnjnjdljoh!bdujpot-lui firfbsofelsFxbse!dbo!cFivtfe!Xjui!b!tuboebse!SMibrhpsjui Nn'up!gjoe!b!
gpndz!uibuljt!fwfo!cfuufsluibolui FlicFtuleFnpotusbujpo!gspwjefe/lUijt!jt!b!dsvdjbn tufqglupxbse!
cvjrejoh!bhfout!luibuldbolrfbsolgspn!boeljngspwf!po!ivnbo!cFibwjpy

Inverse Reinforcement Learning in Action:
Financial Use Cases

ISMipgfot!vglofx!bwfovTtigpsibobnz{joh!gjobodjbnicFibwjpsiboe!nbslfut/Joluijt!itfdujpo-!
xFlgsFtfoulb!tipsulboelopofyibvtujwF!pwFswjfx!pgbggndbujpot!pgliSMljolui Flgjobodjbrlepnbjo/

Bnhpsjui njd!Usbejoh!Tusbufhz!Jefoujgjdbujpo

o Qspcrfn;!ljhi.gsFrvfodziusbejoh!) 1GU*gisntivtfiblejwFstFitfulpg tusbufhjft/!SThvibupst!
boe!nbslfulpgfsbupst!bsfljoufsFtufeljo!jefoujgzjoh!boe!dnvtufsjohlui Ftfltusbufhjftigspn!
pctfswberf!psefsiebublup!npojupsinbsiful i fbhuiboe!efufdu!nbojgvibujwf!ctibwjpy!Tuboebse!
divtufsjoh!cbtfe!po!tubujtujdbrlgfbuvsTt!pglusbejoh!bdujwjuz!)f/h/-psefs.up.usbeFisbujp*!dbo!cF!
dsveflboe!nbz!opuldbquvsflui flvoefsizjoh!pckfdujwft/

o/ JSMIbggspbdi;!Zboh-IRjbp-ICtijoh-ITdifsfs!boe!Ljsjrfolp!)3126*gjpoffsfelbolbqgspbdilvtjoh!
CbzftjbolISM)tgfdjgjdbmz-'Hbvttjbo!qgspdFttiSM*/IU i fjslbgqspbdilusfbut! I GU!tusbufhjftibt!
PFygfsuth!boelvtftiui fjsipctfswie!psefs!gibdfnfout!)bdujpot*jolui Fijnjulpsefsicppl!) tubuf*!
up'jogfslui FisFxbselgvodujpo! fhd i ltusbufhzljt!pqujnj{joh/!Cz!dnvtufsjoh!tusbufhjfticbtfe!po!
ui Figbsbnfufst!pglui fishfbsofelsxbselgvodujpot-lui fzIbdijfwFe!npsfinfbojohgviboeljoufs.
gsfubcrflhspvqgjoht!pg'cFibwjpsiuibo!cz!vtjoh!tjngrfitubujtujdbnigFbuvsFt/IUi FisFxbselgvod.
ujpoldbquvsTtiui Fibhfoult!jnarjdjulusbef. pggt!cfuxffo-lgps!jotubodF-bhhsFttjwf!fyfdvujpo'boe!
jowFoupsz!sjtl/
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TToujnTou.Cbtfe!Usbejoh!Tusbufhjft

o' Qspcrfn;!Cvjelblusbejohltztufnluibultztufnbujdbmz! fygnpjutiui Fistibujpotijg!cfuxffo!
jowFtups!tfoujnfoulboe!nbslfulezobnjdt/

o' JSMlbggspbdi;!Zboh-1Zv-boe!Binbiej!)3129*gsbnfelui Figspcrfn!vtjoh!HQISM/U i fjs!
bqgspbdilusfbut!bhhsfhbuflofxt!tFoujnfoulbt!ui fIPbdujpop!pg!b!tjohnf-!dpmFdujwfinbs I ful
bhfou/'Uifinbslfu'tubufljtlefgjofe!cz!sfdfoulgsjdflezobnjdt-boe!HQISMIjtivtFelupljogfsiui F!
stxbselgvodujpoluibuluijtidpmfdujwF!bhfouljtinbyjnj{joh/!IUijthfbsofe!sFxbselgvodujpo-Ixijdi!
jnarjdjuz!dbquvsTt! i px!ui FIPnbsIfuplwbnvTtiubljoh!lcvmjti!ps!icTbsjti!bdujpot!hjwfoldfsubjo!
dpoejujpot-ldbolui folcFlvtFe!cz!blejsfdulSMIbhFoulup!nblfjut!pxolusbejohlefdjtjpot/

JogFssjoh!Dvtupnfs!Qsfyfsfodft!jo!DpotvnTs!Gjobodf

o' Qspcrfn;!Cvtjofttft!pggfsjohltvetdsjqujpo!ps!sFdvssjohlvujnjuz!tFswjdFt!)f/h/-'npcjrflebub!
grbot-ldipveldpngvujoh-Ifofshz*loffeluplvoefstuboeldvtupnfsicTibwjpsiupleftjho!cfuufs!
gspevdut!boe!gsjdjoh!gribot/'Dvtupnfslefdjtjpot-'tvdi!btlebjizidpotvnqujpo-!bsfitfrvfoujbn
boelefgfoe!polui fldvssFoultubuf!)f/h/-IsFnbjojoh!rvpub-lebzt!irfyuljo!ui Ficjmjoh!dzdrf*/

o/ JSMIbggspbdi;!UijtigspcrfnldbolcFlgsbhnfelbt!jogfssjoh!b!dvtupnfsithbufoulvujrjuz!)sfxbse*!
gvodujpolgspnlui fjs!pctfswfe!dpotvnqujpo!gbuufsot/!B!NbyFoulJSM!bnhpsjui nigpsluijt!gspc.
Fn!xbt!gspgptfe!cz!Ejypo!fulbn)3131*/ulvtFtiblgbsbin fusjdisFxbse!gvodujpoluibuldbquvsft!
ui Flusbef.pggt'b!dvtupnfsinblft-ljodvejohlui Fivujjuz!pgldpotvinqujpo-b!qfobuz!gps! fydFfe.
joh!b!rvpub!)boe!gbzjoh!bo!pwfsbhflgsjdf*-lboe!b!gpufoujbnisFxbse!gpsigpshpjoh!dpotvinqujpo/!
Cz!pctfswjoh!bldvtupnfsit!dpotvinqujpo! ijtupsz-lui FINbyFoulJSMIbrthpsjui nlgjoet!ui Fivujnjuz!
gbsbnfufstiuibu'Nblflui fipctfswfe!cFibwjps!nptulgspcherf/!

Podfluijtidvtupnfs.tgfdjgjdivujnuz!gvodujpoljtiifbsofe-lui Flgjsn!dbo!gFsgpsn!qpxfsgviidpvoufs.
gbduvbn'tjnvibujpot/!Gps!fybnagrf-ljuldbo!gsFejdu! i px!uibuldvtupnFsit!dpotvnqujpo!>xpwvre!dibohf!
jglui Finpouinz!gsjdfixFsFipxfsfe!psiui flebublrvpub!xfsfljodsfbtfe/!UijtIbcjjuz!gspwjeFtib!
gsjodjgrfe-lebub.esjwFo!nfuipelgpsigspevduleftjho!boe!ubshfufe!nbslfujohluibulhpftigbs!icfzpoe!
tjngnftubujtujdbnbobnztjt/

Hpbn.Cbtfe!Xfbui!Nbobhfnfoulboe!Spcp.Bewjtjoh

o/ Qspcrfn;!BldpsfidibmFohfljo!xfbui!lnbobhfnfouljt!pqujnj{joh!b!dijfoult!qpsugpnjp!pwtsib!
npoh!i psj{polup!nffulb!tgfdjgjd'hpbn-ltvdilbtigvoejohisfujsFnfou/lUijtigspcrfnlejgfstigspn!
tuboebse!qpsugpnjp!pqujnj{bujpo!cTdbvtFjuljowpmFtigFsjpejdidbti!gpxtdpousjcvujpotievsjoh!
ui Flbddvnwvibujpo!qibtf-Ixjui esbxbrt!evsjohlefdvnvibujpo*!jolbeejujpolup!bttfulsFchibodjoh/!
Ui FlpckFdujwFljt!pgufolup!sFbdi!blubshful><Fbmu i imfwfi-Ib! npsFljouvjujwFhpbnlgps!sfubjnjowftupst!
uibo!nbyjnj{joh!b!Tibsgf!sbujp!psiusbd ljoh!b!Nfbobwbsjbodf. FygjdjFoulgspoujfy

o/ JSMBSM!Ibggspbdi;!Ejypo'boe! I bngfsjo!)3131*Igspgptfe!lbluxp.gbsulgsbnfxpsliuplubdInfluijt!
qgspcrfn/

1. H.fbsofs!)ui FISMIbhfou*;!Gjstu-lui FzlefgjoflblejsFdu!SMIbhFou-lui FIH.rfbsofs-Ixijd i ltpmwFt!
ui Flhpbn.cbtfe!xfbiui!nbobhfnfou!gspcerfn/IUi fIH.ifbsofs!ivtft!bltqfdjgjd! rvbesbujd!
sFxbselgvodujpo!uibulgFobmj{FftivoefsqFsgpsnbodfisfibujwFlup!blubshful>xFbmi!gbui!boe!
bddpvout!gpslusbothdujpoldptut/!Czlefgjojoh!bdujpot!bt!bctpnvufiepmbs!dibohft!jo!bttfu!
gptjujpot-ljuliboerft!dbti!ppxtiobuvsbmz!boe!tdbrftlup!ijhi.ejnfotjpobrgpsugpnpt/!
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UijtiH.nfbsofs!tFswit!bt!blqpxfsgvi-ldpnqvubujpobmziusbdubcrfltpmwfslgpsiui FlejsFdu!
SMigspcrfn/

2. HisMyuifisMinfuipe*;lUifltfdpoe!lgbsu-IHISM)H.1fbsojohliSM*-Ibeesfttftiui fljowfstf!
gspcrfn/INboz!jowftupst!dboopu!fyqgndjurz!efgjoflui fjsisFxbse!gvodujpo!gbsbn fufst!)F/h/-!
ui fjsifybdulsjitbwFstjpolps!i pxlui Fz!xFjhilusbdljoh!b!lcfod i nbsl'wfstvtihspxui*/!HISM!
ubIftiui Fipctfswfelusbejoh!ijtupsz!pgbo!jowftupshps!b! ivnbo!gpsugpnp!nbobhfs*iboe!
jogfstiui FinptuhjIfiz!sFxbselgvodujpo!gbsbnfufstiuibului FljowFtups!xbtjnagndjunz!pquj.
nj{joh/lulbttvnftiui FjowFtupsicFibwfthjIFb!H.rfbsofslboe!lvtFtinbyjnvn!hjifjippe!
uplgioelui FlsFxbselgbsbnfufstiuibu!lcftulfygmbjolui Flpctfswie!bdujpot/

Baagnjdbujpolup!spcp.bewjtjoh;!Uifldpncjobujpo!pglui FtFluxp!bihpsjui nt!dsfouft!b!gpx<Tfs.
gvnluppnigps!spcp.bewjtjoh/!HISM!dbo!cFivtfeluprfbsolui FljnanjdjulsFxbselgvodujpot!)j/F/-lui !
jowFtunfoulPtuzrfthlboe!lsjtl!gsfgfsFodFt*!pgltvddFttgv i vnbo!qpsugpnjp!nbobhfst/!Uijt!
rFbsofe!Pcftu.jo.dibtthlsFxbselgvodujpo!dbolui FolcFlhjwFoluplui FIH.ifbsofs!xijdi!ldpngvuft!
blofx-Ifoibodfe!pquinbnlgprdz/!'Uijtigspdftt!dsfbuft!b!tztufn!uibuldbonfbsolgspn!ivnbo!
Tyqgfsujtf-lgpsnbrj{fju-boelui FolvtFBlluplgjoe!bo! fwfo!cfuufs!tusbufhzIgspwjejoh!tvgfsjps!
ebub.esjwfolsfdpnnfoebujpot/

MFbsojoh!PqujnbnBttfu!Bmpdbujpo!gspn!Dpmfdujw!CF 1 bwjps!
pg'Gvoe!Nbobhfst

Qspcrfn;! 1 px!dbo!xFifbsolgspn!ui FidpmFdujwf!cFibwjps!pg'b'hspvq!pglbdujwFlgvoe!nbobh.
fstlup!gspwjefjngspwfe!bttfulbmpdbujpo!sfdpnnfoebujpotl!Bui pvhiljoejwjevnnbobhfst!
bsFifygfsut-lui fjslefdjtjpot!dboldpoubjo!opjtfpsitvcpqujnbnicjbtft/BInfuipeljtloffefelup!
ejtujmlu i Fjs'dpmFdujwF!xjtepn!xijrfigjufsjoh!pvuljoejwjevbnl Fsspst/

ISMeSMIbgqgspbdi ;! 1 bigfsjo-IMjv-lboe! [ 1boh!)3133*gspgptfe!b!gsbdujdbniuxp.tufglgsbnfxpsl!
uibuldpncjoftliSMiboe!SMiup!rFbso!gspn!boeljngspwf!polui FljowFtunfoulgsbdujdft!pg'bthspvq!
pglgvoe!nbobhfst/

Tufqg!2;Jogfs!dpmFdujwF!joufou!)ISM*;!U i FlgsbnFxpsligjstulub IFtiui flijtupsjdbnlusbejohlebub!
gspn!bhspvg!pglgvoe!nbobhfst!xjui!tjnjibs!jowfFtunfoulnboebuft!)f/h/-ibsh¥.dbg!
hspxuilgvoet*/!Ui flijtupsjdbnlgfsgpsnbodf!pglui FtFlgvoet!jtivtfelup!sbo llui Fjslusbkfd.
upsjFt/'Vtjohlui FIU.SFY!brhpsjul n-lui fltztuFnifbsot!b!tjohnf-ItibsfelsFxbse!gvodujpo!
X iptflgbsbnfufstibsFpquinj{felup!cFldpotjtufoulxjuilui FtFlqfsgpsnbodfisboljoht/!
Uijtitufgljogfstiui FidpmFdujwTjoufou!pglui FlhspvqOx i bulpckfdujwft-po!bwfsbhf-Iifbe!
up!cfuufslgfsgpsnbodfixjuijoluijtigffsthspva/

Tufq!3;!Pqujnj{figpndz!)SM*;!U i FidpmFdujwFisFxbse!gvodujponfbsofeljolui FUSMItufq!jt!

ui folgbttfelup!blejsfdulSMIbhFoul)ui FIH.1fbsofs*/!Uijt!bhfoultpmwFtigpsiui Flpqujnbnbttfu!
bmpdbujpo!gprjdz!iuibulnbyjnj{ftiuijtisFxbselgvodujpo//CFdbvtflui FisFxbselgvodujpoljt!
chtfelpolui flejtujmFe!xjtepn!pglui FifoujsFlhspvg-lui FisFtviujohlgpndz!jt!pgufoltvgfsjps!
up'ui Fltusbufhjft!pglui Fljoejwjevbnnbobhfst!julifbsofelgspn/

Bqgrjdbujpo!bt!bo!bttjtubou;!Uijtlgsbhnxpsl!jtieftjihofelopulup!sFanbdfigpsugprjp!nbobhfst!
cvulup'bttjtului fn/iUi flpvugvulpglui FISMItufgljt!bltfulpg'sFdpnnfoefe!bttfulbmpdbujpo!
dibohft)f/n/-IsExFjhiujoh!gpsugprjp!fygptvsFibdsptt!joevtusz!tFdupst*/Nbobhfst!dbo!vtf!
ui FtFlsfdpnnfoebujpot!bt!blebub.esjwFoljoqvulup!sFgjoflui fjs!pxolefdjtjpot-Irfwfsbhjoh!ui f!
dpmFdujwFjoufmhfodFipglui FijslgFfstiup/jngspwFigfsgpsnbodf/IUijtleFnpotusbuft!b!gsbdujdbn!

110! o DGBlotujuvuf!SFtfbsdi!Gpvoebujpo



SfjogpsdFnfoulMFbsojoh!boellowfstf!STjogpsdFnfouMfbsojoh

ivnbodnbdijofljoufshdujpolippg-IxifsFiSMirfbsotlgspn!ivnbo!fygfsutlboe!SMigspwjeft!
pqujinj{fe!tvhhftujpotiuplui fn/

1jhi1.GsFrvfodz!NbsIfu!/Nbljoh!xjuilinjubujpo!Mfbsojoh

o/ Qspcrfn;!Usbejujpobn I GU!Npefitigpsinbslfulnbljoh-tvdilbtiui fIBwfmbofeboTupjlpw!npefi-!
bsflpgufo!dbrjcsbufe!po!ijtupsjdbniebub!boe!nblf!tusjdulbttvnqujpot!bcpvulnbslfulezobnjdt!
Yf/h/-ItuberflpseFslgnpx-1tgfdjgjd!gsjdFlgspd Fretfer/Ui Ftflinpefit!tusvhhrflup!bebqul>i folstbn.
xpsre!nbslfuldpoejujpotiejwfshflgspniui Ftflbttvnqujpot/! Tuboebse!SMIbqgspbdi ft-!polui f!
puifsliboe-!dbo!cf!ltbnagrf.jofggjdjfoulboe!pgufo!pqujnj{finzpgjdbmz!gps!tjohnf. tufq!bdujpot-!
xijdildbo!rfbelup!dpngpvoejoh!fsspst!boe!gpps!jowfoupsz!nbobhfnfouljo! 1 GU/

o/ INnjubujponfbsojoh!bqqspbdi!)Grpx I GU*;!Up!beesfttiui FtfidibmFohft-IMj-'Difo-'boe!zboh!
)3136*Igspqptfe!Gipx 1 GU-blopwfilgsbnfxpslicbtfe!po!jnjubujpoifbsojoh/lJotufbe!pg!
bttvnjoh!b!tjohrflfyqfsulnpefiljt'cftulgps'bmdpoejujpot-1Gnpx I GUFbsot!lgspn!blejwFstFtfu!
pg'fygfsuleFnpotusbujpot/lu'tjnvibuftiwbsjpvtinbslfultdfobsjpt!)f/h/-11jhiOnpx!wprbujrjuz-!
usFoejoh0ONfbo.sfwFsujoh*lboe!jefoujgjFtiui FlcFtu.qFsgpsnjohlusbejujpobn npefi!)f/h/-BT-!
HMGU*Igps!fbd i 'tqfdjgjd'tdFobsjp/

o/ Gipx.nbudijoh!qgpnjdz;!UifldpsFpglui Flgsbnfxpsl!jtiblgnpx. Nnbudijoh!gpndz/!Uijtljtibltpgijt.
ujdbuFe!hfofsbujwFlnpefmuibulnfbsotiup!nbg!b!Nnbsifultubuflup!b!tFrvFodfipgpqujnbnlusbejoh!
bdujpot/lulepft!tp!cz!nfbsojoh!b!Pgipx<pluibulusbotgpsntibltingrflopjtflejtusjcvujpoljouplui !
dpnarfy'ejtusjcvujpolpgfyqfsulbdujpot!pctfswfelbdsptt!ibm nbslfultdfobsjpt/Uijtigspdftt!
bmpxt!b!tjohrf-bebqujwf!npefilupljoufhsbuflui F lopxrfehf!pgnboz!tgfdjbn{fe!fyqfsut/!
Dsvdjbmz-ljulrfbsot!up'hfofsbuf!foujsF!bdujpo!tfrvfodft!pwfsib!giboojoh!i psj{po-xijdi'joifs.
Tounzldpotjefstiui flofbs.ufsn!dpotfrvfodft!pglbdujpot!boe!i figt!njujhbufluifidpngpvoe.
joh!fsspst!tffo!jo!tjohnf.tufq!SM/

o Bqqndbujpo;!Uiflusbjofe!Grpx 1 GU!Npefiidbo!bebqujwiizihfofsbuflusbejohlefdjtjpot!tvjubcnf!
gpslui Flgstwbjrjoh!nbsfultubuf-1FogFdujwinzinfwsbhjoh!ui flcftultusbufhz!gspn!jutijcsbsz!pg!
rfbsofe!fyqgfsut/IMj!fulbn/1)3136*ti pxTeluibului fjsitjohrFlgsbnxpslidboldpotjtufounz!pwvu.
gfsgpsnlui ficFtuljoejwjevbnfyqfsulnpefiljo! fodilufFtufe!nbslfuldpoejujpo-lefFnpotusbujoh!
blgpxFsgvitbgaridbujpo!pgljnjubujpolifbsojohlup!cvjrelspcvtu-lbebqujwf! I GUbhfout/

Computational Requirements and Infrastructure:

Hardware and Software Ecosystem

Ingrfnfoujoh!SMigps!gjobodjbnbqqgndbujpot!sfrvjsftidbsfgvildpotjefsbujpo!pgldpngvubujpobn!
jogsbtusvduvsT;

Hardware requirements

o  EfwhfipgnToulqibtf;!HQV.Fobcrfelxpsltubujpot!)OWIEIBISUY!41 : 1!psicfuufs*lgpsleffqg!SM!
bihpsjuint

o/ Qspevdujpo!qibtf;Mpx.ibufodz!jogFsFodfitFswistigpsisFon.ujnflefdjtjpo!nbljoh

o  NTnpszisfrvjstnfout;43HC,!SBN!gpsIfyqfsjfodfisFaibz!cvggfst!jolijhi.gsFrvfodz!
bqarjdbujpot
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Software stack

o/ SMigsbnfxpslt;
= TubcrFICbhtfijoft4;!Qspevdujpo.sfbez!jngrfnfoubujpot!pg'tuboebse!brhpsjui Nt
= SMijc;!Ejtusjcvufelusbjojohlgpsitbsh¥.tdbrflbqqrjdbujpot
= UG.Bhfout0QzUpsdi!SM;!Gps!dvtupn!bnhpsjui nlefwiipgnfou
o/ Nbslfultjinvibupst;
= BCJEFT;!Bhfou.cbtfe!nbslfultjinvibups!gps'NnjdsptusvduvsfisFtfbsdi
= GjoSM;Joufhsbufe!FowjsponToulgps!gjobodjbn SMIbggndbujpot
= Dvtupn!tjinwrbupst!vtjoh!ijtupsjdbniujdl!ebub

Challenges and Frontiers

Buipvhi!SMIboellSM!i preljnnTotflgspnjtflgps!gjobodf-Igsbdujujpofst!nvtulobwjhbuf!b!tfulpg!
tjhojgjdbouldibmFohfticfgpsflui FtFinfuipet!dbo!cfixjefiz!boe!sfijbcizliefanpzfe/

LTfz!Dibmfohft
Ui fligpmpxjoh!bsFitpnfipglui Finbjo!d i bmFohftigps!SMIboeliSM;

o Tbnarf!fyyjdjfodz!boe!ebub!sfrvjsfnfout;'SMbhfout-!gbsujdvibsiz!npefi.gsFfpoft-pgufo!
rfbsoluispvhi!fyufotjwFlusjbnlboe! fsspy!Gjobodjbnebub-!bm i pvh i wbtu-!dbo!cFlopjtz-Iboelui !
ovncTsipglusvizljoefgfoefou! ijtupsjdbritdfobsjpt!jtijnjufe/lUijt!tjuvbujpo!nblft!julejygjdwvmu!
uplusbjo!bhfout!luibulbsFlspcvtulup!sbsflcvuldsjujdbnnbs I fulfwfout-Itvdi Ibt!gjobodjbndsjt Ft/

o/ Opotubujpobsjuz!pglgjobodjbrtinbsifut;!Uifldpsflibttvnqujpo!pg!b!tubujpobsz!NEQ!jt!pgufo!
wjpnbufe!jolgjobodf/Nbslfulezobnjdt-'wpnbujijuz!sFhjnft-boe!dpssfibujpo!tusvduvsFt! fwpmw !
pwfslujn¥/IB!gpnjdz!rfbsofe!po!ijtupsjdbniebub!nbz!cfdpnfltvepqujnbilpsifwfo!efusjn foubn!
xifonbslfuldpoejujpotidibohf/Uijtlezobnjdlofdfttjubuftidpoujovpvtinfbsojoh!psibebqujwf!
npefitiuibuldbolefufdu'boe!bekvtulup!sFhjnfitijut/

o Gjefnjuz!pg'tjinvibujpo!fowjsponfout;!Usbjojoh!boe!wbnjebujoh!SMIbhfout-!Ftgfdjbmz!gps!ijhi.
tubIFt'bqgndbujpot-IsFrvjsFiblsFontujd!nbsIfultjnvibupy!Gps!Fybnarf-lgpstbqgnjdbujpot!gps!
usbejoh!jolui Fiijnju!psefsicppl-Icvjiejoh!b!tjnvibups!uibulbddvsbufiz!dbquvsFt!nbsIfulNjdsp.
tusvduvsT-Ipsefsigipx!ezobnjdt-libufodz-lboelui FligFfechd l nppg!pg! Nnbsfuljngbduljt!bo!
fyusFnfiz!ldibmfohjoh!gsperfnljo!jutfig/!Bo!bhfoului bu!lgFsgpsnt!xfm!jo!b!glbxFe!tjnvibujpo!
nbz!gbjtgFdubdvnbsiz!jo!bwFinbsfu/

o/ Sfxbseltgfdjgjdbujpo!boelsjtl!'tfotjujwjuz;!Gps'ejsFdu!SM-lefgjojoh!blsFxbselgvodujpo!uibu!qfsgFdunz!
brjhot!xjui!bpoh.ufsn!gjobodjbnpckFdujwjtlopousjwjbi/!B!nzpgjdisFxbse!)f/h/-Itjohrf.qfsjpe!
gspgju*!dbolfbelupvoeftjsherflcTibwjps!tvdi bt fydFttjwiisjtlubljoh/\Btlejtdvttfe-'tuboebse!
SMIpqujnj{ftigps!Fygfdufe!sfuvsot!)sjtl'ofvushnjuz*-1x i Fsfbtlgjobodjbnbqagnjdbujpot!binptu!
bixbzt!lefnboe!fyqgujdjulnbobhfnfou!pg!sjt1!)f/h/-wbsjbodf-lubjrisjtl-lesbxepxo*/!Sjtl. tFotjujwf!
boelejtusjcvujpobrSMidbolui FsFypsTgsFtfoulb!gbsujdvibsljoufsftulgpsigjobodjbnbgqrjdbujpot/

o' Joufsgsfubcjijuz!boelusvtu;!Nboz!npefso!SMIbhfout-IFtgfdjbmz!ui ptflvtjohlefFfglofvshnofu.
xpslt-lgvodujpo!bt!Pcibd llcpyfth!Uajthbdl!pglusbotgbsfodz!jt!b!nbkps! i vserflgps!bepqujpoljo!
blijhinz!sfhvibufeljoevtusz!xifsFlqpsugprjp!nbobhfstiboe!lsjtl!pggjdfstioffelupvoefstuboe!
boelkvtujgz!jowFtunfoulefdjtjpot/
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Ui FISTtfbsdi!Gspoujfst

Beesfttjohlui ftfidibmfohftljtiui figpdvt!pg'pohpjoh!sttfbsd i /'Tfwsbn fydjujohlgspoujFstibst!
Tnfshjohluibulbsflgbsujdvibsiz!sfrfwboulgps!gjobodf;

o Npefi.cbtfe!SMboeifbsofe!tjnvibupst;!Up!jngspwf!tbngrfifygjdjfodz-IsFtFbsd i Fst!bsT!
efwhpgjoh!bhfoutluibultinviubofpvtizirfbso!b!qprjdz!boe!b!npefilpglui Fifowjsponfou/!
BInfbsofe!xpsie!npefildbolcflvtfelup'hfofsbuf!tjnvibufe! fyqgfsjfodft-bmpxjoh!ui Fibhfou!
up!Panbop!boelrfbso!nvdilgbtufsluibo!cz!stizjoh!tprfiz!po!sfhn nbsifulebub/

o/ Fyqrbjoberf!Bl)YBI*gps!SMOISM;!B!dsjujdbntbsFb!pg!sFtfbsd i jtlui Flefwfmpgnfou!pg nfuipetiup!
nblfluiFflefdjtjpot!pg!SMoISMIbhFfout!npsflusbotgbsfou/'TvdilufdiojrvFtibt!itFotjujwjuz!bobn.
ztjt'boelgfbuvsTlbuusjcvujpo!dbo! i fig!gsbdujujpofstivoefstuboe!x ijdi!nbslfultjhobrt!bsflesjw.
joh!bolbhfoult!bdujpot-lgptufsjoh!hsfbufslusvtulboe!gbdjijubujoh!npefilsjtliNbobhfnfou/

o' Nvwvmuj.bhfou!SMYNBSM*;!GjobodjbrinbsIfut!bsFjoi fsfourz!nviuj.bhfoultztuFNt/INBSMINnpwft!
cfzpoelui fitjohrf.bhfoulgbsbejhn!up!npefnlui ftusbufhjd!joufsbdujpot!cfuxffo!nvjgrf!
rfbsojoh!bhfout!)f/h/-ldpngfujoh!ijhi.gsFrvfodziusbefst-ljoufsbdujoh!jotujuvujpobnjowftupst-!
ofuxpsltipglcsp Ifstefbrfstljo!PUD!Nbsfut*/'TjNjibsiz-!nviuj.bhfoullSMibjntlup!efdpowpm!
ui Fipctfswfe!nbslfulezobnjdt!joup'lui flcTibwjpstiboe!pckfdujwft!pglejtujoduldibttft!pg!
bhfout-!xijdi!jtibtjhojgjdboultufg!cfzpoe!PtjohnfisFgsTtfoubujwFibhfoup!npefit/

o SMixjuihbshfiibohvbhflinpefit)MMNt*;!IU i Fljoufstfdujpo!pg'SMIboe MMN t!jtiblshgjenz!efwipgjoh!
bsfb!xjui!tjhojgjdbouljngnjdbujpotigpsigjobod F/IMMN t!dbolgspdfttiboe!tzoui Fti{fwbtulbnpvout!pg!
votusvduvstelufyulebub-ltvdilbtlofxt-lgjoht-boe!tpdjbiin fejb-dsfbujoh!blsjd i fs!npsflovbodfe!
tubufisFgsFtFoubujpolgpsibo!SMIbhfou/!Cfzpoe!tingiz! foibodjohlui Fitubuf-lui Finfui petivtfelup!
brjhoMMNt!Ixjuii!ivnboljoufoulbsflejsfdurz!bggrjdbcrfluplgjobodjbriefdjtjpo!nbljoh/

= Sfjogpsdfnfoulnfbsojohlgspn!ivnbolgffecbd)SMIGHIUijtljtlui Fiftubcnjti felufdi.
ojrvfivtfeluplgjof.uvofinpefit'tvdi!bt!D i buHQU/NuljowpmwFt!b!nviujtubhflgspdftt;!
Gjstu-blsFxbse!npefiljtiusbjofe!po!ivnbo!qsfgfsfodflebub!)f/h/-Iblivnbo!sbo I t'tFfwfsbn!
npefi.hfofshufelsFtgpotft*/!Uifo-luijtisFxbse!npefiljtivtfeluplgjof.uvofiui FIMMNIL!
gpndz!vtjohlbo!SMbrhpsjui N!)tvdi!bt!QQP*/o!blgiobodjondpoufyu-luijtibgqgspbdildpvie!
cflbebqufelup!bnjho!blusbejoh!ps!bmpdbujpo!bhfoulxjuilui Fildpnarfy-libse.up.tqfdjgz!jouv.
jujpo!pg!bo!fyqgfsulgpsugprjp!Nnbobhfy!B!Nbobhfs!dpvie!gspwje flrvbnjubujwflgFfecbdl!cz!
sholjoh!tfwFshnlusbeflgspgptbnt!hfofsbufe!cz!ui Fibhfou-lbmpxjohlui FlitztuFn!uphfbso!
ui FinbobhTsitjngnjdjulsjtl!gsfgfsfodFtlboe!nbslfulwjfxt!xjui pvului FinbobhTs!1bwjoh!
up!bsujdvibuf!bo!Fyqrjdjulvujnjuz!gvodujpo/

= Ejsfdulgpnjdz!pqujnj{bujpo;'Buipvhi!gpxfsyvi-!SM 1 Gljt!ibldpnarfy'boe!qpufoujbmz!votub.
crflnviujtubhFlgspdFtt/!Shgbjnpw-T 1bsnb-!Njud i f-lFsnpo-!Nboojoh-bhoe!Gjoo!)3134*!
jouspevdfe!blnpsfififhboulboe!ejsfdulnfui pe!ldomfelejsfdulqsfgfsfodfpqujnj{bujpo!
)JEQP*-Ixijdi!czgbttftiui floffelgpsibolfyqgudjulstFxbse!npefi/iulvtftibldrfwFsinbui.
TnbujdbnsF.gbsbnfufsj{bujpolup'tipx!uibului fisFxbse.Nnpefijoh.qgmnvt.SMIpckFdujwf!
dbo!cflpqujnj{felejsfdunz!polui Flgsfyfsfodflebub!xjui!b!tjohnf-ltubcrfhpttigvodujpo/!
Uijtibgqgspbdi!tjhojgjdbouz!tjngnjgjftlui Flusbjojoh!gspdFtt/!Gps!gjobodF-IEQP!pggfst!b!
npsfispcvtulboe!fygjdjFoulxbz!uplgjof.uvofbo!SMIbhFoult!qprjdz!cbtfe!polejsfdulivnbo!
gsfgfsfodflebub/

= Hspvqlgsfyfsfodfipqujnj{bujpo;!Blijnjubujpo!pg'cpui!SM 1 Glboe!EQP!jtiui fjsigpdvtipo!
b!tjohrflgsfygFsfodfigspwjefylJo!Nnboz!gjobodjbitfuujoht-lefdjtjpot!nvtultbujtyz! nvij.
grfitub 1T prefstixjui!gpufoujbmz!dpogrdujoh!pckfdujwft!)f/h/-Iblgfotjpolgvoe!nbobhTs!
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chrbodjohlui floffet!pglejggfsFoulcFofgjdjbsz!hspvqt!psiblufbn!pglusbefst!xjui!ejwfstf!
nbslfulwjfxt*/![foh-![iboh-!Zboh-!boe!Difo!)3135*gpsnbij{feluijtigspcrfn!btihspvq!
gsfgfsfodfpqujnj{bujpo!)HQP*-b!nvmj.bhfou! fyuFotjpo!pg! EQP/'HQP!rfbsot!b!tjohnf!
gpnjdz!uibulsFgsFtfout!b!tpdjbrxfigbsFpqujnvnNCOb!DpoepsdfulxjoofsOuibuljtinptul
gsfgfssfelczlui flhspvg!btib!xiprf/lUijtibqqgspbdilgspwjeftib!gsjodjgrfelgsbnfxpsl!
gps'cvjrejoh!SMibhfout!uibuldbo!rfbsolgspn!boe!nblflefdjtjpotigps!ib'hspvq!pglejwFst!
giobodjbnfyqgfsut!psitub I Fipnefst/

Case Study: Trading and Option Hedging

Jolumjtitfdujpo-IxFibggnz!SMiup!cvjiejohlusbejoh!boe!pqujpo! i Fehjoh!tusbufhjft/I>Xflcfthjo!cz!
Tygipsjoh!i px!SMIdbo!cflvtfeljolusbejoh-lgpdvtjoh!polui flbcjnjuz!pg!Bllup'lejtdpwEs!pqujnbnitusbu.
Thjftleftgjuflnbslfulgsjdujpot-lui Flefgjojujpo!pg!pqujnbrjuz!jolgjobodf-boe!xbztlup! Fodpefisjtl!
gsfgfsfodft!ixjuijolui FISMlgsbnfxpsl/

Ofyu-IxFlIfybnjof! i px!wbsjpvtisfxbselgvodujpot!iboe!tubuflsfgsFtfoubujpot!bsjtflobuvsbmz!jo!
usbejoh!gspcrfnt/!IXflejtdvtt!i px!up!gpsnwvibuf!SMigsperfntiup!sFgrfdulsFbnlgjobodijbn pckfdujwit-!
tvdilbtinbyjnj{joh!fygfdufe!vujjuz-'nbobhjoh!sjtl-Ips!i fehjoh!efsjwbujwft/

XfluifoljouspevdFitingrfljmvtusbujwflnpefitONnfho.sfwfstjpolusbejoh!boe!pqujpo! i FehjohOuibu!
efnpotusbuflui Finfdibojdt!pg'SM!jolgjobodFlboe!sFwfbn IFz!gsbdujdbnd i bmFohft/\Ui Ftfligpvo.
ebujpobnfybnagnft!tfului Fitubhflgps!npsF.bewbodfe!SMINfuipet-ljodivejoh!gpndz.hsbejfoulboe!
effq!SMbqgspbdi ft/!Bt!b!gsbdujdbnldpnagrfnfoulup!ui flejtdvttjpo-IxFlgspwjeFlbo!pgfo.tpvsdf!
dpefifybngrfljngrfnfoujohlui Finfbo.sfwfstjpolushejoh!npefi-lbmpxjoh!sfbefstlup! Fygfsjnfoul
Xjui!SMljo!b!sFbrlusbejoh!dpoufyu/

Czlui fifoe!pglui FldbtFltuvez-1zpv!xjm! i bwF!b!gsbdujdbnvoefstuboejoh!pg! i px!up!gsbnFlusbejoh!
gspcrfnt!xjuijolui FISMIgbsbejhin-leftjho!sfxbse!boe!tubuftusvduvsFtibnjhofe!Xjui!jowfFtunfoul
pckfdujwFt-boe!joufsgsfului FisFtviut'boehjnjubujpot!pg!SM.cbtfelusbejoh!tusbufhjft/!Uijtlgpvoeb.
ujpolgsfabsft!zpvigpslgvsui Fsltuvez!pgle FFq!SM-Isjtl. tFotjujwFlnfuipet-boe!sfbr. xpsielefanpz.
nTouljo!rvboujubujwFlgjobodf/

Efgjojoh!Pqujnbnjuz!boe!lut FISpirf!pgluit FISTxbse!Gvodujpo!
jo!Usbejoh

Xflcfthjoluijtitfdujpo!czlejtdvttjoh!tpnfixpsuixijflrvftujpotiuibulnpujwbufelui Flgjstuljowfty;.
hbujpot!jouplui Fibggndbujpo!pg!SMiup!pqujnbilusbejoh!tusbufhjft/

Question 1.!Dbo!bo!bsujgjdjbnjoufmjhfodf!bvupopnpvtizljefoujgz!bo!pqujnbnrezobnijdlusbejoh!
tusbufhz!bddpvoujoh!gpslusbotbdujpoldptut-Ixjui pvulgsjps! lopxirfehfpglui Fltusbufhzit! tusvduvs T

Brg i bHp![ fsp!) TimFs!Td i sjuuxjftfs!Tjnpozbo-'Boupophipv-! I vboh-IHVvF{-! I vcfsu-fulbn/!3128*jt!
b!ijtupsjdbmz!jngpsuboulSMItztufn!uibunfbsofelup!gmbz!xjui 'P{Fspp!i vnbo!hvjebodf-hjwFo!porz!
ui Flsvrft!pglui F'hbnflboelui fidibodflup!gibz!bhbjotulb!tjnvibupy!Rvtujpol2!btlt- X ibulbsFlui !
wbsjpvtigjobodjbnbobrphvft!pg!BiqibHp! [ fspOx i fsflbo!SMIbhTfoulrfbsotlusbejoh!ps!jowftunfou!
tusbufhjftlgspnlgjstulgsjodjgrft-Ixjuilnjojnbnivnbo!hvjebodf(

Question 2.lJolui Fldpoufyu!pg!RvFtujpo!2-li px!ti pvie!xFlefgoflbo!pqujnbntusbufhz@t!pquj.
nbrjuz!jo i fsfounz!tvckfdujwf-!ps!dbo!xFlsjhpspvtiz!rvboujgz!ui Fitusbufhz!luibu'b!sbujpobriefdjtjpo!
nblfsixpwvie! fNaqipz@
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Jolgjobodf-IxFlefgjofibltusbufhz!bt!pqujnbnjgljul nbyjnj{ftiui fIfygfdufe!vujijuz!pglufsnjobn
xfbui/lUijtlopujpoljtthspvoefeljolui fFitFnjobnxpsl!pgwpo!Ofvnboo!boe!Npshfotufso!)2 - 55*-!
xipltipxfeluibuljglblefdjtjpo!nblfs)b*igbdFt!vodfsubjo!)gspcbeijijtujd* pvudpnftiboe!)ctlibt!
gsfgfsfodft!tbujtgzjohlgpvsibyjpnt!pgisbujpobnicFibwjps!ui Folui Flefdjtjpo!nblfsixjmcibwfibt!
j9'nbyjnj{johlui Ffyqgfdufe!wbnvf!pg'bvujrjuz!gvodujpo!v-lefgjofe!pwFs!gpttjcrflpvudpnft/!IGps!
gvsui Fslefubjit-'tFFICFowfFojtuf-!Lpin-lboe!Sjuufs!)3135*/!X i Folbgagnfelup!lusbejoh!ps!jowfFtunfou!
nbobhfnfou-lui Fisfirfwbou!pvudpn Fljtiuzgjdbmz!ufsnjobn>Fbm i 1< -1 tp'ui Fisbujpobnibhfoult!
pckfdujwFlcfdpnft

! F\V)x,*/! )2*

Uijtigsjodjgrflvoefsgjot!npeTfso!gpsugpnjp!ui Fpsz!)Nbslpxju{!2 : 63<INfsupo!2: 7 -<INFsupo!2 - 82*!
boe!gspwjeftiui flgpvoebujpolgps!rvboujubujwFlnpefit!pg!pqujnbiljowftunfoulboelusbejoh/! XX F!
fygstttiufsnjobnxfbiui!btiui fitvn!pgjojujbr>Fbui!x,!boelui fidvnwvibujwfljodsfnfout!jo!>x<Fbui!
pwfslujnT;

U

! xU=xl+28x-! )3*
u=2

xifsf

! O >Ix 101 ! )4*

efopuftiui FixFbui!jodsFnfoulbulujnflulboe!Uljtiui Figjobnlujnf/

Buipvhiljunjhiulcfiufnqujohlup!nbyjnj{flIF\xMejsfduiz-lepjoh!tpljhopsftisjtl'boe!dbo!nfbelup!
gbsbepyft!psivoeftjsherfpvudp nft/lo!dpousbtu-nbyjnj{joh!fygfdufe!vujjuz!F\v)x *jodpsqp.
sbuft!sjtl!gsfgfsFfodftibqgspqgsjbufiz/!Dibncfsibjo!)2 - 94*boe!CFfowFojtuf!fulbn/!)3135*ti pxfe!
uibului Fifrvjwonfodflcfuxffolnbyjnj{joh!fyqgfdufelvujiuz!boelvtjoh!nfbobwbsjbodfpqujnj.
{bujpoljt'nvdi'cspbefsiuibo!nptu!gsbdujujpofstisFon{f/!UiFfldibttjd!nfbobwbsjbodflbqgspbdi!
sFnbjotlui fpsfujdbmz!kvtujgjfe!bdsptt!ib!xjefisbhohf!pglsFhnjtujd!sfuvsolejtusjcvujpotOopulkvtul
voefslui flopsnbnjuz!bttvnqujpo/! TgFdjgidbmz-lui jtisFtviulbqan ! i fofwFslui Flejtusjcvujpo!pg!
uFsnjobnxfbui!jt!nfhobwbsjbod ! Frvjwbrfou!)NWF*-Iblcspbe!dibtt!ui bu'jodiveft!bm! fmjqujdbnejt.
usjcvujpot-ltvdi!btlui Flopsnbnboe!nviujwbsjbufiu. ejtusjicvujpot-lbt!xfmbt!blgbnjnz!pg!btzn N fusjd!
ejtusjcvujpot!xjui!xfm.efgjofelgjstulboeltFdpoe!npnfout/o'tvdi!dbtft-blsbujpobnbhfoult!gsty.
Tsfodft!pwfsisjtlzipvudpnftidbolcflgvmz!dibsbdufsj{fe!czlui finfbo!boe!wbsjbodf!pglufsnjobn
xFfbui-boelui Flpqujnbitusbufhz!sfevdftiup!nbyjnj{joh!fygfdufe!sfuvsolqfobn{fe!cz!sjtl-!
btljolui FldibttjdbrNbslpxju{!nfbodwbsjbodflgsbhnxpsI)Nbslpxju{!2 : 63*/! XFldbsjgz!ui ptF!
bttvnqujpot!ofyu/

Assumption 1!(Discreteness).!Usbejoh!pddvst!bulejtdsfufiujnft!)u!>!12-7 -U*-IboelgjobnxFfbui!jt!
hjwfo!cz!Frvbujpo!3/

Assumption 2!(Portfolios).!Ui fsFifyjtut!bltfulpg!qpsugpnjpt!) i ;- - iye,* lopxolbulul>111tvdiluibu
! OX !> g, 5,7 )5*

xifsfli)jtiui Flepmbs! i prejohtiwfdups!bulujnflulboe!s/jtui Flsboepn!wfdups!pgibttfulsfuvsot!
pwFsh\ue2-u"/

Assumption 3!(Independence).ljgluls!t-lui fols boels/bsfljoefgfoefou/
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Assumption 4!(Mean-Variance Equivalence).!Gps!fbdi!u-lui flejtusjcvujpo!pg's,!jtinfbobwbsjbodf!
frvjwbnfou/

Assumption 5!(Utility).!U i flvujjuz!gvodujpo!jtljodsFbtjoh!boe!dpodbwf-'boe!ju! i btidpoujovpvt!
efsjwbujwftivglup!tfdpoe!psefy

Ui fibttvnqujpoluiibului flejtusjcvujpo!jtINWFjtigFsibgtiui finptuljoufsFtujoh!pof/ Buipvhilui f!
NnThobwbsjbodf!pqujnj{bujpolgsbnfxpsl!ebufticbdl!up!Nbslpxju{it!gjpoffsjoh!xpsl!jolui Fifbsnz!
2:61t-luiflgsfdjtfidpoejujpotivoefsixijdi!nThobwbsjbodfpqujnij{bujpo!jtiusvnz! Frvjwbonfoulup!
fygfdufelvujrjuz!nbyjnj{bujpo!xfsfiponz!sfdFourz!dbsjgjFe!cz!CFowfFojtuf!fulbn/)3135*/Uijtlejt.
ujodujpo!jtidfousbnjo!pvsidpoufyu-'cfdbvtFiblwpo!OfvnboobN pshfotufso!lsbujpobnjowftupsibjnt!
up!NbyjNj{FIF\v)x *-Ixifsfbtlui fisFxbse!tjhobiljo!Frvbujpo!22lub I ft!b!nfbodwbsjbodFlgpsn/!
Voefslui FINWF!dpoejujpo-lui Ftfpckfdujwft!bst-ljolgbdu-1Frvjwbrfou/'TgFdjgjdbmz-lui FsFifyjtut!
tpnfldpotubou

! K211 )6*
uibulefgfoet!poljojujbnxFbiui!x,'boelui FjowFtupsit'vujnuz!gvodujpo-tvdiluibulnbyjnj{joh
! Fiv)x* )7
jt'frvjwbnfoulup!nbyjnj{joh

2
! F\xU"—EKV\xU o )8*
Jolui Figpmpxjoh-IxFflgpdvt!po
! nbyjn j{f{E\xU "—%V\xu A}/ ! )o

Ui Fflgjstufybnagnflpg!b!sfxbse!tjhobnbqqgspgsjbuflgps!n fhobwbsjbod Flivujrjuz!jolui Fldpoufyu!pg!SM!
Xbtlgspwjefe!cz!Sjuufs!)3128*Ix ijdi!xFlopx!eftdsjcT)tFfibntp!Sjuufs!3129*/1TvqqptfixFidpwvne!
jowFoultpnFlefgjojujpo!pglstxbse)Stvdiluibu
U

K -
! F\xU"—EW\xU"z;S/! )z*
Ui fo-lui flipqujnj{bujpo!gspcrfn!)Frvbujpo!9*ipp I thjIflui F!ljoe!pg'PdvnvibujwFlsFxbse!pwfslujnh!
gspcrfn!uibuljtluzgjdbnjo!SM/!SMItFbsd i Ftigps!gpnjdjFtiui bulnbyjnj{f
! F\HMSIRS, L 1S, 51, 1S, oL 1! )21*
xijdilcz!Frvbujpo!: Ixpwvrelui folnbyjnj{fifyqgfdufe!vujruz!bthpoh!bt!y!s!2/
Xfldpotjefsiui flsFxbselgvodujpo!gspgptfe!cz!Sjuufs!)3128*%;
! Xi=8 —g(ﬁxu —ﬂ)a-! )22*

X ifsfid!jtibo! Ftuinbufpglblgbsbnfufs!sFgsFtfoujohlui Finfho!xfoui!jodsFnfou!pwfs!ipof!
gfsjpe-Hu;>IF\dx /Ui fo-lbwFsbhjoh!pwfs!U!gfsjpet!zjfiet

2% 2% K2+ 3
! =¥ x==—%8 ———)» (ox, @) -! 23*
U u=2 ’ U uz:;‘ ! 3 U u=2 ( ! ﬂ) )
—E\3X " - VX, "
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X i FsFlgpshibshFlU-lui FlgjstuluFsn!bgqgspbdi ftiui Fitbnarfinfbo!boelui fitfdpoe!bggspbdi ft!
ui Fltbnagrfiwbsjbodfipglui FixxFonuiljodsFnfout/!Uivt-Ixjuilui FisFxbselgvodujpo!)Frvbujpo!22*-!
nbyjnj{joh!dvnwibujwFlsFxbse!jngnft!nbyjnj{johlui finfbobwbsjbodflgpsn!pg!FyqgFdufe!vujrjuz/

Tubuf!Wbsjbcrft!gps!Usbejoh!Qspcrfnt

Ui fltubufiwbsjberf!) t *ljtiblebub!tusvduvsFlui bu-ltjngnz!qvu-ti pvieldpoubjo!fwfszuijohlui fFibhfou!
offetlup'nblflboljogpsntelusbejohlefdjtjpolboelopuijoh!fitf/'Whsjbcnft!uibulbsflobuvsbn!
dboejebuft!gps!jodmvtjpo!jolui FltubuflbsF

o' uifldvssFoulgptjujpo!ps!iprejohljolui Fibttfu-
o Ui fiwbnvFt!pg'boz!tjhobrt!uibulbsFlctjfwFelup!cFlgsfejdujwt-

o' Ui fldvssFoultubuf!pglui FiNnbslfu-jodivejoh!dvssfoulgsjdflboe!boz!sfifwbou!njdsptusvduvsTorniju!
psefs!cppl!efubjrt-lboe

o joluiFlgpsugprjp'jodiveft!dpousbdut!xjuilfyqgjsbujpot-ItvdilbtigvuvsTt!psipqujpot-lui Flujn !
sfnbjojohlvoujilfyqjsz/

Jolusbejoh!gsperfnt-lui fFinptulobuvsbnld i pjdflgps!ibo!bdujpoljtiui FlovncTs!pgltibsFtluplusbef-150,/!
Uijt!dipjdfljefoujgjftiui fibdujpoltgbdf!).Alc![*/1X 1 Folnbslfulnjdsptusvduvsfifggfdut!bsT!tjhojg.
jdbou-lui flbdujpo'tgbdfinbzloffelup!cfifygboefe/IGps!fybnanf-lui fibhfouldpwielefdjefixijdi!
fyfdvujpolbrhpsjui nlup!vtf-Idipptficfuxffoldspttjohlui fitgsfbe!ps'tvenjuijoh!blgbttjwfpsefs!
ps'tfului Flubshfulgbsujdjgbujpo!sbuf/lUgpofpglui Fibttfut!jt!bo!pqujpo-lui Fibhfou!nbz!brtp! ibwflui F!
bcjrjuzluplub Ifbeejujpobnbdujpot-tvdibt!Fosnz! FyfsdjtF/

Usbejoh!Fybnagnft

Joluijtitfdujpo-IxFlgsFtfouluxp!tingrffybngrftOnfbo.sfwfstjpolusbejohlboelpqujpo!i fehjohO
uibulijhinjhiulfzljefbt!boe!dibmfohft!jo!bqgrzjoh!SM!jolusbejoh/

Mean Reversion

Xflbttvnflui fsFifyjtut!blusbebenflibttfulxjui Ib! tusjdunz!gptjujwF!gsjdFigspdFtt!g,! ?! /Ui jt!Phttfup!
dpvne!cFlb!gpsugprjp!pg!pui Fsibttfut-ltvdi!btibo!fydibohf.ushefelgvoe!ps!b! i Fehfe!sfubujwTiwbnF!
usbef/!Gvsui Fs'tvqqptFluibului FsFifyjtut!bo!PFrvjrjcsijivn!gsjdf!gtvdiluibuly,>hph)q,0g:!ibt!
ezobnjdt

! ey/>lghy,!, o€, )24*

xifsflg)! 10)1-2*boel -€, bsFljoefqfoefoulxifoluls!t/IUijtinfbotluibulg ufoetiup!sfwfsulup!jut!
1poh.svolfrvjijcsijvnirfwfi-lg!xjui N fbo.sfwfstjpo!sbufir/

Ui ftflibttvnqujpotieftdsjcfib!tdfobsjpluibu!jt!diptFlup!bolbscjusbhf;!Qptjujpot! Ftubcnjtifelgbs!
gspn!Frvjncsivn!ibwFbwFsz!tnbmlgspcbejijuz!pgnpttiboe!ijhinzibtzn nfusjd!hbjoptt!gspgjrft/!
Jojujbmz-1xFleplopu'bmpx!ui Fibhfoulup!lopx'bozuijohlbcpvului flezobnjdt/!Uibuljt-lui fibhfou!
epftiopulopx!A-lo-IpsifwFoluibultpnflezobnjdt!pg!Frvbujpo!24!bsFiwbnje/!U i fFibhfoulbrtplepft!
opulopx!ui fsflbsflusbejoh!dptut/! XFjnqgptfibltgsfbe!dptu!pg'pofiujdligFsiusbef/lglui Flcjebpggfs!
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tgstbe!xfsfifrvomupluxplujdIt-lui foluijtigspgpsujpobndptulxpvieldpssFtgpoeluplui Fitnjggbht!
jodvssfelcz!bo!bhhsfttjwFlgimuibu'dspttftiui fitgsfoelup!FyFdvuf/! I fodf-
! TgstbeDptu)do*!>IUjdITj{F!,}o0}/! )25*

Beejujpobmz-Ixflbttvnflui fsFljtiblufngpsbsz!gsjdfjngbdulxjui!bhjofbs!gvodujpobnigpsn;!Fbdi!
spvoelhpulusbefe!jtibttvnfelup!npwflui fligsjdfpoflujdl-li FodFirfbejoh!up!blepmbs!dptu

! 60, /2'Ujd I Tj{FOMpuTj{F! )26*
gfs'tibsflusbefe-lgps!blupubnepmbs!dptulgps!bm!tibsft

! INgbduDptu)do*!>1)60*1@1Ujd I Ti{FOMpuTj{F/! )27*
Uphfui fslui flupubnlusbejoh!dptuljt!hjwfolcz

! Dptu)do*!>INvujgnFsldN\TqsFoeDptu)do*!, ingbduDptu)do**/! )28*

Uijtigvodujpobrlgpsn!nbudi Ftiui flu.dptulbttvnqujpot!pg'Binhsfolboe!Disjtt!)2: - - */\olgbdu-!
ui FIBinhsfoeDisjttinpefilpg pgujnblfyfdvujpoldbolcfirfbsofe!cz!bo!SMIbhfou-tjnjibsluplui !
PsotufjodVinfocftdllusbejoh!npefilejtdvttfe!i fsf/

Ui fltubufiwbsjberflbulujnflu-
! tu!>!)qu'ou92*'! )29*

dpotjtut!pglui FldvssFoulbttfu!gsjdf-Iq,-lboelui Fibhfoult!qptjujpoljo!t i bsFt-10,.-!bului Ftubsu!
pglui Figfsjpe/

Bt!b!gsppg!pgldpodfqulboeljolui Flitgjsju!pg! Fy ibvtujohlui Fitjngrftu!nfui pelgjstu-!Sjuufs!)3128*!
usbjofe!blubcvibs!R.ifbsofs!Xjuii!o,,,!>!218lusbjojoh!tufqt!boe!ui Folfworvbufelui fltztufn!po!
6-111lofx!tbnagrft!pglui Fltupdibtujd!gspdFttFFEXhibit 1/

Ui ftfisftviuthppl!fodpvsbhjoh/IXFitjnvibufe!b!tingrflezobnjd!x i fsfjo!xf! lopx!ui Fsfljt!bo!
bscjusbhf-bobrphpvtiup!b!hbnfix i fsfjuljtibduvbmz!gpttjcrflup!xjo/iUi finbdijoflui folrfbsot!
up!gnbzluijtthbnflboelefwhpgt!blgspgjubcrf!tusbufhz/! I px!xfmleje!ui FibhToulsFbmz!rFbso@!Up!
gioelui flbotxfs!xFflfybnjofibldsptt.tFfdujpo!pgljutiiFbsofe!bdujpo.wonvFigvodujpo! #-blejbhoptujd!
uibulsfwfbrt!opu!ponz!x i fui Fslui Flbhfoulgspgjut!cvulbrtp!i px!juld i pptFtibdujpot!bdsptt!ejggfsfou!
tubuft/!UijtlefFqgfsibobnztjt! i figtivtinpwflcfzpoe!qgfsgpsnbodFlup! fwbimvbuflui Flrvimjuz!boe!
stmjbcjnjuz!pglui FinFbsofe!gpndz!) tFFExhibit 2%/

Ui finbjo!xfbloftt!pglui Flubcvibs!nfui pe!jtiuibuljulFtujnbuft!Fodi ! frFnfou
! B)t-b*! )2:*

joljtprbujpo-!Xjui pvulboz!tnppuijoh!bdsptt!iofjhi cpsjoh!tubuft!psiboz!joi fsfouldpoujovijuz/!
Joluijtifybnarf-lui Flpqujnbnbdujpo!di pjdfifyijcjut!blobuvsbiinpopupojdjuz-!xijdi!xFflopx!
eftdsjcTjouvjujwinz/

Jglui FldvssFoul i prejohljt!i!>!1!boelgpsitpnTlgsjdfiq!=!gui Flpqujnbnbdujpoljtiup!cvz!211!tibsft-!
uifolgpsiboz!npxFs!gsjdf!q’ < g-lui Fipqujnbrbdujpo!ti pwvie!cflup!cvz!bulrfotu!211!tibsFt/!Bt!
Fyijcju!3!jmvtusbuft-li pxfwfs!gpsibshf!gsjdFt-lui FlubcvibsiwbnvFlgvodujpo!pgufo!ptdjmbuft!
cfuxftfolejgfsfoulefdjtjpot-wjprbujohluijtinpopupojdjuz/!Uijt!cFibwjps!sFyfdut! Ftujnbujpo!
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Fyijcju'2/!Ubcwvibs!R.MFbsofs!xjui!218Usbjojoh! Tufqt-!IFwbnvbufe!
po!6-111'0Ffx!Tonanft

Simulated Net P/L over 5,000 Out-of-Sample Periods
4F,17 4

3f,17 A

P/L

21,17 A

17,11 A

1 2-111 3-111 4-111 5-111 6-111
Time Periods

Opuft;!Uijt!fyijcjulvtftitjinvibufelebub/!QOM! tuboet!gps!gspgjudnptt/

fsspslboe!jodpngrfufldpowfshfodf-fwFo!bgufsinjmjpot!pgjufsbujpot/!U i FlubcwibsiwbnvFlgvodujpo!
brtp!lufoetiup!dpmbgtFlup!blusjwjbrigpsn!jolui Flgbs.rfoulubjnicFdbvtFlui ptfitubuftibsFisbstiz!wjtjufe!
evsjohlusbjojoh/

Bmlui FtfjttvFtitufnlgspniui FitbNnFlgvoebnfoubnjnjubujpo;lui FivtF pglblgjojuf-lubcvibs!tubuf!
tgbdf/!NFfuipetiuibulsfnz!polejtdsfuj{joh!ui fltubuFtgbdfjofwjubcrz!csFbllepxo!btlejnfotjpo.
bnjuz!jodsFbtFt/!Gps!IFybnagrf-ljglui FltubufiwFdups!jodive fe!21wbsjbenft-!Fhdilubljoh!211!gpttjcrf!
whnvFt-lui Flovncfs!pg!gbsbnfufstlup! Ftujnbuf!xpwvre!sfbd i ljouplui Ficjmjpot/!Ui Fitpmvujpolup!
uijtldvstfpglejnTotjpohmjuz!jtiup!npwflctzpoelubcvibs!nfui pet'boelbepquldpoujovpvt!tubuf!
tgbdft!xjuilgvodujpolbgqgspyjnbujpoljo!SM/Nolui FlofyultFdujpo-IxFjmvtusbufluijtibggspbdi!xjui!
b!dpodsfuf!fybnagnf/

Option Hedging with Transaction Costs
Xflopx!dpotjefsibopui Fslgspcrfn!pgljoufsftuluplusbefst;! i Fehjoh!bo!pqujpo!qptjujpo/!Gps!dibsjuz-!

xFlgpdvt!polui FitjngrftulgpttjcrfldbtFOb!Fvspgfbo!dbm!pqujpo!>jui!tusj I FIL!boe!fyqgjsz!U!po!
blopo.ejwjefoe.qbzjoh!tupd I/ XF!tfului FtusjIFlboe!nbuvsjuz!bt!' fyphfopvt!dpotubout!boe-lgps!
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Fyijcju!3/WonvFiGvodujpolql—IBN) 1-Ig*-Ib -1 X i FsFIBtIFtujnbufe!
czlui flUbcwvibsINfuipe

Tabular Q-Learning Value Function

5-111 A

L]
3-111 ~
@ 1 A
£3-111 -

° L]
o111 . . . .
1 36 61 86 211
Price
Action

® 5211 5311 o1 211 e 311

tinagnjdjuz-!bttvnfiblsjtl.gsFFisbufipg!{Fsp/!IXFlusbjo!ui FibhFoulup!i FehFluijt!tgfdjgjd'pqujpo!xjui!
jut!hjwFo'tusjIflboe!nbuvsjuz-sbui Fsluibolufbd ijoh!julup!i FehFlpqujpot!xjuilbscjusbsz!gbsbnfufst/

Up!i fehflblFvspgfbo!pqujpo-lui Fitubufinvtulbunfbtuldpoubjo!ui FldvssFoulgsjdf-IT,-!pglui !
voefsizjohdui flujn FisFnbjojohlup!fyqjsz-

! t;>Ulglul 211« )31*
boe!pvs!dvssFoulgptjujpo!pglo'tibsFt!jolui Flvoefsjfy!Ui Fltubuf!jtiui vtiobuvsbmz!bo!firfFnfou!pg
! S =R*xZ=|)T-1-0*} >1-t>1-0€ Z~/! )32*

XFIfngibtj{fluibului fltubuflepftlopuloffelup!dpoubjolui Fipqujpo!HsFFlt-IcFdbvtflui Ftfrvbo.
ujujFt!bsFloporjofbslgvodujpot!pglui Ftubufwbsjberft!bisfbez!bwbjrberfluplui FibhFou/! XX F! fyqfdu!
bhfoutluprfbso!tvdilopornjofbsigvodujpot!polui fjsipxo!btloffefe/lUijtibqgspbdi!ibtiui flbewbo.
ubhFlpglopulsFrvjsjoh!boz!npefi.cbtfe!dbrdvibujpot/!Gjstu-IxFldpotjefsib!Pysjdujporftth!xpsie!
)j/Fl-1xjui pvulusbejoh!dptut*iboe!btl!x i fui fsljuljtigpttjerflgpsibinbdijoflupinFbso!x i bulxFlufbdi!
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tuvefout!jolui fjslgjstultFn Ftufs!pglcvtjofttitdippn;luiflezobnjd!sFandbujoh!qpsugpnjp!tusbufhz/!
VornjIflpvsituvefout-lui Finbdijofldbonfbso!ponz!cz!pctfswjoh!boe!joufsbdujoh!xjui!ui Fifowjspo.
nfou-!Xjui pvulboz! fyqrjdjuljotusvdujpo/
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NATURAL LANGUAGE PROCESSING
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Introduction

Obuvshntbohvbhflgspdfttjoh!)OMQ*! ibt!cfdpnfblgpvoebujpobniufdiopnphz!jolgjobodjbribobnztjt!
boe!jowftunftoulefdjtjpo!nbljoh/!Btinpefsolgjobodjbntnbslfut'bsfjodsfbtjohiz!tibgfe!czui f!
gnpx!pglvotusvduvsTelufyuvbijogpsnbujpoCgspn!fbsojoht!dbmt!boe!sFhvibupszigjijohtiuplofxt!
bsujdrft!boe!tpdjbnnfejbOjowFtupstiboelbobnztut!gbdflhspxjoh!gsFttvsflup!tztufnbujdbmz!
gspdftt-ljoufsqsfu-'boe!bdu!polui fFtflebub/

Bului fltbnflujnf-hbshfiibohvbhflinpefrit )MMNt* i bwFlvti FsFeljolblgbsbejhn!tijguljo! i px!ufyuvbn!
ebub!dbo!cTlbobnz{fe/\Ui FtfinpefntOusbjofe!powbtu!dpsgpsh!pgiufyuOdbo!gfsgpsn!b!xjefisbohf!
pglubtlt!xjui!njojnbntvgfswjtjpo-ljodivejoh!rvftujpolbotxfsjoh-ltvinnbsj{bujpo-!dibttjgjdbujpo-!
boe!foujuz!fyusbdujpo/Ui Fjsbcjnjuz!up!hfofshij{flibdspttiubtitiboelepnbjot!ibt!nbeflui fN!gbs.
ujdvnbsnz!buusbdujwFlgps!giobodjbnbqanjdbujpot-Ix i fsFlcFtgp I flebub!boehjnjufelusbjojohhbcfit!
pgufo!ijoefsiui fivtFipgidpowFoujpobntvgfswjtFenfbsojoh!bqgspbdi ft/

Uijtidibqufs!FygnpsFtiui Fifwpmwjoh!sprflpg!OMQ!jolgjobodF-Ixjui !b!gbsujdvibsiFnqibtjt!polui !
usbotgpsnbujwfljngbdu!pgMMNt/Ubshvlu i bului FlgrFyjcjnjuz-'tdbnbcijnjuz-lboe!bebqubcjnjuz!pgMMN t!
ibwfpgfofelvglofx!gspoujfstigps'bobnz{joh!gjobodjbnufyu-Ifoberjoh!cpui'ejtdsfujpobsz!boel!tzt.
ufFnbujdljowftupstiup!fyusbduljotjh iutluibulxfsFlgsfwjpvtnz!jobddfttjcrf/!Ui Fljoufhsbujpo!pglui Ff!
npefit/jouplgjobodjbonxpslgipxt-!i pxfwfs!brtpljouspevdftiofx!dibmfohftisfibufeluplusvtu-!
fwbivbujpo-ljogsbtusvduvst-boe!sFhvibujpo/!Ui FitFdujpot!ui bulgpmpx<!usbdflui FluFd i ojdbn fwpnvujpo!
pglOMQ!Nful pet-Ifybnjoflui fldbgbcjnjujftiboehjnjubujpot!pghfofsbujwflinpefit-boe!ijhinjhiul
ui Finptulsfrfwbou'bqqgrjdbujpot-isjtt-boelgvuvstlejsFdujpotigps!giobodjbnigspgfttjpobnt/

Evolution of NLP Techniques

Buipvhilupebzit!MMNt!pggfsigrfyjcrfiboe!ijhi.gfsgpsnjohltpmvujpotigpsibixjefisbohf!pglufyu.
chtfelubtlt-luifislefwhipgnfoulibt!cffolcvjulvgpolefdbeft!pglgsphsftt!jolui Flgjfie!pg!OMQ!
Voefstuboejoh!lui flijtupsjdbnfwpnvujpo!pg! OMQ!N Fui pet!jtiwbivbenflopu!ponz!gpsibggstdjbu.
johlipxlui Flgjfie!bssjwFe!buljut!dvssFouldbgbcjnjujFt!cvulbrtplgps!je Foujgzjoh!vtFldbtFt!x i fsF!
tjingrfs!npsfldpnagvubujpobmz!FygjdjFoulufd i ojrvFtinbz!tujmcflbqgspgsjbuf/o!nboz!gjobodjbn!
bqanjdbujpot-!dibttjdbnOMQ!lupprt!sFnbjo!sfifwboulboe!dptu. FggFdujwF! i Folijhi!gsFejdujwf!
bddvsbhdz!pshjohvjtujdlovbodf!jtlopu! FttFoujbn/

Dpngvufst!dboopulobuvsbmz!joufsgsfullbohvbhfljolui fltbnfixbz!ui fz!iboernf!tusvduvsfe-lovnfs.
jdbnlebub/!Bt!b!sFtviu-1fhsizlOMQ! Fogpsut!gpdvtFe!po!dpowFsujoh!ufyuvbnjogpsnbujpoljouplovinfsjdbn!
sFgsftfoubujpot!tvjubcrflgpsinpefijoh/!PwFsiuinf-Infui pet!ibwFlfwpmwFelgspnlusfbujohhbohvbhf!
bt!vopsefsfeldpmfdujpot!pgixpsetiup!npsfitpqijtujdbufe!bqgspbdi ftidbgberf!pgldbquvsjoh!
tzouby-'tFnboujdt-lboe!fwfo!gsbhnbujd!nfbojoh/
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Svif.Cbtfe!boe!Ejdujpobsz!Bgqspbdi ft

Ui fifbsjftulOMQlufdiojrvft-lebujoh!cbdlluplui 12 61t-Ixfsflcbtfelpo!swif.cbtfe!tztufnt!boe!
iboe.dsbgufe!ejdujpobsjft/IUi Ftfbqqgspbdi ftljowpmwFe!qgsfefgjofe!xpsehjtut'bttpdjbufe!xjui!
gbsujdvnbsidbufhpsjft-ltvdi!bt!tFoujn fou-'Fnpujpo-psitvckfdulnbuufy!Gps! fybnagnf-b!tfou;.
nfoulejdujpobsz!njhiuldibttjgz!PFydfmFoup!Pgspgjup!ps!iPhspxuiplbtigptjujwilufsnt-IxijifPipttp!
Pefdijofp!ps!Psjtplxpvielcthbctifelofhbujwf/!Bolbobnztu!dpvrelui folrvboujgz!ui fitFoujnfou!
pg'blepdvnfoulcz!dpvoujohlui flovncFsipglgptjujwfboelofhbujwf!xpset!juldpoubjofe/

Up!jmvtusbuf-ldpotjefsibltingrf! fybnagif/'Tvqqptfib!tFoufodFisfbet-PUi Fldpngboz!sfgpsufe!
tuspoh!sfwFovflhspxuilcvulopufeljodsfhtfeltvqarz!dibjolsjtIth!Vtjoh!b!cbtjd!tFoujnfou!
ejdujpobsz-luijt!'tFfoufodf njhiulsFhjtufsicpui!gptjujwF!)f/h/-!Ptuspohf!Phspxuip*boelofh.
bujwf)f/h/-1Psjtlth*Ixpset-Ixjuilui Flgjobndibttjgjdbujpolefgfoejoh!polui fjsisfibujwf!ldpvout/!

Ui ftfinfuipet!xfsfljouvjujwFlboe! fhtzlup!jngrfnfou-lcvului fzIdbnFixjui l'tvctuboujbn!
njNjubujpot;

o/ Mbdl!pg'dpoufyu;!Ejdujpobsz!nfuipetljhopsflui fitvsspvoejoh!dpoufyulpgxpset/!
Gps'jotubodf-lui fzluzgjdbmz!gbjnup!bddpvoulgpsloFhbujpot!)Populgspgjubcrfh*psinpejgjFst!
)Pcbstiz!gspgjubcrfh*-Irfbejohlup!njtdibttjgjdbujpo/

o/ Qprztfnz!boe!bncjhvjuz; Xpset!xjui!'Nnvijgrfinfbojoht-ltvdi!bt!PjoufsFtup!)ipboljoufsftul
wfstvt!gfstpobnjoufsftu*-IbsFlusFbufelvojgpsninz-!pgufoljouspevdjohlopjtfljoup!bobrztjt/

o Frvbnxfijhiujoh;'Bmxpset!jolui Flejdujpobsz!bsFlusFbufe!bt! Frvbmz!jogpsnbujwf-lgbjrjohlup!
dbquvsTljoufotjuz!ejggfsFfodFtOgps! Fybnanf-1Phppeplboe!Phsthbup!nbz!cpui!cFldibttjgjfe!bt!
gptjujwf-leftgjuflejyfsjoh!jo!tusfohui/

o' TvckFdujwjuz!jo!xpse!tfifdujpo;!Nbovbmz!bttjhojoh!xpsetiup!dbufhpsjft!idbo!sFgfdul i vnbo!
cjbt'boelepnbjoljotfotjujwjuz/

Ui ftfhjnjubujpot!cfdbnfigbsujdvibsiz!bggbsfou!jolgjobodjbnbqarjdbujpot/!Hfofsbn.qvsqptFitfo.
uinfou'ejdujpobsjFtiefwipgfelgpsidpotvnTsigspevdulstwjfxt!pslofxt!bsujdrft!pgufo!gfsgpsnte!
qgppsiz!xifolbggnjfelup!gjobodjbrlepdvinfout/!Gps!jotubodF-lui Fixxpse!Pijbcjjuzplnbz!cFlofhbujwT!
jolfwFszebzlbohvbhf-lcvuljo!bddpvoujoh-ljuljtiblofvusbhnlufdi ojdbnlufsn/!STdphoj{johluijt!jttvf-!
Mpvhisbo!boe!NdEpobne!)3122*hobnz{fe!dpn npol!gjobodjbrlufyut'boe!gpvoe!uibulbggspyjnbufiz!
uxp.uijset!pgixpsetidibttjgjfe!bt'ofhbujwf!cz!tuboebse!ejdujpobsjftixFsflopu!bduvbmz!ofhbujwf!jo!
blgjobodjbnidpoufyu/iUp!beesfttiuijt-lui fzljouspevdfelui FIPMpvhisbo6NdEpobre!Nbtufs!Ejdujpobsz!
X0TFoujnFou Xpse!Mjtuth!tgFdjgjdbmz!ubjipsFe!gpsigjobodjbrbobnztjt/!U i jtlefwfipgnTou!nbslfe!b!
uvsojoh!gpjouljolepnbjo.tgfdjgjd!OMQ!boe!ijhinjhiufe!ui fjngpsubodFipgldpoufyu.bxbsFluppnt/

Tubujtujdbnboe!Dpvou.Cbtfe!Nfuipet

Up!beesfttiui fijnjubujpot!pgisvif.cbtfelboelejdujpobsz!bgqgspbdi ft-lui flofyulqibtfljo!OMQ!
jowpmwFelsFgsFtfoujoh!ufyuvbnebub!jo!tusvduvsfe-Itubujtujdbnigpsnbutiuibu!dpvre!cflbobnz{fe!vtjoh!
usbejujpobnnbdijofhfbsojoh!npefit/!Uijtibqgspbdildfoufst!polui Flepdvnfoubufsn!nbusjy-!
xifsFifbdilspx!sfgsFtfout!blepdvnfoul)tvdi!bt!blofxt!bsujdif!ps!fbsojoht!dbm*!boe!fbdi!
dpmvnol!dpssfFtgpoetiup!blvojrvTixpse-Ipslufsn-ljolui Fldpsqvt/IUi FifousjFt!joluijt!nbusjy!'joejdbuf!
ui FlgsFrvfodz!xjui'xijdi!fbdi!xpse!bgqgfbst!jo!fbdi!epdvnfou/

UijtisFgsftfoubujpo!foberft!xpsetiup!cfbttjhofe!xfjhiut!cz!b!tubujtujdbn npefr-isbui Fsluibo!
sfizjoh!po!gsfefgjofelejdujpobszhbctit/Uo! FogFdu-lui Finpefinfbsot!lui Fisfibujpotijq!cfuxffo!

128! o DGBlotujuvuf!SFtfbsdi!Gpvoebujpo



ObuvshnMbohvbhf!Qspdfttjoh

xpset!boe!bo!pvudpnfiwbsjberfOtvdilbt!tupdl!sfuvsot!ps!tfoujnfouhbcfitOcbtfe!po!pctfswfe!
dp.pddvssfodfigbuufsot-bmpxjohlgps!ib!npsflebub.esjwfolvoefstuboejoh!pgiibohvbhf/

Up!jmvtusbuf-ldpotjefsluxplepdvnfout;

o EpdvnTou!B;!PUi fldpngboz!sfgpsufe!tuspoh!fbsojohth
o  EpdvnfoulC;'PUifldpngboz!ghdfe!xFbl!fbsojohth

Blepdvnfoubufsn!nbusjy!xpwvne!sfgsttfoului Ftfbtigpmpxt!)tjnagnjgjfelgps!dibsjuz*;

Company Reported Strong Earnings Faced Weak
EpdvnTfou'B 2 2 2 2 1 1
Epdvnfou!C 2 1 1 2 2 2

Ui ftfldpvoulwfdupst!dbolui folcFlvtfelbtljoqvutiup!tuboebse!dibttjgjfst-ItvdibthphjtujdisFhsft.
tjpo!ps'objwFICbzft-1fobcrnjoh! fnqjsjdbnFtujnbujpo!pg'xijdi!xpset'bsFibttpdjbufe!xjui!lgptjujwf!
pstofhbujwflpvudpnft/

Uijtibggspbdi!jouspevdftiofx!dibmfohft-li pxfwfs!jodivejohlejnfotjpobnjuz!boe!tgbstjuz;!
Btlui flwpdbcwvibsz! ti{fjodsFbtFtOgbsujdvibsiz!jo!gjobodjbnufyulx i fsFlepnbjo. tqfdjgjdlufsnjopn.
phzljtibcvoebouOui flepdvnfoubufsn!nbusjylcfdpnftlijhi.ejnfotjpobiboe!tgbst /Ui buljt-!
nptulfousjFtibsFi{fsp!cfdbvtflboz!hjwfolepdvnfouldpoubjot!ponz!bltnbm!tvctfulpglui Flupubn
wpdbcwvibsz/!Uijt'tgbstjuz!dbolsfevdfnpefilgfsgpsnbodfboeljodsfbtfldpngvubujpobnicvsefo/

Up!njujhbufluijtiesbxcbdl-!gsbdujujpofst!pgufolbggnz!ufyulgsFgspdfttjohlufdiojrvft-ljodivejoh!
ui Flgpmpxjoh;

o/ Tupgxpse!sfnpwbrn;!Dpnnpo-lopojogpsnbujwfixpset-ltvdi!bt!Pui FH!Pboep!boe!Ppgp!
bsflsFnpwfe/

o/ Tufnnjoh!boelfn Nnbuj{bujpo;'>Xpset!bsfisFevdfeluplui fisicbtflpsisppulgpsnt/IGpsifybnarnf-!
Psvoojohf!Pshoplboe!Psvoth!nbz!bm cFlsFevdfelup!Psvohjnqgspwjohldpotjtufodz!boe!sfevdjoh!
ejnfotjpobnjuz/

o/ UGBIEG!xfjhiujoh;lolsbx!dpvou.cbtfe!nbusjdft-ldpnnpo!xpsetiepnjobuf/iUplbeesfttiuijt!
gspcrfn-lufsnlgsFrvfodzejowfstflepdvnfoulgsFrvfodz!)UGBIEG* < FjhiujohljtivtFe/!UGBIEG!
epxoxfijhiut!xpsetluibulbgqfbsigsFrvfounz!bdsptt!bmepdvinfout!)tvdi'bt!/Pdpngbozp*boe!
vgxTjhiutixpsetiuibulbsfinpsfivojrvflup!b!tgfdjgjdlepdvnfou-lifigjoh!ijhinjhiulejtdsjnjob.
uwFluFsnt/

Eftgjuflui ftfisfgjofnfout-ldpvoulwFdupsocbtfe!nfui pet!tujm i bwf!tjhojgjdbouljnjubujpot;

o Opldpoufyulps!psefsjoh;!Xpse!psefs!jtijhopsfe-Inbljohljuljngpttjcrflup'ejtujohvjti!cfuxffo!
Populgspgjubcrfblboe!Pgspgjuberfp!U i jtigFbuvsEijnjutiui Finpefiit!bejrjuz!up!dbquvsTlofhbujpo!
boe!pui fsldpoufyuvbnnpejgjfst/

o Op'tFnboujdisfibujpotijgt;!Fbdi!xpse!jtiusFbufe!bt!bo!joefgfoefouluplfo-!Xjuilop!sFdph.
ojujpo!pgltzopoznz!ps!boupoznz/'Gpsljotubodf-Phppeplboe!PhsFhup!bsFlop!npsFitjnjibsluibo!
Phppep!boe!PufssjcripljoluijtisFgsFtfoubujpo/
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Ui ftflesbxchdlt'npujwbufelui Flefwipgnfou!pgnpsf.bewbodfe!npefrtiuibuldbo!dbquvsFidpo.
ufyuvbnlboe!tFnboujd!nfbojoh!jolbohvbhf-IxijdilbsFlejtdvttfe!jolui Figpmpxjoh!tfdujpot/

OfvshiNpefit!lboe! Xpse!Fncfeejoht

Ui flufdiojrvftiejtdvttfeluivtigbsigpdvt!polsFqsFtfoujohlufyuljoltusvduvsfelgpsnbutiuibuldbo!
cflivtfelbtljogvutluplusbejujpobninbdijofinfbsojoh!npefit/!Ui ftfisFfgsFtfoubujpotOxifui fs!
cbtfelpo!xpseldpvout!psiufsnlgsFrvfodz!xfjhiujohOusfbulxpset!bt!joefgfoefoulboeleplopu!
buufnqulup!dbquvsflui fivoefsizjoh!sfibujpotijgtibnpohlui fn/!Buipvhilvtfyviigps!nboz!ubtlt-!
ui FtFinpefrtigom'tipsuljolui fjsibcjrjuz!up'voefstuboehbohvbhfljolbleffgfs!tFnboujd'tfotf/

Btinbdijofinfbsojoh!npefit!boe!dpnqgvubujpobngpxfsibewbodfe-IOMQ!tijgufelyspn!nfsfiz!
sfqsftfoujohlufyulup!rfbsojohlgspn!ufyu/!Sbui fslui bo!nbovbmz!dsbgujohlgfbuvstt!psidpvoujoh!xpse!
pddvssfodft-lnpefiticfhbol!vtjoh!ofvsbnlofuxpsltiupnfbso!sfibujpotijgt!icfuxffolxpset!ejsfdunz!
gspnbshfldpsqpsb!pgiufyu/iUijtigspdftt!jtiuzgjdbmziepofluispvhiltfnjtvgfswjtferfbsojoh;!

Ui finpefiljtlusbjofe!polbltjngrfigsfejdujpolubtl-ltvdilbt!gsfejdujoh!b!njttjoh!xpselcbtfe!po!
jut'tvsspvoejoh!dpoufyu/ljolepjoh!tp-lui finpefilefwipqt!boljoufsobnsFgsFtfoubujpo!pg!xpse!
NfTbojohOsfyfssFelup!bt!xpse!lfncfeejoht/

B!xpselfncfeejoh!jtiblijhi.ejnfotjpobnwfdupsiuibu!fodpeft!itFnboujdjogpsnbujpolbcpvulb!
xpse/!Xpsetluibulbqqfbsljo!'tjnjibsidpoufyutiufoelup! ibwfltjnjibsifncfeejoht/!Poflpglui finptu!
xfm. lopxo'bqqgspbdi ftigpsthfofsbujoh!xpse!Fncfeejoht!jt!>Xpse3Wfd-jouspevdfe!cz!Njlpnpw-!
Tvutlfwfs!Difo-'Dpssbep-boe!Efho!)3124*/1Xpse3WFd!jtlusbjofe!po!tvdilubtit!ibtlui Figpmpxjoh;

o Dpoujovpvt!cbh!pgxpset;!Qsfejdulb!xpse!cbtfe!poljutitvsspvoejoh!dpoufyu!
Y¥/h/-thjwFo!PUi Fldpngboz\Mtuspoh!fbsojohtplgsFejdulPsFqpsufep*/

o Tljg.hsbn;!QsFejdultvsspvoejoh!xpset!hjwFo!b!dfousbnxpse/

Uispvhilusbjojoh-lui flinpefinfbsotiup!bttpdjbuf!fodi!xpse!jolui Flwpdbcvibsz!xjui!blefotfiwfdups!
pglsfhniovncfst/lUi fFtflwFdupst!idbquvsTinfbojohgvilnjohvjtujd!sfibujpotijgt/!Gpsifybnanf-!
dpotjefsiui flighnpvt!bobiphz!gspn!Njlpnpw!fulbn/)3124*;

widups)Pljohp*I6lwFdups)Pnbop*! , wFdups)Pxpnbop* =wfdups)Prvfop*/

Julefnpotusbuft!i px!bsjui Nnfujd'pgfsbujpot!po!xpse!fncfeejoht!dbo!sfwfbnlnbufou!tFnboujd!
tusvduvsF/IXibuluijtithzt!jtluibuljg!><Flub IFlui Fixpse!Fncfeejohlgspn!Pljohpltvcusbdului bulwfdups!
Xjuilui FlwFdups!pglui Fixxpse!fncfeejoh!pgPnboflboelbeelui FiwFdups!gps!Pxpnbof!julxjm cF!
npsfltjinjibsluplui Fixxpse!fncfeejoh!gps!Prvifop!jmvtusbujohlui FitFnboujd!nfbojohifncfeefe!
jolui Fefixpselwfdupst/

Ui flipvugvulpglblnpefiltvdi bt Xpse3WFd!jt!bo!lfncfeejoh!nbusjy-> i fsFlfodi!spx!dpssFtgpoet!
up!b!xpseljolui Flwpdbcvibsz!boe!fbdi!dpnvnolsFgsFtfout!birfbsofe!gFouvsTpglui Fixxpse/!

Ui ftfifncfeejoht!dbolui folcflivtfelbt!joqvutiuplepxotusFbn!npefit!)j/f/-inpefntitgfdjbn{.
johljo!b!tgfdjgjdlubtI*igps!dibttjgjdbujpo-ldivtufsjoh-IpsisFhsFttjpolubt1tOpggfsjoh!b!npsfldpn.
gbdulboe!tfnboujdbmz!sjd i !sFqsFtFoubujpo!stibujwflup!ui FltgbstFldpvoulwFdupst'ejtdvttfeljo!

ui Flgsfwjpvtitfdujpo/

Ui ftfinfuipet!tujm i bwFhjnjubujpot-li pxfwfs!tvdibt!tubujdFncfeejoht;!Podflusbjofe-!
fhdi!xpse!ibt!b!tjohnflgjyfe!fFncfeejoh-IsFhbserftt!pg'dpoufyu/!Ui jtitjuvbujpo!dsfbuft!

130! o DGBlotujuvuf!SFtfbsdi!Gpvoebujpo



ObuvshnMbohvbhf!Qspdfttjoh

gspcrfntlgpsixpset!xjui!nvijgrfinfbojoht/!Gpsljotubodf-!dpotjefslui Fixpse!Pqptjujpop!
joluxplgjobodjbnidpoufyut;

o/ PUITlgvoeljodstbtfe!jut!gptjujpoljo!Baqrfh
o PUIFlusbefsibddfqufe!blofx!gptjujpo'bului Flgisnp

Jolcpui!dbtft-lui FitbnfixpsewFdups!ixpwvielcFlvtfe-IfwFolui pvhi!Pgptjujpop!sFgfstiup!bo!
jowFtunfouljo!pofldbtfiboe!bkpclujurfjolui Flpui Y

Up!beesfttiuijtljttvf-IsfFtfbsdi fstljouspevdfelsfdvssfoulofvsbnofuxpslt)SOOt*uibulgspdftt!
tfrvfodft!pgxpset!jo!psefsibmpxjohinpefitiup!hfofsbufldpoufyuvbnfncfeejohtOxpse!lsfq.
sttfoubujpotiuibuldibohflefgfoejoh!po!tvsspvoejoh!xpset/IUxp!xjefizivtfelbsdijufduvsft!
joluijtigbnijnz!bsflui Finpoh!tipsu.ufsn!nfnpsz!)MTUN* ofuxpsl!boelui fihbufelsfdvssfoulvoju/!

Ui ftfinpefitistbe!b!tFoufodfipofixpse!bulblujnfliboe!sfubjo!b!Nnfnpsz!pglui FigsFdfejoh!xpset-!
fobcnjohlui Fnlup'hfofsbufisjdi fs!dpoufyu.bxbsFlsFgsFtFoubujpot/

Buipvhiltfrvfoujomnpefititvdi!bt!MTUN!ofuxpsltljngspwfelgfsgpsnbodflpo!nboz!OMQlubt I t-!
ui fz!bntpljouspevdfelofx!dibmfohft;

o Dpnqvubujpobrljofygjdjfodz;!Qspdfttjoh!xpset!pofibulblujnfinjnjutiqgbsbmfj{bujpo!boe!
jodsFhtft!jogFsFodFlujnT)j/F/-li pxhpohljulub I Ftib!npefilup!pvugvulgsfejdujpot!ps!
fncfeejoht*/

o' Vojejsfdujpobrldpoufyu;' Tuboebse!MTUN!ofuxpsltiuzgjdbmz!sfbe!ufyu!jo!poflejsFdujpoOvtvbmz!
rFgulup!sjihiuO'tplui Fz!dbo!dpoejujpo!ponz!po!gsfwjpvtixpset!boe!opu!polgvuvsTlidpoufyu/

Ui ftfjnjubujpot!gbwfelui Fixbz!gpslui Flofyu!nbkps!csFbluispvhiljo!OMQ;!ui Flusbotgpsnfsibsdij.
ufduvst-Ixijdi!foberftinpsFifggjdjFoulboe!grfyjcrflnpefijoh!pglufyulxjuilgvmidpoufyulbxbsfoftt/!
Uijtlefwiipgnfouljt!' Fygnpsfe!jolui Fligpmpxjoh!tfdujpo/

Ui FlUsbotgpsn fs!STwpnvujpo

Ui fljouspevdujpo!pglui Flusbotgpsnfsibsdi jufduvsT-Igspgptfe!czWhtxboj-I T b{ffs!Qbsnbs!
Vt{lpsTju-Kpoft-'HpnT{-ILbjtfs!boe!QpiptvI ijo!)3128*ljolui Fiboenbsl!gbqgfs!PBuufoujpolit!
Bmlizpv!Offep!nbslfe!bluvsojoh!gpjouljo!OMQ!efwinpgn fou/!Ui Flusbotgpsnfslopulponz!pvugfs.
gpsnfelgsjpsinpefit!ibdsptt!b!xjefishohf!pg!OMQ!cfod i nbslt!cvulbrtp!cfdbnflui Flgpvoebujpobr!
bsdijufduvsfigps!bmnpefsoMMNt-ljodivejoh!CFSU-IHQU-'boelui fjsitvddFttpst/

Bui pvhilui flusbotgpsnfsljtiblofvsbilofuxpsijlflui ptflejtdvttfeljolui figsfwjpvt!tfdujpo-!
julefgbsut!'tjhojgjdbounz!gspn!fbsijFsitFrvfoujbnnpefititvdilbt!SOOt!boe!MTUN!ofuxpslt/!
UplvoeTstuboeljutljngbdulboe! i px!julejggfstigspn!gbtulbsd i jufduvsTt-luijtitfdujpolgsFtfout!b!
ijhi.fwinldpodfquvbnpwfswjfx!pglui flusbotgpsn fsibsd i jufduvstiboeljutiuxp! 1 fzljoopwbujpot;!
tfg.buufoujpo!boe!fodpefsdefdpefsitfqbsbujpo/

Self-Attention: Capturing Relationships Across Text

Bului fldpsf!pglui Flusbotgpsnfs!jtiui fitfng. buufoujpo!nfdibojtn-Ixijdi!bmpxtiui Finpefilup!dpo.
tjefslui Fisfibujpotijg!cfuxFfolbm xpset!)psiup Ifot*jo!blhjwfo!joqvultFrvTodf-Isfhbserftt!pg!

ui Fjs!gptjujpo/loldpousbtulup!MTUN!ofuxpslt-Ixijdi!gspdfttitFrvfodftixpse!cz!xpselboeluzq;.
domzipp l'ponz!bulgsfwjpvt!ixpset!)j/f/-Ifgulup!sjh i u*-1tfng. buufoujpo!Foberftiui Finpefilup!dpngvuf!
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sfrfwbodfltdpsftibdspttiui FifoujsFitFrvFodfjolgbsbmfi/!Uijtibqgspbdi!nfbotiuibulfbdi!xpse!
dbo!buufoelup!fwFsz!pui fs!ixpse-Ixjuilui flnpefilxfihivjohlui fn!cbtfe!pofbsofe!sfrfwbodf/

Gps!fybnanf-ljolui FitFoufodf-1PU i FljowFtups!tprelui Fitupd llcFdbvtfjul xbt!pwFswbnvFeplui Fixxpse!
Pjup!dpvre!gibvtjcrz!sfgfslup!jui Fs!Ptupd 1 p!ps!PjowFtupsh!B!npeffrvjqgfe!xjui ! tg. buufoujpo!
dbonfbsolup!gpdvt!polui FldpssFdulsFgFsFouOptupdIpOczibttjhojoh!ijhiFslbuufoujpo!><Fjhiulup!ju/!
Uijt!dbgbcijrjuzlup!npefinpoh.sbhohflefgfoefodjftiboe!lbncjhvjuz!jtipof!pglui fisfbtpot!xiz!
usbotgpsnfs.cbtfe!npefit!ibwflgspwfo!tp!fygfdujwFjo!dbquvsjohlui Fldpnagifyjuz!pg' i vnbo!
1bohvbh¥/

The Encoder-Decoder Architecture
Ui flpsjhjobniusbotgpsnfsibsd i jufduvsfidpotjtut!pgluxp!nbkpsidpngpofout;

o/ Fodpefs;!gspdfttftiui fljoqvulufyulboe!dpowfsut!juljoup!b!dpoufyuvbn{fe!wFdups!
sFgsftfoubujpo

o Efdpefs;ivtftiuijtisfgsFtFfoubujpolup'hfofsbufbo!pvugvultfrvfodf-Itvdi!btiusbotnbufelufyu-!
bl'tvnnbsz!psblsFtgpotf

Uijtifodpefstefdpefsidpogihvsbujpo!xbtieftjhofelgpsitvdilubtitibt!nbdijoflusbotibujpo-!
tvnnbsj{bujpo-boe!rvftujpolbotxfsjohOx i fsflui Finpefilnvtulgjstulvoefstuboelui figvmjoqvu!
cfypsflgspevdjoh!b!nfbojohgvnpvugvu/!U i fifodpefsiqgpsujpo!pgiui FinpefldbquvsTtiui fitFnboujd!
dpoufoulpglui Fitpvsdfliufyu-Ix<ijiflui Flefdpefs!gpsujpo'hfofsbuftiofx!ufyuldpoejujpofe!poluibu!
jogpsnbujpoldbquvsfelczlui Fifodpefy

Jolgsbdujdf-li pxfwfs!fodpefsiboelefdpefsidpngpofout!bsfipgufolvtfe!ljoefgfoefourz-!
efqgfoejoh!polui flubtl;

o/ Fodpefs.ponzinpefit!)f/h/-ICFSU*IbsFleftjhofelup!dsfbuflijhi.rvbnjuz-!dpoufyuvhn{fe!
fncfeejoht!pglui Fljoqvulufyu/!Ui FtFifncfeejoht!dbolui FolcFlvtTe!lbt!gFbuvsFtigpslepxo.
tusfbnlubtlt-ltvdilbt!'tFoujnToulbobnztjt-!dibttjgjdbujpo-!ps!jogpsnbujpo!sfusjfwbn/!FodpeTs.
ponz!npefit!bsfiftqgfdjbmziwbnvberfljo!tfuujoht!x i fsflui Fhpbnljtiup!joufsgsfulps!tdpstiblqgjfdf!
pglufyulsbui fsluibo!hfofsbuflofx!lufyu/

o Efdpefs.panzinpefit!)f/h/-IHQU*bsFlpqujnj{fe!gpshbohvbhflhfofsbujpo/!Ui FtFinpefit!
gsfejdului flofyulupIfoljo!b!tFrvFodfihjwFolbmigsfwjpvtiup 1 fotOblgpsnvibujpo!lopxo!bt!
dbvtbnpsibvupsthsfttjwfiibohvbhfinpefjoh/IUijtbqqgspbdi!foberftiui finpefmup!hfofsbuf!
dpifsfoulufyu-lbotxFs!rvftujpot-lboe!fohbhfljolejonphvF/IEfdpefs.ponzinpefitigpsn!ui !
cbdlcpoflpginpefsoldibu.cbtfe!ltztufnt!boeljotusvdujpo.gpmpxjoh!bhfout/

Ui Flusbotgpsnfsibsdi jufduvstljouspevdfeluxp!cstbluispvhit;lui flbcjnjuz!up!gspdfttbmup Ifot!jo!
gbsbmfluispvhi ltfg.buuFoujpo'boelui FinpevibsiFodpefsbefdpefsigsbn<psliuibulfoberft!cpui!
voefstuboejoh!boe!hfofsbujpo!pglofxiufyu/!Ui ftfljoopwbujpot!iopu!ponzljngspwie!qgfsypsnbodf!

2CFSU!sfgfstluplui FicjejsfdujpobnfodpefsisFgsftfoubujpotigspnlusbotgpsn fst!npefiljouspevdfe!cz! Efwijo-!D i boh-IMFf-!
boe!Upvubopwh!)312:*/

SHQU!sFgfstluplui FihfofshujwF!gsfusbjofelusbotgpsnfsinpefiljouspevdfelcz!PqgfoBlluispvhilbltfsjft!pgicsfbluispvhil!
gbgfst!)Sbegpse-!Obsbhtjn ibo-'Thijnbot-boe! Tvut Ifwfs!3129<!Shegpse-!Xv-ID i jie-Mvbo-'Bnpefij-lboe! Tvut I fwfs!312:<!
Cspxo0-!Nboo-!Szefs!Tvccjbi-ILbgmbo-!E i bsjxbr-!Offib Iboubo-!fulbn/!3131*/!HQU!bntp!sFyfstiuplui Fldibtt!pg'e Fdpefs.ponz!
npefrtigpgvibsi{feluispvhi!npefsoMMNt/
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bdsptt!b!xjefisbhohf!pg!OMQlubtIt!cvulbrtp!nbefljulgfbtjcrflup!tdbrfinpefitlup!vogsfdfefoufe!
tj{f-!hjwjohlsjtFluplupebzit! MMNt/

Ui flofyu'tfdujpo!fyqgmpsTt! i pxlui Ftflbsd i jufduvsbibewbodft-ldpvarfe!xjui!nbttjwflgsfusbjojoh-!
ibwf!fobenfelblofx!gbsbejhn!pgthfofsbujwFlinpefmjohluibuldbo!tpmiblcspbelsbohfipglubtit!xjui!
njuunrf!psloplubtl.tqfdjgjdlebub/

Pretraining, Fine-Tuning, and the Modular Nature
of LLMs

UplvoeTstuboe!i px!MMNt!xpslOboe!xiz!uifz!ibwflcFdpnFltplgpxFsgviOjuljt! i faqgvniup!cstbl!
epxolui fjslushjojohljoup!ejtujodu!q i btft;!gsfusbjojohlboelgjof.uvojoh/!Ui FtFiqibtFt!sFyrfdu!
b!npewrbs!boe!tdbrbcrflbqgspbdiluplusbjojoh!MMNtlui bultFgbsbuftiui Flbdrvjtjujpo!pgthfofsbn!
njohvjtujd!boe!xpsie! lopxrfehflgspn!ui Flbebqubujpo!pglui Finpefilup!tgfdjgjdiubtlt/'Buipvhi!

ui Flvoefsizjoh!npefilbsd i jufduvsf)fodpefslefdpefs!psicpui*gibzt!bo!jngpsuboulsprfljoltibgjoh!
ui Finpefilt!dbgbcjnjujFt-ljuljtiviujnbufiz!ui Flusbjojohlgspdfttiuibulefufsnjoft!xibului Finpefil
dbolep!jo!gsbdujdf/

Qsfusbjojoh;!Cvjnejoh!HfofshbinMjohvjtujd!boe!Xpsne!Lopxnfehf

Qsfusbjojoh!jtiui Figpvoebujpobniqibtf!pg!MMN!efwfipgnfou/loluijtitubhf-lui Finpefiljt!
fygptfelup'b!nbttjwFldpsqvt!pg'sbx!ufyucpp I t-Ibsujdrft-IxFctjuft-'boe!pui Fs!qvenjdnz!bwbjiberf!
epdvnfoutOboelusbjofelup!gsFejdulnjttjoh!pslgvuvsFixpset/IUijtigspdfttiepftiopu!sFrvjsf!
tbcfirfelebub-Inbljoh!julijhinz!tdbriberf/!U i Fhpbiljtiup!jotujmiu i Flinpeflxjui !b!tubujtujdbnvoefs.
tuboejoh!pghbohvbhf!boe!b!cspbel)uipvhi!jnanjdju* lopxnfehflpglui Fixxpsie/

Ui flitgfdjgjdiusbjojoh!pckfdujwflefgfoet!polui Flbsd i jufduvst;

o Nbtlfellbohvbhflnpefijoh!)NMN*;\/tfelqgsjnbsjizigpslusbjojoh!fodpefs.porzinpefit!
)F/h/-ICFSU*-INMN!jowpmwFt!ijejoh!ps!'Pnbtljohp!dfsubjo!xpset!jo!b!tFoufodflboelusbjojoh!
ui Finpefnluplgsfejdului Finbtlfe!xpse)t*icbtfe!po!tvsspvoejoh!dpoufyu/!Gps!fybnarf-!
hjwFolui Fljoqvu!PUi Fldpngboz!sFqpsufe!lbANBTL hbjo!jo!gspgjutplui Finpefilrfbsotiup!jogfs!
uibu!Ptuspohp!njhiulcfbolbgqgspgsjbuf!xpse//CTdbvtffodpefsinpefit!buufoeluplui I foujsF!
jogvulbu!podf-lui fz!hfofsbufisjdi!dpoufyuvbr fncfeejoht!ivtfyvnlgps!dibttjgjdbujpo!boe!
sfusjfwbnlubtlt/

o/ Dbvtbinbohvbhfinpefijoh!)DMN*;IVVtfeluplusbjolefdpefs.ponz!npefit!)f/h/-IHQU*-!
DMN!usbjot!lui Flnpeflup!gsFejdului Flofyu!xpseljo!b!tFrvfodfhjwfo!bmgsfwjpvt!ixpset/!
Gpsljotubodf-IhjwFo!PUi Fldpngboz!sfgpsufe!b!tuspoh!hbjo!joplui Finpefinfbsotiup!gsFejdul
Pgspgjuth!UijtibvupsFhsFttjwF!pckFdujwFlbrjhot!obuvsbmz!xjuithfofsbujwFlubtit'boe!fobcerft!
ui Finpefilup!gspevdfidp i FsFou-lgnvFoulufyu/!Sbegpse-!Obsbtjn ibo-Thyjnbot-hoe!Tvut 1 fwfs!
)3129*lefFnpotusbufeluibu!lgfsgpsnbodfjngspwtitvctuboujomz!xjui!npefintdorf-hfbejoh!
uplui FlefwhpgnTfoulpg!ijhinzigbsbnfufsj{fe!npefit!dbgbcrf!pghfofsbn.qvsgptfiufyu!
hfofsbujpo/

Uijtigsfusbjojoh!qibtfjtidpnqgvubujpobmz!joufotjwfboeluzgjdbmz!dbssjfe!pvulcziibshflufdioprphz!
gisnt!xjui'bddfttiup!tjhojgjdbouldpnqgvufjogsbtusvduvsfiboe!nbttjwflebubtfut/'Ui FisFtviujoh!gsf.
ushjofe!npefit!dbo!cFlejtusjcvufelboelsfvtfe-li pxfwfs!gspwjejoh!b!tuspohlgpvoebujpolgps'epx<o.
tusfbn!dvtupnj{bujpo/
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Gjof.Uvojoh;!Bebqujoh!Npefitiup!Ubtit'boe!Epnbjot

Bui pvhilgsfusbjojoh!frvjgt!MMNt!xjuihfofsbrdbgbcjnjujft-ljulepftiopulubjipsiui Fnlup'tgfdjgjd!
ubtlt/!Qsfusbjofelnpefit!nbz!cfiberflup!hfofsbufignFouluFyulpsifodpefltFoufodftjoup!fncfe.
ejoht-lcvului fz!pgufohbdllui flepnbjo.tgfdjgjd'cTibwjpstoffefelgps!igsbdujdbrtbggndbujpot!joltvdi!
bsfbtibt!gjobodf/IUijtljt!xifsFlgjof.uvojohldpnftljo/

Gjof.uvojoh!jowpmwFt!dpoujovjoh!uiFlusbjojoh!pg'b!gsfushjofe!npefilpo!b!tNnbmfs!epnbjo.tqfdijgjd!
pslubtl.tgfdjgjd!ebubtfu/lUijt!igspdFttibmpxt!vtfstiupbebquthfofsbn.qvsqptflinpefrtigpsiui fjs!
pxo!vtfldbtft!xjuipvultubsujohlgspn!tdsbudi/

Gps!fodpefs.porz!npeft-lgjof.uvojohluzgjdbmz!jowpmwFtitvgFswjtFelnfbsojoh/!Gps! fybngnf-!
up'cvjne!bltfoujnfouldibttjgjFs!blgsbdujujpofsixpvne!tubsulxjuilb!gsfusbjofe!CFSU!Npefil
boelgjof.uvofljulpolibctifelebub!dpotjtujoh!pgufyultbngrftigbjsfe!xjuiltFoujnfoullbcit/!

Ui fisFtvijoh!npefiicfdpnft!ijhinz!tqgfdjonj{fe!gps'tFoujnTouldibttjgjdbujpo/Ui FisFtvmjoh!
npefilxjmcFlberflup!gspevdfinfbojohgvilpvugvut!ponz!gpsiuibultqfdjgjdiubtl-li pxfwfs!xijdiljt!
xizlgjof.uvofe!fodpeTfs.porzinpefrt!bsflbntp!sfgfssfelup!bt!Pobsspxp!ps!Pubtl. tqFdjgjdp!npefit/

Gpslefdpefs.ponz!npefit-lgjof.uvojohldbolcFinpsflhfofshi/!Bgufs!gsfusbjojoh!poljoufsofu. tdbnf!
ebub-lui FtFinpefit!bsflpgufolgiof.uvofe!po!dvsbufe!ebubtfut!pg!i vnboljoufsbdujpotOtvdilbt!
rvftujpo.boe.botxfs!gbjst!psidibulrphtOuplufbdilui Finpefili px!up!c i figgvr-'thgf-boe!sFtgpo.
tjwFljo!b!dpowfstbujpobntfuujoh/!Xjui pvuluijtbeejujpobniuvojoh-lbinpefiinjhiulsftgpoe!up!b!
gspnqultvdi!bt!PX 1buljt!zpvslobnTp!xjui bltupsz!psivostibufe!qsptf/!IXjui!gjof.uvojoh-ljulrfbsot!
up!sttgpoe!bgqgspgsjbufnziup!vtfsirvfsjft/

Poflpguifisfbtpotlefdpefs.porizinpefit!ibwFlcFfdpnfitp!xjefizivtFeljtiui fisigfyjcjrjuz/'Sbui fsluibo!
offejohlblofx!Nnpefilgps!Fodilubt1)f/h/-tFoujnfouldibttjgjdbujpo-tvnnbsj{bujpo-FTH!tdpsjoh*-!
b'tjohrflefdpeTfs.porz!npefildbo!cFlgjof.uvofelup!gfsgpsn'b!xjefisbohflpglubtltitjingnz!cz!dibohjoh!
ui FligspnquOui fljogvuljotusvdujpo!psldpoufyulgspwjefeluplui Finpefi/!GpsljotubodT;

o' PDibttjgz!ui fitFoujnfou!pgluijtiufyu;leNbslfut!sbmjfe!bgufsiui Fisbufidvulp

o PTvnnbsj{flui Figpmpxjoh!fbsojoht!sfgpsup

o  PMjtuluisFRIFTH!sjtIt!nfoujpofeljoluijtlepdvnfoup

Uijtibejjuz!nblftiefdpeTfs. ponz!npefit!buusbdujwfjo!tvdilepnbjot!btigjobodf-!x i FsFiibcfife!
ebub!bsF!pgufo!tdbsdflcvulb!xjefisbohflpglubtitioffelup!cFigfsgpsnfe!polvotusvduvstelufyu/!

Cz!tijgujohlui Fildpnarfyjuz!uplui Flgspnquleftjho-Igsbdujujpofst!dbo!bwpjelui Fldptunz!gspdFtt!pg!
ushjojohlobsspx!npefitigps!fwFsz!ofx!bgagnjdbujpo/

Qspnqujoh!wt/!Gjof.Uvojoh

Buipvhilgspnqujoh!bmpxtivtfstiup!Fyusbdulvtfgvnlctibwjpslgspn!blgsfusbjofe!ps!
jotusvdujpo.uvofelnpefilxjui pvulboz!beejujpobnlusbjojoh-ljul i btljuthjnjut/Vo!dbtFt!x i FsFlui f!
npefilghbjrtiup!gpmpx<!jotusvdujpot-Itusvhhrft!xjuilepnbjo.tqfdjgjdikbshpo-!psivoefsqfsgpsnt!
polojdiflubtlt-lgjoF.uvojohldbo!tujmgibz!bo!jngpsubou!sprf/

Gjof.uvojohldbo!cfivtfelgpsiui Flgpmpxjoh;

o Ubtl.tgfdjgjd'bebqubujpo;lusbjojohlui Finpeflgps!blobsspx!ubtl-Itvdi!btifhbildibvtF!
Tyusbdujpo!ps!dstejulsbujoh!gsfejdujpo
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o Epnbjo'bebqubujpo;!fygptjohlui fFinpefilup!epnbjo.tgfdjgjd!ebub!)f/h/-lgjobodjbnigjrjoht-!
sFhvibupsz!ufyut*lup!jngspwijutigbnijrjbsjuz!jui 'tgfdjbn{Fe!wpdbcwvibsz!boe!gpsnbut

o/ Lopxifehfljokfdujpo;!ufbdijohlui finpefilgbdut!ps!cTibwjpstiuibulbsflvoefssfgsttfoufe!joluif!
gsfusbjojohldpsqvt

Jolgsbdujdf-Inboz!gjobodjbnxpslgipxtiopx!dpncjoflui FtFlbggspbdi Ft-'vtjoh!pgg.ui F.tifig!
MMNt!Ix i fsflgspnqulfohjoffsjoh!tvggjdftiboelgjof.uvojoh!tnbmfsiwistjpot!pglui fFinpefixifo!
sfmjbcjnjuz!boelepnbjo! fyqgfsujtfibsTdsjujdbn/

Dpngvubujpobn!FggjdjFfodz!boe!Gjof.uvojoh

Bui pvhi!MMNt!IXjuilcjmjpot!pg!gbsbnfufstiufoelup! fyijcjultvgfsjps!igfsgpsnbodfibdsptt!b!sboh !
pglubtlt-luijtibecjjuz!dpnftibu'b!tjhojgjdbouldpnqgvubujpobndptu/!Cpuilushjojoh!boelefarpzjoh!
tvdilnpefit!sFrvjsflijhi.foelibsexbsfOuzgjdbmz!hsbqijdt!igspdfttjohlvojut!)HQVt*psiufotps!
gspdfttjoh!vojut)UQVt*Oboe!tdbrflspvhinz!xjuiinpeflt{f/Bt'b!sFtvi-lui FivtFpgwEszhbshf!
npefit'dbo!cFigspijcjujwFjo!lfowjsponTout!xjuihjnjufeldpnqvufisFtpvsdft!ps!tusjdulibufodz!
dpotusbjout-ltvdi!bt!sfbr.ujnfligjobodjbntztufnt/

Pofitprvujpoljtiuplgjof.uvofltnbmfs!npefitiup!sFarjdbuflui FicFibwjps!pghbshfs!poft-ldpnnponz!
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Deployment Strategies and Infrastructure
Considerations for LLMs in Finance
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BQJ.cbtfelbddftt!jt'tvjubcrflgps! Fygnpsbupsz!sFtfbsdi-Iqverjd.gbdjohlbgagndbujpot-'boelubtitiuibu!
ep!opuljowpmF!gspgsjFubsz!gjobodjbrlebub/Nuljt!pgufoljotvggjdjFou-! i pxFwFs!gps!Foufsqsjtf.hshef!
vtfldbtftiuibulsFrvjsflgvmlebub!dvtupez!boe!dvtupnij{fe!npefilcfibwjpy
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Self-Hosting and Open-Source Models

Bo!bmufsobujwf!jtlup!efanpz!pgfo.tpvsdFIMMNt-Itvd i Ibt!MMbNB-!Njtusbi-IGbndpo-!psIHQU.K-!
po!gsjwbufljogsbtusvduvsT/IUijt!bgqgspbdi!bmpxt!pshboj{bujpotiup!svoljogfsfodfiboe!gjoF.uvojoh!
polui fisipxo!tFswFstOfjui fs!polgsFnjtft!psijo!gsjwbufdipve! FowjsponfoutOboe!lgspwjeftiui !
gpmpxjoh!bewboubhft;

o Ebub!tfdvsjuz!boe!dpnanjbodf;!Op!ebub!dbo!rfbwfiui Flpshboj{bujpait!fowjsponfou-Ixijdi!jt!
dsjujdbn!>< i Fo!iboenjoh!dnjfou!jogpsnbujpo-lusbejoh!tusbufhjft-Ipstjoufsobnepdvnfout/

o Dvtupnj{bcjrjuz;!Npefnt!dbo!cflgjof.uvofe-lejtujmFe-!pslbvhnfoufelup!nffulepnbjo.tqfdjgd!
sfrvjstnfout!pslupljngspwlgfsgpsnbodfipolgjobodjbnufyut/

o' DptuldpouspnlpwfslujnT;!Buipvhilvqgspouldpnqgvufiboe!tubggjoh!dptut!bsflijhi-hpoh.ufsn!
pgfsbujpobnidptut!nbz!cfipxfsiuiboldpoujovfe!BQivtbhflbultdbrf/

Uijtibggspbdi!ibtiuxp!nbjohjnjubujpot;

o/ Jogsbtusvduvstldpnagifyjuz;!Svoojohlibshflinpefit!sfrvjsftitgfdjbn{fe!ibsexbsf)f/h/-HQVt*-!
bt!xfmbtitgfdjonj{fe!ivnbo!dbgjubngpsiefanpznfou-tdbrjoh-boe!npojupsjoh/

o Mbhlcfijoelgspoujfsinpefit;!Pgfo.tpvsdfinpefit!pgufolusbjidpnnfsdjonnpefitjolbctpmvuf!
gfsgpsnbodf-Ibui pvhilui flhbqg!ibtlobsspxfeldpotjefsbenzljolsFdfoulsfifbtft/

Hybrid and Strategic Considerations

Nboz!jotujuvujpot!bepqulizcsje!ltusbufhjft-'vtjoh!dpnnfsdjbrBQJt!gpsipx<.sjtl!psthfofsjd!
vtfldbtftiboe!lefgipzjoh!joufsobnnpefitigps'ijhi.tFotjujwjuz!ps!qspqgsjfubsziubtit/!
Uxp!fybnarftigpmp;

o/ VtFIDibuHQUup!'tvnnbsj{flgvcnd!nbslfulofxt/
o Vtflboljo.ipvtfinpefup!bobiz{fljoufsobndsFejulnfnpt!ps!'sFhvibupsz!gjnoht/

Vijnbufiz-lui Fid i pjdFlipgleFgnpznfoulnpefilnvtulbnjho!Xjui!ui fpshboj{bujpolt'ebub!hpwfsobod !
gpndjft-lvtf.dbtftFotjujwjuz-hbufodz!sFrvjsFnfout-'boepoh.ufsn!dptultusvduvsf/lolgjobod FO
x i fsfljoufmfduvbnigspqfsuz-ldpnaijbodf-boelsjt'nbobhfnfoulbsflgbsbnpvouCui ftf!
dpotjefshujpot!bstlopu!gfsjq i FsbnicvuldFousbnluplui fitvddfttgvnie Fgmpznfou!pg!MMNt/

Applications of LLMs in Finance

Tfoujnfoulbobztjt!boelupqjd!npefijoh! i bwfipoh!cffo!dFousbnup!ui Flbgagnjdbujpo!pg!OMQ!jo!
giobodf/ITFNjobnxpslt-ltvdi!bt!UfunpdI(t!)3118* tuvez!polui FlgsTejdujwFigpxTsipginfejblgftt;.
Njtn'boeMpvhisbo!boe!NdEpobnelt!)3122*sFtfbsdi!polepnbjo.tqfdjgjd!tFoujnfou'ejdujpobsjft-!
tipxfeluibulufyuvbntfoujnfouldpoubjot!jogpsnbujpo!sfrfwboulup!sfuvsot-wprbujijuz-lboelusbejoh!
cfibwjpy!Fbsizinfuipet!sfijfe!polrfyjdpot-lejdujpobsjft-psitingrfinbdijofifbsojoh!dibttjgjfst-!
cvului Feflufdiojrvft!ibwFlfwpmwFe!brpohtjeflui flhspxjoh!tpqijtujdbujpo!pg!OMQ!INpefit-!
btlejtdvttfe!gsfwjpvtnz/

Joluijt!tfdujpo-Nlpvunjof! i px!MMNt! i bwFlpgfofelofx!gspoujfst!jo!giobodjbnOMQO N pwjoh!

cfzpoelusbejujpobniubtltiupxbse!bqqrjdbujpot!jo!dpnagnjbodf-IFTH!Npojupsjoh-!sjtItvswFjmbod f-!
boelgjobodjbntvnnbsj{bujpo/liui Fo!gsFtFoulb!gsbdujdbnluvupsjbneFnpotusbujoh!i px!MMNt!
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ObuvshnMbohvbhf!Qspdfttjoh

dbo!cfljngrfnfoufelgps!tFoujnfou'bobnztjt-lgpdvtjoh!po!pgfo.tpvsdfinpefntibddfttjcnflup!
gsbdujujpofstiboelsFtfbsdifst/!Buipvhi!MMN!bgqgndbujpot!fyufoe!nvdilgvsui fsluijt!iboet.po!
fybnqgrflgspwjeft!blgpvoebujpobnbqqgspbdi!gps!joufhsbujoh!MMN!ufd i ojrvft!joup!gjobodjbn!
xpslgpxt/

Dibttjd!OMQ!Untlt!boe! I px!MMNt!DibohfelUifn

CTgpsflui FlsjtFipgMMNt-Inboz!dpsflgjobodjbnOMQ!ubt1tOtvd i lbtlobnfe!foujuz!sFdphojujpo!
)OFS*Ifwfou!fyusbdujpo-boe!sfibujpo!FyusbdujpoOxFsflubd Infelvtjoh!swif.cbtfe!nfuipet-!
gfbuvst!fohjoffsjoh-!psifbsizinbdijofirfbsojoh!npefit-ltvdi!bt!dpoejujpobnisboepnlgjfiet!
)DSGt*/!IGpsifybnagnf-1>Xboh-Yv-IMjv-1Hvj-lboe! [ i pv!)3125*bqqnjfe!DSGt!ibvhn foufe!xjui!
epnbjo.tgfdjgjd!ejdujpobsjftiupljefoujgz!dpngboz!obnft-lujdIfst-lboe!npofubsz!bnpvout!jo!
giobodjbnofxt-'boe!zboh-IDifo-Mjv-IYjbp-boe! [ 1bp!)3129*lefwiipgfelepdvnfou.rfwfilfwfou!
fyusbdujpo!tztufntigpsiui FIDijofFtFitupdl!Nnbsifu/

Xjuilui flbewfou!lpg!MMNt-INboz!pglui Ftflubtlt!ibwflcFdpn flbnnptulusjwjbn!Npefsolnpefit!dbo!
qgfsgpsn!{Fsp.tipulpslgFx.tipu!OFS-Isfibujpo!fyusbdujpo-!psifwFoulefufdujpo!xjui pvulubtl.tqfdjgjd!
bsdi jufduvsftipsitbshf-ibctifelebubtfut/!Sfdfou! fwbnvbujpot!)f/h/-IMviboe! I vp!3136*! 1 bw!
tipxo-lipxfwfsluibulbuipvhilhfofsbr.qvsgptFIMMNt!gfsgpsnisfbtpobcenz!xfm-lgjof.uvofe!
epnbjo.tgfdjgid!npefititujmpvugfsgpsniui Fnljolgsfdjtjpo.dsjujdbnFyusbdujpolubtt-1ftgfdjomz!

X ifolefhrjoh!xjuiltvcurflejtujodujpot!jo!foujuziuzgft!ps!sFhvibupszinbohvbhf/

Ofx!Gspoujfst!Fobcnfe!czMMNt
MMNt! i bwF!tjhojgjdbounz! fygboefelui FltdpgFlpg!OMQ!bggndbujpot!jolgjobodf/

o Dpnarjbodfinpojupsjoh!boe!sthvibupsz!sfgpsujoh;! I jmFcsboe-ICFshfs!Efvafs!Ejinbhiboj-!
Librfe-ILnFn-Mpju{-'fulbn/')3134*jouspevdfe! [ fspTipuBM-lefnpotusbujoh!uibu!MMNt!dbo!
nbudi!gjobodjbnepdvnfoutibhbjotuldpnarfylsthvibupsz!sfrvjsfnfout!jo!b!{fsp.tipultfuujoh-!
gpufoujbmz!bvupnbujohlgbsut!pgldpnarjbodfidi fdlt!boe!bvejut/

o/ FTH!bobnztjt;!NFfisb-Mpvib-boe![ 1boh!)3133*gjof.uvofe!CFSUlup!efwiipq!FTHCFSU-!
bInpefildbgberf!pgldibttjgzjoh!boe! fyusbdujoh!FTH.sfibufe!dpoufoulgspn!tvtubjobceinjuz!boe!
DTS!sfqpsut-ljngspwjoh!lui flbvupnbufe!efufdujpo!pgfowjspon foubn-Itpdjbr-lboe!hpwfsobodf!
uifnft/

o Sjtl'npojupsjohlwjblofxt!boe!fwfout;Hvp-Kbnfu-ICfusjy-1Qjrvfu-lboe! lbvqunboo!)3131#
cvjiulFTH3Sjtl-Ib!gjgfijoflvtjoh!MMN.cbtfelnpefitiuplusbd l'FTH.sfibufelofxt!boelqgsfejdu!
bcopsnbittupd'wpnbujnjuz-!jmvtusbujoh!i px<!MMNt!dbole fufdu!nbufsjbrlopogjobodjbiisjt I tigspn!
votusvduvsfelufyu/

o/ Gjobodjbnepdvnfoultvnnbsj{bujpo;!Ljn-Nvio-boe!Ojlprbfw!)3134*tipxFfeluibu!DibuHQU!
dbo!fygfdujwinz!tvnnbsj{fiipoh-ldpnagnfy!21.Lgjnjoht-!i figjoh!jowFtupst!ejtujm Ifz!sjt I t!boe!
pagpsuvojujft/lUi fjslsFtvutitvhhftului buMMN!tvnnbsj{bujpo!jngspwft!inbslfu!fggjdjfodz!cz!
sfevdjohljogpsnbujpo!btznnfusz/

Ui feFifybnagrft!jmvtusbuflui buMMNtibsFlopihpohfshjnjufeluplusbejujpobnldibttjgjdbujpo!ps!
Tyusbdujpo/!Ui Fzlopx!tvqgpsulnpsfldpnagnfy!xpsigpxt!jowpmwjoh!nviujtufg!sfbtpojoh-!
tvnnbsj{bujpo-boe!sFhvibupsz!joufsgsfubujpo/
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TToujnTou'Bobnztjt-!Upgjd!Npefnjoh-'boe!Rvboujubujwfliowftujoh

TfoujnToulbobnztjt!ibt!ijtupsjdbmz!ctfo!pofipgiui Finptulxjefizivtfe!OMQ!bqanjdbujpot!jo!
rvboujubujwflgjobodf/!Fbsiz!bqqspbd i ft-'tvdilbt!GjoCFSU!)Bshdj!312 - *-lgjof.uvofe!CFSU!INnpeft!
polgjobodjbniofxtiboe!fbsojoht!dbmt-!pggfsjoh!npsfibddvsbuf!tFoujn fouldibttjgjdbujpotiuibo!
usbejujpobniejdujpobsz.cbtfelnfuipet/Ui ftfitfoujnfoultjhobrt!cfdbnfjnqgpsuboulgfbuvsftt!
jolrvboujubujwF!npefit-lifigjoh!jnqgspwflgsfejdujpot!pgtupdl'sfuvsot! psiwprbujrjuz/

Sftdfoulbewbodft!jo!IMMNt! i bwF!Fygboefe!ipx!ufyu.efsjwFe!tjhobit!bsfivtfe!joljowfFtujohO'npwjoh!
cfzpoeltjngrf!tfoujnfoultdpsTtiup!sjdi FslsFqsFtfoubujpotiuibulejsfduz!qsfejdulsfuvsot!ps!
Tyqgibjo!gsjdFinpwFnfout/!GpsIfybnarf-IMpgf{.Mjsb!boe!Uboh!)3134*uftufe!x i fui fs!gspnqujoh!
hfofsbujwFIMMNt-'tvdi!bt!HQU.5-Ipoldpngboz!ofxt!i fbenoft!dpwre!gsfejdulofyu.ebz!tupdl!
sfuvsot/\Ui fzlgpvoeluibulfwFolxjui pvulgjof.uvojoh-lui finpefilt!pvuqvut!dpoubjofe!qsfejdujwf!
tjhobrt-'tvhhftujohlui bulMMN tljngnjdjunz!dbquvsFlgiobodjbilt Foujnfou'boe!dpoufyulxfmfopvhi!
up'jogpsnlusbejoh!tusbufhjft/!Uijthjof!pglsFtfbsdi!dpoofdut!diptfiz!<juilui fixpsl!pg!D i fo-!Lfmz!
boe!Yjv)3135*Ixip!vtfe!MMN.efsjwFe!lfncfeejoht!bt!gfbuvsTtigps!gsFejdujoh!sfuvsot!bdsptt!
27'joufsobujpobn Frvjuz!nbslfut/!Uifz!gpvoeluibului FtFifncfeejoh.chtfelgfbuvsFt-Igbjsfe!xjui!
bltinagrflgfobn{fehjofbsinpefi-ljngspwflui Fisjtl.bekvtufe!sfuvsot!pglui FisFtviujoh!gpsugpnjpt!
pwFslusbejujpobntbgqgspbdi ft/

Bopui fs'fnfshjoh!bqgspbdi!gpdvtft!polpshboj{joh!boe!dnvtufsjohlui figbuufsot!gpvoe!jolufyuvbn
ebub/!Dpoh-Mjboh-I[ iboh-!boe![ i1v!)3135*jouspevdfelui fljefb!pglufyuvbnlgbdupstOjoufsqsfubcrf!
dnvtufst!pglui Fnft!pslupgjdtljefoujgife!cz!bqarzjoh!divtufsjoh!ufdiojrvftiup!/MMN.efsjwfe!
fncfeejoht/!Ui ftFlufyuvbnlgbdupst!dbo!cFljodpsqpsbufeljoup!Fdpopnjd!boelgjobodjbnnpefnt-!
gspwjejoh!tdbnbcrf-lebub.esjwfo!xbztlup!bobrz{finbshfltfut!pglvotusvduvsfe!jogpsnbujpo-!
gspn!Nnbdspfdpopnjdlofxtiup!dpsqpsbufigjijoht/

Xboh-l{vnj-lboe!Thlbkj3135*dpncjofe!hfofsbujwflgspnqujoh!boe!rvboujubujwflnpefjoh!cz!
vtjoh!MMNtlup!gspevdfifygibjobcrflitvnnbsjftipglofxt-dpsqpsbuf!fwfout-pshfbefstijqlupof-!
xijdilxFsflui folusbhotgpsnfeljoup!tusvduvsfelgbdupstigpsiqsfejdujoh!tupd l!npwfnfout/!Uphfui fs!
ui Ftflbewbodft!ijhinjhiului FlwFstbujjuz!pg'npefsoMMNTt;!Uifz!dbo!cFlvtFelup!hfofsbuflejsfdu!
gsfejdujpot-lup!cvjreltusvduvsfelui Fnbujd!dnvtufst-!pslup!FyusbduljoufsqsfubcrflgFbuvsFtiuispvhi!
dbsfgvmz!eftjhofelgspnqut/

MMN't'jo!Qsbdujd

Joluijtitfdujpo-Ulefnpotusbuf!i pxlup!bggrz!MMN tigps!tFoujn Fouldibttjgjdbujpolvtjoh!Qzuipo/!
Uplgpmpx!bnpoh!xjuiluijtiuvupsjbor-NisfFdpnnfoelvtjoh!Hpphif!Dprbc!lcfdbvtfljulgspwjeft!fbtz!
bddfttiup!HQVt)j/f/-ItgfFfejoh!vg!npefipvugvuttboe!b!sFgspevdjerf!fowjspon foulgpsiuftujoh/

Xifo!lxpsljoh!xjui IMMNt-ljuljtljngpsuboulup!cFlgbnjijbs!xjuii! I vhhjoh!Gbdf-4lui flgibugpsn!> i FsF!
pgfo.tpvsdflebubtfut'boenbohvbhflnpefit!bsfitibsfe/Uifinpefit!i fsfisbohflgspn!gsfushjofe!
MMNtlup!npefitigiof.uvofelgspn!ui ptflgsfusbjofe!MMNt/! I vhhjoh!Gbdf!ibtluxp!Qzui po!
gbdIbhftiuibuldbo!cFivtfelup!fotjnzhpbe!npefitiboe!ebubtfut;lusbotgpsnfstiboelebubtfut/

Jolumjtifyfsdjtf-IxFixjmvtFlui FIGjobodjbnQisbtfcbol!ebubtfuljouspevdfe!cz!Nbnp-ITjoib-!
Lpsipofo-Xbmfojvt-lboe!Ublbib!)3125*/IUijtlebubtfuldpotjtut!pg!5-951!tfoufodftishoepnnz!

4Gpsinpsfljogpsnbujpo-wjtju! Tuuqt;00 1 vhhjohgbd f/dp0/
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ObuvshnMbohvbhf!Qspdfttjoh
tbngrfelgspnlgjobodjbriofxt-Ixjui!fbdi!tfoufodf!cTjohlibctife!cz!b!tfulpglboopubupst!bt!
Paptjujwip!PoFhbujwF-H!ps!PoFvusbip
Ixjmefnpotusbufluxp!nfuipet!gps'tfoujnfoulbobnztjt!vtjoh!MMNTt;!)2*blgjof.uvofelgfbuvsT!
fyusbdujpo!npefilvtjoh! TCFSUSboe!)3*blgsfushjofelibohvbhflinpefivtjoh!PgfoBlit!BQJ/

SBERT Feature Extraction Model

TCFSUNYSTiNTstlboe!Hvsfwzdi!312:*jt'b!CFSU.cbtfe!npefiluibultgfdjbn{ft!joltFoufodf.rfwf!
fncfeejoht/IUibujt-lufyuljtjoqvuluplui Finpefilboe!bwfdups!jtisfuvsofe/!CFdbvtfitFoujnTou!
tdpsftibsflopulejsFdunz!pvugvulcziui Finpefr-Ixfloffeluplusbjolui Finpefilup!gsfejdultFoujnfou!
tdpsft/lUplep!tp-IxFldstbufiblusbjojoh!boeluftultful)jo!gsbdujdF-IxFixpvrelvtFiblwbnjebujpo!tfu!
gps!izgfsgbsbnfufsluvojoh*/

>> Ipip install -U datasets

>> from datasets import load_dataset

>> data

load_dataset("financial_phrasebank", "sentences_5@agree")

>> data

data[ 'train’'].to_pandas()

>> train = data.sample(frac=0.8, random_state=200)

>> test = data.drop(train.index)
TCFSU!dbo!cfhpbefeluispvhilui flitFoufodf.usbotgpsnfst!Qzuipo!gbdlbhf-Ixijdi!iboerftinvdi!
pylui FligsFgspdfttjohisfrvjsfelup!fyusbdulwFdups'fncfeejoht/!Ofyu-lti px! i px!up!jotubmlui F!
gbdIbhf-hpbelui finpefi-boe!fyusbdulfncfeejoht!gps! fbd i 'tFoufodf!jolui flusbjojoh!boeluftul
ebubtfut/!OpufluibuljuljtlofdFttbsz!up'tanjului Flufyuljoup!divolt!ps!Pcbudi FtplcFdbvtFldpngvub.
ujpobrnisFtusbjout!gsp i jcjulfwbnvbujoh!bm!'t Foufodft!bu!podf/

>> Ipip install sentence-transformers

>> from sentence_transformers import SentenceTransformer

>> model = SentenceTransformer('all-MinilM-L6-v2"')

>> def batch_sentences(sentences,batch size=100):
batch_sentences = []

for i in range(@,len(sentences),batch_size):

batch_sentences.append(sentences[i:i+batch_size])

return batch_sentences

train_batches = batch_sentences(train['sentence'].tolist())

test_batches = batch_sentences(test['sentence'].tolist())

X_train = [model.encode(batch) for batch in train_batches]

X_test = [model.encode(batch) for batch in test_batches]

SBwbjiberflbu! iuugt;00 1 vhhjohgbd f/dp0tfoufodf.usbotgpsnfstObm. NjojMN.M7.w3/
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Podfluifi'fncfeejoht'bsfinpbefe-luifz!dbo!cFldpodbufobufeluplgpsnvibufib!nbusjy!pg!tj{f!
o!x!1495/!1zpvidbolui folgjulb!sjehfldibttjgjdbujpo!npefilpolui ptFlfncfeejohtiupldsfoufib!nbggjoh!
cfuxffolfncfeejoh'wfdupstiup!tfoujnfoullbctit/!QsFejdujpot!polui FluFtultfulbsFlpcubjofelcz!
gbttjohlui fluftulfncfeejohtluispvhilui figjuwfelnpefi/

>> import numpy as np

>> from sklearn.linear_model import RidgeClassifier

>> # Train model
>> clf = RidgeClassifier()
>> clf.fit(np.vstack(X_train),train['label’])

>> # Predictions: © = Neg, 1 = Neut, 2 = Pos
>> preds = clf.predict(np.vstack(X_test))
Jo!lgsbdujdf-zpv!xpwie!xboulup!dstbuf!bwbnjebujpoltfulup!gjului FinpefilxjuilejggfsFoulgfobn{bujpo!

ufsnt)j/f/-lngiblufsnt*jolui FisjehfisFhsFttjpoluplefufsnjoflui Figbsbnfufsluibulgspevdft!
ui FlcFtulgju/'Gpslui jtifybnarf-Uitjngrz!efnpotusbuf!pcubjojoh!gsfejdujpot/

OpenAl ChatGPT

Buipvhi!pgfo.tpvsdfIMMNt!dbolcFisvolvtjohlui flushotgpsnTstigbdIbhfljo!Qzuipo-lixjmigpdvt!
po!bo!fbtz.up.jngrfnfoulgjgfjofivtjoh!PgfoBlit!BQJ/otufbe!pg!'tpvsdjoh!dpnqgvubujpobn!
sFtpvsdftipsihfuujoh!dbvhiulvgljolui flufdiojdbnbtgfdut!pglsvoojoh!MMNt-1zpv!dboljotufbelsfiz!po!
bo!BQI.cbtfelbqggspbdiluplepluijtigpsizpv/iUifljefbljtluibulzpv!dbo!tfoe!zpvs!gspnqufelufyulup!

ui FIBQIJ-lboelui flipvugvulgspn!ui finpefixjmcflsfuvsofe/

Cfdbvtfllbn!vtjoh!bltpgijtujdbufe-lgsfusbjofe!MMN!jIFIHQU.4/6-leplopuloffeluplusbjolui !
npefilcvuljotufbeltingniz!gspnqului Flufyulgpsiui Finpefilup!lsFtgpoe!xjui!bltfoujn fou'tdpsT;

>> prompt = """Evaluate the sentence below and determine the sentiment
score.

Respond with either positive, neutral, or negative.
Sentence: %sentence
Response:"""

>> prompted_sentences = [

prompt.replace("%sentence",i) for i in data.sentence
]

Ivtfluijtigspnqulcfdbvtfljulbttjtut!jo!)2*Isfevdjohlui flovncTs!pg pvugvulup Ifotiuibuliloffelup!
pcubjolgspn!ui Finpef)j/f/-lpvugvulup I FotibsFinpsfifygfotjwFlup!gspevdf*boe!)3* fhtz!gbstjoh!
pglui FisFtgpotficfdbvtflui FinpefilxjmsFtgpoe!jnnfejbufnz!xjui tprfnz!PgptjujwFp!PoFvusbrp!ps!
PofhbujwFhllglzpv'!eplopulgspnquljulup!gspwje Fib!PSTtgpotF;plbului Fifoe-lui Finpefiluzgjdbmz!
gspwjeftitpnfligsfoncrflupljut!bduvbrsFtgpotf-INnbljohlui Fisftgpotfinpsfldptunz!bt!xfmbt!
ibsefslup!gbstf/
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Up!pcubjo!sFtgpotftigspnlui FIBQJ-lui fipgfobj!Qzui po!gbdlbhf!dbo!cflvtfe/!Up!pcubjo!sfFtgpotft!
gspnui FIBQI-thplup!PgfoBlit!'BQignbugpsn®boe!hfofsbuflbo!BQI I fzIxijdi!bttpdjbuft!zpvsljogvu!
Xjui!zpvs!bddpvoulgps!cjmoh/!Ui fo-Ipcubjojoh!tFoujnfoultdpsFt!jtibt!fbtz!btinppgjohluispvhi!
ui Fijtu!pglgspngufe!tfoufodftiboelgbstjohlui FisFtgpotf/

>> lpip install openai

>> from openai import OpenAl

>> client = OpenAI(api_key="ENTER_API_KEY_HERE")

>> # Define function to query model
>> def get_gpt_sentiment(sentence,model name="gpt-3.5-turbo"):
response = client.responses.create(
model="gpt-3.5-turbo",
input=sentence

)

return response.output_text
>> responses = [get_gpt sentiment(i) for i in prompted_sentences]

>> responses[@] # = “Neutral”

Risks, Challenges, and Considerations

Bt!gjobodjbn'jotujuvujpot!bepqu!MMNtjoup!ui Fjs!xpsigpxt-juljtjngpsuboulup!cFlbxbsF!pg!
ui Fisjtltboe!dibmfohft!pglepjoh!tp/!UijtitFdujpo!pvurjoft!itFwEsbnpglui Finptulgsfttjoh!
dibmfohft;!pvugvulstijbcijnjuz-'fwbnvbujpo!tuboebset-Inpefinfb Ibhfpwfs!ujnf-boe!rfhbn!
vodTfsubjouz/

1 bmvdjobujpot!boe!PvugvulStijbcinjuz

MMNt!bsFlgspchbejijtujd!npefitleftjhofelup!gstejdului FlofyulnptuljIfizixpselhjwfolui flgsfwjpvt!
tfrvfodfipgixpset/Buipvhiluijtibcpjuzinblftiui fn!gfyjerfiboelqpxfsgvi-ljulbrtp!nfhot!ui £z!
bsflgspoflup!gspevdjoh!ibmvdjobujpotOufyuluibuljtignvFou-lgnbvtjcnf-lboe!dpogje fourz!tubufe!
cvulghduvbmz!jodpssfdu!pslgbcsjdbufe/

Blopx.gbnpvt!fybnagnrfljowpmwFt!ibhbxzfs!xiplvtfe!DibuHQU!up!esbgu!bmFhbnlgjnjoh/!
Uifinpefithfofsbufe!dpowjodjoh!djubujpotiup!dpvsuldbtFtiuibu-'vgpo!jotgfdujpo-lejelopul
fyjtu/\Uijt!IfgjtpeflvoefstdpsTtiui flejggjdviuz!jo!stizjoh!po!MMNtljolepnbjot!x i fsfighduvb!
gsfdjtjpoljt!FttFfoujbnOtvdi!bt!sFhvibupsz!joufsqsfubujpo-Ifbsojoht!bobnztjt-!psidpnarjbodf!
sfFgpsujoh/

Pofitpivujpoljtiui FivtFlpg!SBHIgsbnxpslt-lejtdvttfe! fhsijfs!xijdilbmpx!ui Finpefilup!dpo.
tviulbo!fyufsobn lopxrfehflcbtflboefwfsbhflui fisfifwbouljogpsnbujpoljolui FllopxrFehflcbtf!

SWjtju! fuugt;00pgfobj/dpn0bqjo/

DGBlotujuvuf!SFtfbsdi!Gpvoebujpo! o 145


https://openai.com/api/

Blljo!Bttfu!Nbobhfnfou;!Upprt-Bqgnjdbujpot-boe!Gspoujfst

joldsbgujohljut!sFtgpotf/IFwfo!xjui!SBH-!i pxfwfs!wfsjgzjohluibului Finpefilvtfelui fljogpsnbujpo!
bqgspgsjbutiz!sfnbjot!b!dibmfohf/

Jolgsbdujdf-Ifwbnvbujoh!pvugvulstijbcjjuz!pgufo!sfrvjsftitfdpoebsz!fwbnvbujpo!nfdibojtnt!
tvdilbtiui fligpmpxjoh;

o lvnbol!sfwjfx-Igbsujdvibsizigpsidpnarfy!pstijhi.jngbdulvtfidbtft

o/  Tfdpoebsz!MMNt-Ixijdi!dbo!cFlgspngufeluplkvehfixifuifsiui fFinpefilpsixpslgipx!cfjoh!
fwbivbufe!jtihfofsbujohlui FifygFfdufe!pvugvulboelps!tpvsdjoh!ui fldpssfduljogpsnbujpo!chtfe!
polui Flgspnqu

Fwbrvbujoh!pvugvulcFdpnft!fwfo!npsfldibmfohjoh!jolnvij.bhfoulgjgfijoftOtztufnt!xi fsf!
ejggfsfoulMMNtipsinpevrft! iboe!pggljoufsnfejbufpvugvut/ligipofinpefilgspevdft!b! i bmvdjobufe!
pvugvu-luibu!lpvugvulnbz!tjrfouz!gspgbhbufluispvhilui fltztufn-lcsfbljohlubtl!nphjd!pslusihhfsjoh!
vojoufoefe!cFibwjpst/Uivt-pvugvulwbnjebujpolboelgbmchd ltztufnt!bsFiIFttFoujbnidpngpofout!
jolgspevdujpo.hsbeflefgmpznfout/

Fwbnvbujpo!jo!Epnbjo.Tqgfdjgjd!Dpoufyut

JolhfofsbilOMQ!sFtFbsdi-'npefildbgbcjijujft!bsFfwbivbufe!vtjohlcfodi nbsllebubtfut-!

X ijdilbsflibctifelebubtfutivtfelup!efufsnjofIMMN!gTsgpsnbodfljolejogfsfouldpoufyut!psiubtit/!
Epnbjo.tqfdjgjd!Ifwbnvbujpo!jolgiobodfisFnbjot!bolvoefsefwipqgfe!bstb-!i pxFfwfy!Nptulgjobodijbn!
ubtltOtvdilbtljoufsgsfujoh!b!21.Llgjnjoh-lhfofsbujoh!sjtltvnnbsjft-Ipsidibttjgzjoh!FTH!
ejtdiptvsFtOnbdl!tuboebsej{fe!hspvoelusvuiibcfit/

Uijtitjuvbujpoldsfbuftitfwfsbnld ibmFohft;

o/ Op'vojwFstbnPdpssfdup!botxfs! fyjtutigpsitvdilubtitbtitvnnbsj{bujpo!ps!obssbujwfbobrztjt/

o' Dsbgujoh!bo!fwbnvbujpo!nfusjd!jt!opulbt!tushjh iugpsxbse!bt!fwbnvbujoh!dibttjgjdbujpo!
qfsgpsnbodf/!Pgufo-pofinvtulcfldsFbujwFjoldpotusvdujoh!b!tjohrflnfusjdlup!efufsnjof!
qgfsgpsnbodfipsistijbcijuz!jolblqjgfjof/

o Ubtl.tgfdjgjd'cfodi nbsltinvtulpgufo!cfldpotusvdufeljo!ipvtf-Ixjui!tjhojgjdbou!ivnbo!
TFggpsu/

Gps'tvdi!bqanjdbujpot!bt!sfuvso!gsfejdujpo!ps!tfoujnfouldibttjgjdbujpo-fwbnvbujpo!nbz!ct!
hspvoefeljo!nbslfulsfFtgpotf!)f/h/-lgvuvsFisfuvsot*/ICvulgpsinpstlrvonubujwflubtltOtvdilbt!
gpnjdz!joufsgsfubujpo!psitupdlisfdpnnfoebujpotOrvboujgzjoh!npefilgfsgpsnbodfisFrvjsft!
ivnbo!fygfsujtflboelepnbjolgivfodz/! Xjui pvulsjihpspvt!fwbnvbujpo-lgisntisjtl'e Fgnpzjoh!npefit!
xiptflgfsgpsnbodfinbzlefhshef!tjrfounz!voefslofx!dpoejujpot!pstjoqvut/

Gpsxbse.Mppljoh!Dpoubnjobujpo!jo!Cbhdluftut

Bopui fsisjtljolvtjoh!MMNtlgps!bnq i b!tjhobnthfofsbujpo!jtiui FljttvFlpglgpsxbse.ippljohlcjbt/!
NptultbshfIMMNt! i bwf!cFfo!gsfusbjofe!poljoufsofu. tdbrflufyulvqglup!b!dFsubjo!dvupgglebuf/lglui bu!
usbjojoh!dpsgvtljodiveftiebublgspnlui ficbhdluftulgfsjpe-lui folui Finpefiinbz!PlopxplgvuvstT!
pvudpnftlevsjoh!ijtupsjdbitjnwvibujpot-fwfoljgljobewfsufourz/
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Gpsljotubodf-ljglb!npefiljtivtFelup!gsFejdului FitFoujnTou!ps!sfuvso!pg'tupd I tivtjohlofxt!i fbe.
fjoftlgspn!3121-lui finpefilinbz!jnagnjdjuz! fodpefjogpsnbujpolui bulxbt!opulbwbjibcrflbulu i Flujn /!
Uibuljt-ljg!blofxt!bsujdrf! i btlui Fli foenjof!POWIEIBlouspevdft!Y!Dijgplboelui finpefiljnagnjdjunz!
lopxtiuibuluijt!dijg!xbtiwFsz!qpgvibsigspnlgpsxbse.npp ljohlusbjojoh!ebub-luijt!xjm!jo i FsFounz!
cjbtiuifinpefilt!sftgpotflup!cFinpsfigptjujwt/

TpnTltuvejft!ibwflopufe-lipxfwfs!luibuluijtigpsxbse.nppljohljogpsnbujpoldbo!tpnfujnft!
ofhbujwfizljogivFodf!pvu.pg. tbnagnflgfsgpsnbodficFdbvtflui Finpefiljtiejtusbdufe!czlui FlgvuvsT!
obsshujwFt!boeljogpsnbujpo-lopulgpdvtjoh!polui FldvssFouljogpsnbujpo!bwbjibcrf/!HibttFsnbo!
boe!Mjo)3135*IsfgfssFelupluijtiqi Fopnfopo!btiui flejtusbdujpo!fygfdu/

Dpnanbodf-'Ebub!Tfdvsjuz-lboellQ!S;tl

Btlejtdvttfe!fbsijfsijolui Fidpoufyulpglefgmpznfoulnpefit-lui Fivtfipgluijse.qbsuz!BQit!gps!MMNI
jogfsfodfishjtFt!tfsjpvtidpnagrjbodfldpodfsot/!ICvulcfzpoelebub!gsjwbdz-Iblofx!dibtt!pgnfFhbn!
boeljoufmfduvbngspgfsuz!)iQ*jttvFtljt'fnfshjohlbspvoe!pxofstijqlboehjbcjijuz/

Lfz!dpodfsot!jodiveflui Flgpmpxjoh;
o/  Pxofstijg!pginpefpvugvut; Epftiui flgisn!pxolui flhfofsbufelufyu@ X ibuljglubulufyul
dnptfiz!isFtFncrftibldpgzsjhiufeltpvsdfitffolevsjohlgsfusbjojoh@

o/ Mjbcjjuzlgpsinjtjogpsnbujpo;lgibinpefithfofsbuft!b!njtifbejoh!jowftunfoulsfdpninfoebujpo!
ps'jodpssfdulsFhvibupsz!joufsgsfubujpo-Ixi p!jtisFtgpotjcrf@

o/ JoufsobilebubinfbIbhT;lglgspgsjfubszlebub!bsFlivtfeljolgspnqut!psigjof.uvojohlboelgspdfttfe!
czbluijse.gbsuz!npefi-lui Flebub!Nnbz!cfjobewfsufouz!sfubjofe!psiFygptfe-lefgfoejoh!
polqgspwjefs!gpndjft/

Ui ftfldpodfsotibsfibngrjgjfe!jolgjobodf-Ix i fsFlebub!hpwfsobodf!boe!sfhwvibupsz!dpnanjbodf!
bsflopulpqujpobn/!Gjsnt!tipvie!ftubcijti!drfbs!gpndjftibspvoe

o' joufsobnwfstvt!fyufsobnMMN!vtbhf-
o/ ebublbopoznj{bujpo'boe!njojnj{bujpo!gsbdujdft-lboe
o/ 1phhjoh-Ibvejulusbjrt-lboelivnbo.jo.uif.ppg!sfwjfxt/

Conclusion

Ui flbewbodft!jo!OMQ! i bwF!sfwpnvujpoj{Telgjobodjbnxpslgpxtiuispvhilui flefwfipgnfou!pg!
MMNt/!Bnui pvhilusbejujpobr-lubtl. tgfdjgjd!OMQINpefitigpvoelui fjsixbz!joup! FhsijFs!rvboujub.
uwFlnpefit-lui Flgrfyjcjjuz!hsboufelcz!dpowfstbujpobnnpefit! i bt!nbefIMMNt!bddFttjerflup!
ofbsiz! fwFszlgbdfu!pglui FljowFtunfoulgspdftt/!Btiui flufdi opiphz!dpoujovtiup!bewbodf-ljuljt!
jngpsuboulup!voefstuboe!ui flejggFsFouluzgft!pg npefit-lui Fislbqagnjdbujpot-'boe!jngrfnfoubujpo!
gsbnfxpslt/

Ui fligpxfs!pglui Ftfinpefitidpnftixjui!jngpsubouldbwfbut-! i pxfwfy!FggFdujwilefgnpznfoul
sfrvjsftibo!voefstuboejoh!pglui fjsibsd i jufduvshilgpvoebujpot-lusbjojoh!gspdfttft-lboelui f!
ushe . pggt!jowpmEeljolejogfsFouljnarfnfoubujpo!tusbufhjft/NpsFpwfs!jttvTt!pg'sfijbcjrjuz-!
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joufsqgsfubcjnjuz-'dpnqvubujpobndptu-ldpnarjbodf-boelepnbjo.tqfdjgjd!fwbnvbujpolefnboe!
dbsfgvildpotjefsbujpo-Igbsujdvibsiz!jo!ijhi . tub1ft!gjobodjbndpoufyut/

Ui FlgvuvsTipg!OMQ!jolgjobodfixjminjIfnz!cFltibgfelcz!izcsjelbgqspbdi ftiuibuldpncjoflui f!
hfofsbujwFlgpxFsipg!MMNt!Ixjui'tusvduvsfelebub!gjgfijoftiboelusbejujpobnluyjnf. tfsjFtinpefit/!
Btinpefnt!dpoujovfiup!fwpmFOjoufhsbujoh!nviujnpebnjoqvut-ljngspwjohlsfotpojoh!bcjnjujft-!
boe!bebqujohlup'tgfdjbnj{felepnbjotOtvddfttixjmefqfoelopulporz!polufdiojdbntpqijtujdb.
ujpolcvulbrtp!polsihpspvt!fwbivbujpo-'tpvoe!hpwfsobodf-boelbleffqlvoefstuboejoh!pglui F!
gjobodjbnepnbjo/

Joltipsu-IMMNt!bsFlblgpxfsgvilufd i opnphzluibulxjminb1fjogpsnbujpo!bttjnjibujpoljolgjobodjbn
nbslfut!nvdilgbtufsiboe!fygjdjFou/MjIFIboz!gpx<Fsgvnluppn-! i px<fwfsui fjslwbnvinjFtlopuljo!
sbx!dbgbcjrjuz!cvuljo!dbsFgvi-ldpoufyu.bxbsFlbqanjdbujpo/
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)3118*tipxfeluibu'tpsujoh!dpn npejujftibddpsejohluplui fjslgbtu!23. npoui!sfuvsot!gspevdftib!
npohéti psulqpsugprjp!xjui'tuspoh!boe!tubujtujdbmz! tjhojgjdboul fydFtt!sfuvsot/IUi jtIFygFdultvswjwFt!
tuboebse!sjtl!bekvtunfout-ljoejdbujohluibuljuljt!opu!porzidpngfotbujpolgps!lopxo!fyqptvsTt/
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Fyijcjul2'UinT. TfsjFt!Npnfouvn!gps!Fod1!GvuvsTt!Dpousbdu-!
Kbovbsz!2: - 56Kvof!3135
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Contract Name

Industry
I Bhsjdviuvsbrt M Fofshz M Nfubrt

Tpvsdf;!Cippncfsh!MMD/

Joldpousbtu-lujn . tFsjFtinpnfouvn-tipxo!jo!Exhibit 1-lusfbut!'fbdi!dpnnpejuz!poljut!p>xo/lb!
hjwFo!dpousbdu! i bt!sjtFolevsjoh!ui flgbtu!lzfbs!juljtijIfiz!up!dpoujovFlup!sjtF-'boeljgljul ibt!'cFfo!
gbmjoh-!pofidbo!fyqgfdulnpsf!pglui FitbNnT/'Nptlpxju{-'Ppj-lboe!Qfefstfo!)3123*jngrfnfoufe!
uijtiiphjdicz!hpjohlipoh!ldpnnpejujftixjui!gptjujwf!23.Nnpoui!sfuvsotiboe!tipsului ptfixjuilofh.
bujwFlpoft/IUi fisFtviu!xbt!ijhinz!dpotjtufoulgspgjut!bdspttiep{fot!pg'nbslfut/Uijtibqqgspbdiljt!

ui flcbdlcpof!pginboziusfoe.gpmpxjoh!dpnnpejuziusbejohlbewjtfst!)DUBt*boe!nbobhfelgvuvstt!
gvoet-!gspwjoh!jut!sfrfwbodfljomwE!tusbufhjft/

Xizlepftinpnfouvn!xpsl@!Ui fifygribobujpotigpsiuijt!qi Fopnfopo!shohflgspn!cFibwjpsbn!
cjbtft-'tvdi!bt!ifsejoh!boe!bodi psjoh-lup'tusvduvshnlgsjdujpot!uibultipx!jogpsnbujpo'ejgvtjpo/!
Ingpsubourz-lNnpnfouvn'joldpnnpejujft!jtiopulb!nbslfu.tqfdjgjd!rvjs1/!Sbui fs!juljt!igbsu!pg!
blhnpcbitbopnbnz!pctfswfeljo!frvjujft-lcpoet-'boe!dvssFodjft!bnlf)Btoftt-INptlpxju{-!
boe!Qfefstfo!3124*/

Dbssz!boe!Chtjt;!Ui flUfsn!TusvduvsT!bt!b!Qsfejdups

Ui flufsn!tusvduvsT!pglgvuvsTtigsjdft!pggFstiwbnvberfljotjh uljouplui Fifygfdubujpot!boe!
gptjujpojoh!pgwbsjpvt!fdpopnjd!bhfout/!Cz!fybnjojohlui Fisfibujpotijg!cfuxffolbldpnnpejuzit!
gvuvsTtigsjdfiboeljut!tgpu!gsjdflpsiczidpngbsjoh!qgsjdftibdspttlejgfsfouldpousbdu!nbuvsjujft-ljuljt!
pgufo!gpttjcrflup'jogfsiejsfdujpobntjihobnt!bcpvulgvuvsTisfuvsot/!Uijt!jogpsnbujpoljtifodbqtvibufe!
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Nbdijof!Mfbsojohljo!Dpnnpejuz!GvuvsTt;!Csjehjoh!Ebub-IUi fpsz-lboe!Sfuvso!Qsfejdubcinjuz

jolui Fldbssz!psichtjt-Ixijdi!'tFswftibt!b!1fz!gsfejdujwF!tjhobijo!nboz! fNqgjsjdbnbttfulgsjdjoh!
gsbnfxpsit/

Xifolgvuvsttibstljo!cbdlxbsebujpo!)ofbs.ufsnlgvuvstt!gsjdfelctipx!tgpu*-julpgufo!tjhobnt!
tvaqgnz'tusftt!boehpx!jowfoupsjft/'Bddpsejohluplui Flui Fpsz!pgtupsbhf!)Lbreps!2 -4 :<Xpsljoh!
2:5:*Icbdlxbsebujpolsfypfdut!b!ijhildpowfojfodfizjfie-lbo!jnanjdjulcFofgjulup!i prejohlui !
giztjdbildpnnpejuz/oluijtidpoufyu-hpjohlipoh!fhsot!zpviblgsfnjvnlgps!gspwjejohhjrvjejuz!ps!
jowFoupsz!tFswjdft/

Dpowfstfiz-'dpoubohp!)x i folgvuvsFtibsFlbcpwltqpu*sFgrfdut!tvsgmvt!tvqgrz!boehbdl!pg'vshfodz!
up!iprelui Flhppe/Mpoh!gptjujpotljoltvdi!nbslfut!pgufoliptflwbnvFibt!dpousbdut!spmigpsxbse/!
Hpsupo-! I bzbtij-lboe!Spvxfoipstul)3124*dpogjsnfe!xjuilefdbeft!pglebubluibuldpnnpe;j.
uFtIxjuilujhiuljowFoupsjFtiboe!ijhilcbtjtiufoelup!fbsolijhifsisfuvsot/!Ui i fehjoh!gsfttvsF!
izgpuiftjt!pggfstib/dpngrfnfoubsziwjfx/'Dpnnfsdjbnigibzfst-ltvdilbt!gspevdfst-li fehflui fjs!
fygptvsficz!tipsujohlgvuvsFt/ITgfdvibupst!xjmohluplub I flui finpoh!tjeflefnboelblsjtl!gsfnjvn/!
Uijtlezobnjdinfbet!up!gsfejdubcrflesjguljolgvuvst!gsjdFt!pwTslujnT-luzgjdomz!vgxbse-lcfofgjujoh!
npoh!iprefst/IFNqjsjdbntuvejft!)f/h/-lefISppo-IOjknbo-boe!Wfie!3111<!Cbtv!boe!NjggsF!3124*!
ibwF!tipxoluibunpohotipsu'tusbufhjfticbtfe!po!i fehjoh!gsfttvsfips!dbssz!tjhobnt!dbquvsF!
tvctuboujbn fydFtt!sfuvsot/lJo!gsbdujdf-lb!tjngrfldbssz!tusbufhz!jowpmwTt!sbo ljoh!dpnnpejujfticz!
ui fjs!lcbtjt'boe!hpjohlippohlui Flupg!rvboujrflboe!tipsului flcpuupn/

TIFxoftt;! Xi1fo!'Btznnfusz!Nbuufst

B!'npsflsfdfoulboelovbodfelbopnbnzljtisfuvso!tIfxoftt/'Dpnnpejuz!gsjdftibsfigspoflup!tgjlft!
gspn!hfpgprjujdonfwfout-Ixfbui Fs!ps'tvgarz!dibjo!tipdlt/'Uijtlufoefodz!dsfbuftibtznnfusz!
jolsfuvsot-Ixjui!'tpnfinbslfut!tipxjohlgbulsih iulubjrt)puufsz.njl Flvgtjef*lboe!pui Fst-fgulubjrt!
)tveefoldsbti ft*/|GFsoboef{.QfsF{-IGsjkot-IGvTsuft-lboe!NjoysF!)3129*gpvoeluibuluijt!btznnfusz!
dpoubjot!gsfejdujwFwbnvf/!Dpnnpejujftiuibul i bwFlFyqfsjFodfelofhbujwFltIfxofttOgsFrvfou!
tnbmhbjot!xjui lsbsFiibshFipttFtOufoelup!efijwfs!ijhi FslgvuvsFisfuvsot/!U i Fljouvjujpo!jtisjtl!
cbtfe;lowftupstisfrvjsfiblgsFnjvn!up!ctbslepxotjeflubjisjtl/o!dpousbtu-Iqgptjujwinz! t I fe!
dpnnpejujft)btnbm!dibodf!pgxjoegbmhbjot*!buusbdu! pwfsdpogjefoulps!sjtl. tFFljohlcvzfst-!
gvtijohlgsjdftivg'boe!fygfdufelsfuvsot!epxo/

B!tIfxoftt.cbtfe!tusbufFhzipoh!polofhbujwiz!tIfxFelboe!ti psulpo!gptjujwfiz!tlfxfelgvuvsft-!
fhsot!bcopsnbilsfuvsot!opulfygibjofelczinpnfouvn!ps!dbssz/!Buipvhi!ibsefslup!jngrf.
nfoulcfdbvtfipgijhifs.npnfoulftujnbujpolboe!tjhobrljotubcjrjuz-luijtlbopnbrz!ijhinjhiut!
uibulubjrisjtIt!NbuufsOuibulgjobodjbnnbsIfut!gsjdflui Fligvm't i bgF!pglui Fisfuvsolejtusjcvujpo-lopu!
ponz!wbsjbodf/

Jejptzodsbujd'Wprbujnjuz;!'U 1 F!Spiflpg'Vofyqgibjofe!Sjtl

Jejptzodsbujdiwpnbujnjuz!)JWPM*IsFgfFstiup!ui Flwpnbujrjuz!pg'b!dpnnpejuzit!'sfuvsotiuibuljt!opu!
fygbjofelcz!cspbe!nbsifulpsigbdups!npwfnfout/Uo! Frvjuz!nbslfut-lijhiljejptzodsbujdiwpnbujrjuz!
jt'pgufolbttpdjbufe!xjuiipxFsitvctfrvfoulsfuvsot)ui FIWPMbopnbiz*-lboe!lb!tjnjbs!qi fopnF.
opo!ibt!cffo!fygipsfeljoldpnnpejujft/!IFbsiz!tuvejftigpvoeluibuldpnnpejuz!gvuvsFt!xjuilijhi!
gbtuljejptzodsbujdiwprbujrjuz!ufoelup!voefsqfsgpsn-tvhhftujoh!blofhbujwflsfibujpo!cfuxffo!
IWPM!boe!gvuvsFlisfuvsot!bobnphpvtiup!Frvjujftnpx.wprbujijuz!bopnbrz/lJolui Fldpoufyu!pgldpn.
npejuzigvuvstt-WWPMdbquvsTtisjt I tluibulbsFinbslfu'tgfdjgjd-'tvdibtitvganz! ti pd I t-!'tfbtpobn!
gbuufsot-!psiphjtujdbntejtsvqujpot-luibuleplopuldp. npwfixjuilui Flcspbefsldpnnpejuz!dpnarfy/!
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GvTsuft-!NjggsT-Iboe!GFsoboe{.QfsF{!)3126* Fygnpstelui FlsprfpgiWPMjoldpnnpejuz!nbsifut-!
tipxjohluibuljutljoufhsbujpoljoup!nviujtjhobnlgsbnfxpslt!dbo!jngspwElgpsugpnjp!ejwfstjgjdb.
ujpo/!Gps!jotubodf-ldpncjojohiWPMIXjui lnpnfouvn!boelufsn!tusvduvs T tjhobrt!bmpx<t!gps!ui F!
dpotusvdujpo!pg!npsflispcvtunpohdti psu'tusbufhjfticz!Fyqgipjujoh!ldpngrfnfoubsz!tpvsdft!pg!
jogpsnbujpo/!GFsoboef{.QFsF{!fulbn/!)3129*gvsui Fs!bobiz{Fe!IWPM!jo!ui FiqsFtFodF!pg!Ftubcrjtife!
dpnnpejuzigbdupst-tijhinhiuvjohljut!'sfrfwbodflgpsivoefstuboejoh!ldpnnpejuz. tqfdijgjd!sjtl!
cfzpoeltztufnbujdlesjwfst/!Bui pvhiiWPMvtFlibt!bltuboebnpof!tjhobnjtirFtt!tusbjh i ugpsxbse-!
jut!joufsbdujpo!xjui!pui FsltusvduvsbnlgFbuvsFt!pglui FinbsIfuljt!xpsui!jowFtujhbujoh!jo!bo!NM!
sttfbsdi!dpoufyu/

Cbtjt'Npnfouvn;!Sjejoh!ut fIDvswfit! Tnpgf

Cbtjtinpnfouvn!jtiblsFdfounz!jeFoujgjFe!gsFejdupsiuibulfyqgnpjut!jogpsnbujpo!jolui Fitibgfipg!

ui FlgvuvsFtidvswi/luljtlefgjofe!btlui FlejggFsFodFlcfuxffolui Finpnfouvn!pglofbs.ufsnigvuvstt!
boelui finpnfouvn!pglefyfssfe!)tfdpoe.ofhscz*lgvuvsTt/Uijt!gbdups! FogFdujwinz!dbquvsFtiui !
tpgflboe!dvswbuvsFlezobnjdt!pglui FluFsn!tusvduvsT;!Bltusbufhz!hpjohinpoh!dpnnpejujft!
xiptflofbscz!dpoushdut! i bwFlpvugfsgpsntelui fjs'tFdpoe.ofbscz!dpousbdu)boe!tipsujohlui ptf!
Xjuilui Flpqgptjufigbuufso* fbsot!tjhojgjdboulsfuvsot/!ICppot!boe!Qsbep!)312 : *ljouspevdfelchbtjt!
npnfouvn'boe!tipxfeljultuspohnz!pvugfsgpsntiusbejujpobritjihobnt-ltvdibt'tingrfinpnfouvn!
ps'dbssz!)cbtjt*ljo!gsfejdujoh!ldpnnpejuz!sfuvsot/olui fjslgjoejoht-Ib!gpsugpnjp!tpsufe!polcbtjt!
npnfouvnlgspevdfelbshfltgsfbelsfuvsot!cpuiljoldsptt. tfdujpolboeluyjnfitfsjft-ljoejdbujohluibul
uijt'nbuvsjuz. tgfdjgid!npnfouvn!fygfduljtiblgpxFsgvitbopnbnz/!Uificbtjtnpnfouvn!gsfnjvn!
bqgfbstiup!cFisfibufe!lup!wpnbujnuz!boe!tFhnfoubujpo!bdsptt!dpousbdu! nbuvsjujft/'Gps! fybnanf-!

x i foltgfdvibupstiisjtl.cfbsjoh!dbgbdjuz!jt'tushjofe-Injtgsjdjoh!dbo!pddvs!cfuxffolofbs!boelgbs!
dpoushdut-Ixijdi!cbtjtinpnfouvn!tusbufhjft! Fygnpju/!Gpmpx.vq!tuvejft!ibwFldpogisnfelui f!
spcvtuoftt!pgluijtigbdupy!Qbtdi IF-!Qsplpqd{vi-boe!Tjnfo!)3131*!gps!jotubodf-lepdvnfoufe!
bltjnjmbs!PdvswF!npnfouvnp!tusbufhz)pgfsbujoh!polui Fgjstuluxp!dpousbdu! nbuvsjujft*luibul
bdijfwFt!ijhi!Tibsgflisbujpt!boelqptjujwFibngib!bgufs!idpouspmjoh!gps!pui Fslgbdupst/

Pqgfolloufsttu;!SFbejoh!lui FIDspxe

PqgfoljoufsftulsFgsFtfout!ui flupubnovncfs!pg!pvutuboejoh!dpousbdut!)npoh!ps!ti psu*ljo!b!
gvuvsTtinbslfulboeljtipgufolwjfxfe!btiblhbvhflpgnbslfulgbsujdjgbujpo!boehjrvjejuz/'Vojrviiz-!
pgfoljoufsftuljtiopulb!gsjdf.cbtfe!tjhobncvulb!rvboujuz.cbhtfe!nfbtvsFluibuldbo!sfyrfdului F!
fotfixjui!lxijdilsjtlljtibctpscfelcziui Finbslfu/!!STtfbsdi!cz! I pohlboe!Zphp!)3123*tipxfe!
uibulnpwfnfout!jo!pgfo!joufsFtuldpoubjowbnvberfljogpsnbujpolbecpvuldpninpejuzisjtligsfnijb/!
TqgFdjgjdbmz-lui Fz!lgpvoeluibuljodsFbtft!jo!pgfoljoufsftulufoelup!gsFejdulnpxFsigvuvsFisfuvsot!gps!
dpnnpejuz!dpoushdut-Ix i fsfbtlefdijojoh!pgfoljoufsFtulgsFejdut!ijhi FslgvuvsFisfuvsot/IUijt!
gbuufsoljtidpotjtufoulxjuilui Fljefbluibulx i folnpsfljowFtupst!)gbsujdvibsizitqfdvibupst*Ifoufs!
bInbsIfu-lesjwjoh!pgfo!joufsftulvg-lui fz!gspwjefisjtl.cfbsjoh!dbgbdjuz'boelgvtilsjtligsfnjvnt!
epxo/'Dpowfstfiz-Ixifo!pgfo!joufsftulesjftivg-lsfnbjojoh!i fehfstinvtulpgyfs'ijhifs!'fygfdufe!
sfuvsotlup!foujdfltgfdvibupstiuplub Iflui Flpui Fs!tjef/ISTibufe!xpslibrtp!ibt!tipxoluibulpgfo!
jouFsFtuljtlijhinz!gspdzdidbiiboe!dpsstibufe!xjui!nbdspfdpopnjdibdujwjuz-'sfjogpsdjoh!ui fljoufs.
gsfubujpoluibujultjhobnt!ui flcspbe!mpx!pgljowfFtunfouljoup!dpnnpejuz!nbslfut/!Npsfpwfs!lui f!
gsfejdujwFiqpxfsipg!pgfoljoufsttu! i pret!fwfolbipohtjefpui fsigsFejdupst/IDi Foh-ILjsjrfolp-Iboe!
Yjpoh!)3126*gpvoeluibultvshft!jo!gbsujdjgbujpo)pgufoldbquvsfe!cz!pgfo!joufsFtu!ps!jowftups!
gptjujpot*dbo!rfbelup!PdpowFdujw!sjtlgnpx<th!bggFdujoh!gsjdjoh!cfzpoe!x i bulgjvoebnfoubrt!
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bnpofixpwieltvhhftu/Vo!gsbdujdF-Inpx.pgfo.joufsFtulFowjsponfout! ibwflcFfolbttpdjbufe!xjui!
tvctfrvfoulgptjuiwfldpnnpejuz!sfuvsot-btisjtl!gsfnjvnt!sjtFlup!buusbduldbgjubn-I< i Fsfbt!
ijhi.pgfo.joufsttulgfsjpetidpjodjef!xjuildpngsfttfelsfuvsot/

StibujwF!TusFohuiJoefy;!B!UFd 1 ojdbn P tdjmbups

Ui fisfibujwfltusFohui ljoefyljtiblcpvoefe!ptdjmbupsieFtjhofelup!dbquvsTlui Flwfnpdjuz!pg!sfdfou!
gsjdfinpwfnfout-luzgjdbmz!vtjoh!b!25.ebz!xjoepx/o!dpnNnpejuzigvuvstt-ljuljtpgufolvtfelbt!
b!dpousbsjboluppr-!xjuiluisFtiprelrfwiit!bcpwf!81ljoufsgsfufe!bt!pwfscpvhiulboe!ctipx!41!bt!
pwFstpre/!Biuipvhi!ST].cbhtfe!tusbufhjft!bsFjouvjujwfboe!xjefiz!bepqufe!cz!gsbdujujpofst-!
Thsiz!bdbefnjd!fwbnvbujpotigpvoeluibului FibqgspbdilgspevdfefttisfijberfisFtvut!dpngbsfe!
XjuilusFoe.gpmpxjoh!svift/IMvIbd-ICspstfo-lboelisxjo!)2 : 99*IsFgpsufelnjnjufe!gspgjubcjnuz!gspn!
tuboebse!STIjnagrfnfoubujpot!bdsptt!blcspbe!tfulpgldpnNnpejuz!nbsifut/!Npsf.sfdfoultuvejft-!
i pxfwfs!tvhhftuluibuljut!gfsgpsnbodfldboljngspwf!ix i foldpncjofe!Xjui!wpnvnfljoejdbupst!ps!
npejgifeluisttiprenfwiit/!ZFolboe! 1 tv!)3121*ti pxFeluibulizcsje!tusbufhjFt!jodpsqpsbujoh!ST!
boe!npofz!gpx!tjhobit!qfsgpsn!dpngfujujwfiz!jo!dfsubjoldpnnpejuz!tfdupst-lboe!Boefstpo!boe!
MjN3126*lefnpotusbufeluibuluvojoh!STilgbsbnfufst!foibodftisfuvsot!jo! Fofshz!boe!bhsjdvmuvsbn!
nbslfut/'Buipvhilui fltuboebipofitjhobnnbz!fyijcjujnjufelgpsfdbtujoh!qpxfsljo!jtprbujpo-!1STI!
sFnbjotbvtfgvilujnjohluppnxjuijo!nviujtjhobilgsbnfxpslt-gbsujdvibsiz!gps!sfgjojoh!fousjFtiboe!
fyjutljo!nfbo.sfwfsujoh!fowjsponfout/

Npwjoh.Bwfsbhf!Dspttpwfst;!Usfoe!Gpmpxjoh!jo!Qsbdujdf

Npwjoh.bwFsbhfldspttpws!tztufntlbsflbnpohlui finptu!foevsjoh!boe!fngjsjdbmz!tvgqpsufe!
ufdiojdbnsvift!joldpnnpejuzigvuvsFtinbsfut/!U i FtfitusbufhjFtjowpmFldpngbsjoh!b!tipsu.ufsn!
Nnpwjoh!bwfsbhf-ldpnnponz!b!61.ebz!xjoepx-Ixjui!bpohfs.ufsn!bwFsbhf-ltvdi!bt!311!ebzt/!
Blcvz!tjhobnljt!hfofsbufe!x i folui fitipsu.ufsn!bwfsbhfldspttftibcpwflui fiipoh.ufsn!bwfsbhf-!
boe!b!tfm!tjhobn'pddvst!polblepxoxbseldspttpwfylUijtinfdibojtn!tFFltlup!fyqgipjulgfstjtufou!
usFoet!xijrflbwpjejoh!ti psu.ufsn!opjtf/IMvIibd!fulbi/)2 - 99*igpvoeluibulevbrlnpwjoh.bwfsbhf!
tusbufhjft!gspevdfe!tubujtujdbmz!tjhojgjdboulsjtl.bekvtufe!sfuvsot!bdsptt!inviujgrfldpnnpe.
juz!dpousbdut/!Qbsl'boelisxjo!)3118*-ljolbldpnagsfi FotjwFisfwjFx!pg'npsfluibo!: 1'tuvejft-!
dpodivefeluibulnpwjoh.bwFsbhfltztufFntixfsfidpotjtufouz!bnpoh!ui Finptulspcvtulufdiojdbn!
sviftljolgvuvsFtinbsifut/'T{blNnbsz-Tifo-boe!Tibsnb!)3121*gvsui Fsiwbnjebufe!lui FggFdujwt.
oftt!pglui Ftflsvrftibdsptt!39!dpnnpejuz!nbslfut-'tipxjohluibulfydfttisfuvsot!qfstjtulfwfo!
bgufs!bddpvoujohlgpslusbotbdujpo!dptut!boelebub.toppgjoh!dpodfsot/!Obsbzbo-!Binfe-lboe!
Obsbzbo!)3126*!bntp!dpogjsn Felui Fitjhobnlt!gsFejdujwlwbnvfljo!b!dsptt. tFdujpobngpsugpnjp!dpo.
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gptftr-lipxfwfs!blvojwbsjoufinpefilxjuiluibuldpnnpejuzit! 1 fzlesjwfstinjh iulcflicfuufsitvjufe/

Empirical Results

UijtitfdujpolgsFtfoutiui Fifnqjsjdbnfwbnvbujpo!pglui Fligspgptfelgsbnfxpsl/iicfhjo!czleftdsjc.
johlui flebubtfu-lgFbuvsFldpotusvdujpo-boe!nfui pepnphjdbntfuvglvtfelgpsigpsFdbtujoh!bdsptt!
nvujgrf! i psj{pot/!Ofyu-llbobnz{flui fljogpsnbujpo!dpoufoulboe!sfibujwf!jngpsubodfipg!fbdi!
gFbuvsFixjuijo!cpptufelusFfocbtfe!npefitiup'voefstuboe! i px!gsfejdujwflesjwistiwbsz!<jui!
ipsj{po!rFohui/!Gjobmz-UbttFttiui Fipvu.pg. tbnagrflgFsgpsnbodfpgljoejwjevbninpefit'boe!fotfn.
crflbqgspbdi Ftluispvhihpohoti psulgpsugpnp!tjinvibujpot-ldpngbsjohlui Fjs!'sjtl.bekvtufe!sfuvsot!
boe!bobnzujdt!bdspttigpsfdbtu!ipsj{pot/

Ebub!boe!Nfuipepiphz

Ui fitbnarflvojwFstFldpotjtut!pg!52!ebjiz!dpoujovpvtigvuvsTt!idpoushdut;!34!bhsjdviuvsbiidpin.
npejujft-!19fofshzlgspevdut-lboe!21Infubnt-Ibt!tipxo!jo!Exhibit 2/tpvsdfe!gsjdFtboe!pgfo!
joufsftulebublgspn!Cippncfshlgpsiui Flgjstulboe!tFdpoe!dpousbdut!brpoh!ui Flufsn!tusvduvsf-!
xijdi!xFsFlvtfelup!dpotusvdului FlgFbuvsFt/IGps!Tbd i ldpousbdu-lldpngvufe!b!dpoujovpvt!gsjdf!
tfsjftivtjohlui ficbdl.bekvtufe!sbujp!nfui pepnphz/!Uijtibqgspbdi!bggnFt!b!nviujgndbujwf!
bekvtunfoulgjwFlebzt!gsjps!up!fbd i !dpousbdulspm-vtjoh!ui Fisbujp!cfuxFfolui flofyulboe!qgsfw.
pvt!dpousbdulgsjdftiup!sFtdonflbmigsfdfejoh!qsjdft/!UijtigspdfttifotvsFtiuibulsfuvsot!boe!bm!
gsjdf.cbtfelgfbuvsftisfnbjoldpotjtufoulbdspttiui fitFsjFt-lbwpjejoh!bsujgidjonkvingt!dbvtfe!cz!
spmFggFdut/IGps!sfuvso.cbtfelgfbuvsTt-bmgsjdftlopulefopnjobufeljo!VT!epmbst!xfsfldpowfsufe!
up!'VTlepmbst/!X i follldpngvufe!gsjdfisbujpt-! i pxfwfs!dpousbdut!xfsfinbjoubjofe!jolui fjsipdbn!
dvssfodzlup!'njojnj{fiui fjogvFodfpg fydibohfisbufinpwfnfout!polebjz!gsjdflezobnjdt/

Bt!pvujofeljolui Fligsfwjpvt!tfdujpo-lldpotusvdufelui FlgFbuvsTitfulpolui Flicbtjt!pglcpui!lui Fpsfu.
jdbntboe!qgsbdujdbnjotjh iut!lgspnlui Fhjufsbuvst/IU i Fpsfujdbmz!npujwbufe!gfbuvsttljodivef!dbssz-!
uynTf.tfsjftinpnfouvn-ldsptt.tfdujpobnnpnfouvn-lcbtjtinpnfouvn-boeljejptzodsbhujd!
wpnbujnjuz-1< 1jd i lbsFixfmepdvnfoufe!jo!fngjsjdbnbttfulgsjdjoh!tuvejft/!Qsbdujdbmz! npujwbufe!
tjhobrt!xfsfleshxolgspn!xjefizivtfelufdiojdonbobiztjt!i fvsjtujdt-ltvdi!bt!npwjoh!bwfsbh !
dspttpwfst-lui FisfibujwfltusFohui!joefy-lboe!npwjoh!bwfsbhft!pgpgfoljoufsftu-lsfyrfdujoh!
tusbufhjft!pgufoljngrfnfoufe!cz!tztufFnbujdlusbefst/!UijtigspdfttisFtviufe!jo!blupubnpglojof!
ejtujodulgFbuvsFigbnijnjft-1fbdi'bjnjohlup!dbquvsflejgfsfoultusvduvsbnbtgfdut!pg'dpnnpejuz!
gsjdflcFibwjpy

JoljoFIxjuiltuboebse!gsbdujdftljo!Frvjuz.cbtfe!nbdijofinrfbsojoh!sftfbsdi'boeljotgjsfelczlui !
npplcbdl!xjoepx!gbsbnfufs)k*jolkKFhbefftilboe!Ujunbo!)3112*-Jbqqrjfe!25ejgfsfounpplcbdl!
gfsjpetiup!fbdi!pglui FlojoFlgFbuvsFluzqft/\Ui finpplcbd I t-IfygsFttfe!jolusbejohlebzt-bsf21-!
33-155-177-199-1241-1311-1363-1411-1493-1511-1615-1711-boe!867/'Ui FtFIxjoepxt!bsFleftjhofe!
up'tgbolviusb. tipsu.ufsn-tipsu.ufsn-INnfejvn.ufsn-hpoh.ufsn-boelviusb.npoh.ufsn!ipsj{pot-!
bmpxjohlui flnpefitiuprfbsolgspnlusfoelezobnjdt!boe!tfotpobigbuufsot/!Uijtibqgspbdi!zjfiefe!
blupubn!pg!237'ejtujodulebjnz!gFbuvsFtiqfsidpousbdu/

Ui fligvmlebubtfuldpotjtut!pglbggspyjnbufiz!51injmjpolebublgpjout!bdspttidpoushdut-lebuft-boe!
gFbuvsFt/IGps!tvgfswjtfe!nbdijofinfbsojoh-Uldpnqgvufelebjizisfuvsotigspn!dpoujovpvtigvuvstt!
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qsjdfitfsjFt!ipwfsiwbsjpvtiqsfejdujpo! i psj{pot;!6-121-133-155-177-191-1211-boe!311!ebzt/IFbdi!
gsfejdujpo!i psj{po!dpssFtqpoetiup'b!tFgbsbufitvgfswjtFelrfbsojoh!npefi-Ifobcrjohlui fibobnztjt!
pglujnf.wbszjoh!gsfejdubcijnuz!bdsptt!i psji{pot/!BmlgFbuvsFt!boe!ubshfulwbsjbcrftibsflopsnbij{fe!
joup!gfsdfoujrftiup!FotvsFldpnagbsbcjrjuz!bdsptt!dpnnpejujftiboe!pwfsiujnf-INjujhbujoh!tdbnf!
ejygfsfodftiboe!foibodjoh!npefiltubcjrjuz!evsjohlusbjojoh/!Exhibit 3!t pxtluifldpssfibujpo!

i fhunbq!pg!gfsdfoujif.usbotgpsnfelgFbuvsFt/UulsFwFbrt!u i bultfwFshnlgFbuvsFlgbnjfe-ltvdilbt!
CBTITNPN-'DBSSZ-hoe!TLFX-!bsflibshfiz!vodpssfibufe!xjui!fbdi!pui fs!joejdbujoh!ui fz!dbquvsT!
ejtujodulejnfotjpot!pg!sfuvso!gstFejdubcinjuz/!Xjui joljoejwjevbnlgb njrjft-lui Fljngbdu!pghpp lcbdl!
gbsbnfufstiwbsjft; WWPMlgFbuvsTtibsT! i jhinz!dpsstibufe!bdsptt!ejggfsfoul i psj{pot-ltvhhftujohluibu!
ui Fidipjdfipghpplcbdl!ibthjnjufe!jogvfodflpolui fjsljogpsnbujpoldpoufou-!xijiflitvdilgfbuvsFt!
bt!NPN-IUTNPN-boe!ST]'ti px!hsfbufsiwbsjbujpo!xjui!i psi{polrfohui-lijhinjhivjohlui fis'tfot;.
ujwjuzluplui fiipplcbdl!gbsbnfufy

Crdbvtflui fltdpgfipgluijtidibqufs!jitiopulup!dpngbsflejggfsFoultvgfswitFe!npefit!cvulsbui fslup!
gpdvt!polui Flbqgnjdbujpo!pg!NMup!dpn npejujft-Ntfrfdufe!bltjohnfluzgfipg! NMInpefiCb!sFhsFt.
tjpo!cpptufelusFFinpefiOuplusbjo!pwfsibmiui Flwbsjpvt!gsfejdujpo!i psji{pot/CpptufelusFft!bsfib!
gpxTfsgvilboelsthvibsj{fe!jngrfnfoubujpo!pg'hsbejfoulcpptujoh-Ixjefizivtfeljo!dsptt.tfdujpobn
giobodf)tff'Hvjeb!boe!Dprvfsful312:*/Jotufbe!pgigjujoh!pofinbshflusFf-lui Flbnhpsjui nlcvjiet!

bolfotfncrflpgtibmpxiusFt-IxifsfifbdilofxlusFfligpdvtft!po!dpssFdujohlui fisftjevbrt!pglui !

Fyijcju!4/'Dpsstnbujpo! I fFbunbq!pg!'Qfsdfoujrf.Usbotgpsnfe!GFbuvstt!

pwEslut FIGvm Tonagnf

CBTITNPN21 =
CBTITNPN33 =

CBTITNPN493
CBTITNPN615 =&
CBTITNPNB867 -Z&!
WwPM241 -
WPM363 -
WPM511 -
WPM711 -
WPMI9 - =
NB311 - E5 52
NB411 -
NB55 -
NB77 -
NBW21 -
NBW33 -
NBW493 -
NBW615 -
NBW867 =
NPN241 -m5=%=
NPN363 -
NPN511 -
NPN711
NPN99
DBSSZ311
DBSSZ411
DBSSZ55
DBSSZ77
STi21 «
STI33 -
STI493 -
STI615 -
STIB67 = 2
TLFX241 -
TLFX363 =
TLFX511 -
TLFX711 =
TLFX99 -
UTNPN311 -
UTNPN411 -
UTNPN55 -
UTNPN77 -

1
7
1
1
3

mememe

WPM21 -
WPM311 -
WPM363 -
WPM493 -
WPN55 -
WPM711 =
WPM867 =

NB21
NB311
NB363
NB493

NB55
NB711
NB867
NBW21

NBW311
NBW363 -
NBW493 =
NBW55 -
NBW711 -
NBW867 -
NPN21
NPN311
NPN363
NPN493
NPN55
1
DBSSZ21 -

DBSSZ311 -

DBSSZ363 =

DBSSZ493 -

DBSSZ55 -

DBSSZ7 i

TLFX55
TLFX711
TLFX867

UTNPN21

UTNPN311

UTNPN363

UTNPN493

UTNPN55

UTNPN711

UTNPNB867

CBTITNPN21 -
CBTITNPN311 =
CBTITNPN363 -
CBTITNPN493 =1
CBTITNPN55 - |
CBTITNPN711 =&
CBTITNPNS867 =i 1 i
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gsfwjpvt!poft/iUijtitFrvfoujbrirfbsojoh!gspdftt!foberftiui Finpefilup!dbquvsFldpnagnrfy-lopo.
njofbs!joufsbdujpot!cfuxffo!gsfejdupstiboelui Flubshfulwbsjberf/!Bulfbdi!jufsbujpo-lcpptufelusFFt!
njojnj{fb!sFhvibsj{fe!pckfdujwFlgvodujpoluibuldpncjoft!blejggFsFoujbcrfnptt-ltvdi!bt!trvbsfe!
Tssps!pshiphjtujdnptt-Ixjuilgfobmjft!polnpefildpngrfyjuz-jodivejohlui Flovncfs!pghfbwit!boe!

ui Finbhojuveflpgfbg! < Fjhiut/!U i flbnhpsjui nifwFsbhft!cpuilui Fhsbejfoulboelui ! I Fttjbo!pg!

ui Finpttigvodujpolup!dpotusvdulbo!bddvsbuf!bqqgspyjnbujpo!pglui FlpgujnbnlusFFltusvduvsF/ Tanju!
rvhnjuz!jt'fwbnvbufelvtjoh!bltfdpoe.psefs!iUbznps!Fygbotjpo-xijdilhvjeftlui Finpefilupxbse!
gbsujujpotiuibulfygFdujwiiz!sFevdflui Finptt!xijrflinbjoubjojoh!gbstjnpoz/!Ui ftFlufdiojdbnsfgjof.
nfout!nblficpptufelusFrt!Iftqfdjbmz!FygFdujwT!jo!gjobodjbn tfuujoht-Ix i fsflgsfFejdujwfitjhobnt!bst!
pgufoltvcurflboe!fncfeefe!jolopjtziebub/

Fbdi!cpptufelusFfinpefiljtiusbjofelvtjoh!bo!fygboejoh!xjoepx!bqqgspbdi-lcfhjoojoh!Xjui!b!
njojnvn!pgluisFFizFbst!pg!ijtupsjdbnebub/!Gps!ui fljojujbriusbjojoh!xjoepx!pglgjwFlzFbst-! - 1&!pg!

ui Flpctfswbujpotibsfivtfelgpslusbjojohlboelui FisFNbjojoh!21&-!dpssFtgpoejohlup!bqgspyjnbufiz!
tjy!npoui t-lbsFlisFtFswielgps!pvu. pg. tbngrfluftujoh/lo!tvetfrvfouljufsbujpot-lui FluFtultfuljt! I Fqu!
gjyFelup!fotvsftluibului flushjojohlebubleplopulcFdpnflupplufngpsbmz!ejtuboulgspnlui Flgsfejdujpo!
gfsjpe/'Npefnt!bsfisfusbjofe!boovbmz!cz!fyufoejoh!ui flusbjojoh!xjoepx!up!jodpsgpsbufiui Finptu!
sfdfou'ebub-Ixijrflnbjoubjojoh!blgjyfe.rfohui-lopo.pwFsibgqgjoh!tjy. npouiluftultfu/!Up!bwpjehppl.
bi fbelcjbt-Igbsujdvibsiz!jo!npefitiuibulgsfejdunpoh.ufsnisfuvsot!)tvdi!btiui f1311.ebz!gpsxbse!

i psj{po*-IblufNnqpsbnicvygfs!jtijouspevdfe/ Tgfdjgjdbmz-lui Ffoelebuf!pglui FluftulgFbuvsFt!jtitijoufe!
up!fotvsFluibului Fisfuvsohhbctixjoepx!epftiopu!fyufoeljouplui FitvctfrvToulgsfejdujpo!qfsjpe!/!
Gps!fybnarf-ljglui FlofyulgsFejdujpo!gfsjpelcthjot!jolkbovbsz!3134-lui FluFtulgFbuvsTtigps!b!311.ebz!
ipsj{po!npefilxpvie!foeljolkbovbsz!3133/Uijt!bekvtunfouljtprbuftiui Flusbjojoh!boeluftujoh!
qibtft'boe!gsfwfout!boz!rfbIbhf!pglgvuvsljogpsnbujpo/

CfrdbvtfltpnTlizgfsgbsbnfufst!jouspevdfishoepnoftt-!fhdilnpefiljtisvo!31lujnTtixjuilejggfs.
foulshoepn!tffetigps!fodilubshfulwbsjberf/IUT FisFtviutibsFlui FolbwFsbhfelup!sfevdf! tubujtujdbn
opjtfliboeljngspwfispcvtuoftt/Dpotjtufou!xjui'tuboebse!gsbdujdfjolgjobodjbnnbdijofifbsojoh-!
JusFbului Finpefilt!pvugvulopulbtib!gpjoulgpsFdbtulcvulbtblsboljoh!tjhobn/!Fbd i 'tvgfswjtfe!npef
gspevdftlebjizigsfejdujpotibdspttibttfut-Ixijdilljoufsqsfulbt!dsptt. tfdujpobntdpsFt/IUi FtF!
tdpsftibsFlui Folopsnbn{fe!joup!rvboujrftboe!vtfelup!tpsu'bttfut!joup!bnpoheti psu'gpsugpnjp-!
jolblNnboofs!ldiptfiz!bmjhofe!xjuilusbejujpobnlgbdups.cbtfe!jowftujoh/!UiFitbnfltdpsFlesjwFticpui!
qgpsugpnjp!dpotusvdujpo'boe!xfjhiujoh;!Bttfut!xjuilui flijhiftulgsFejdufe!sfuvsot!bsFibttjhofe!
uplui Fiipoh!nfh-lboelui ptFixjuilui FipxxFtultdpsFtigpgwvibufiui Fiti psulnrfh/!IXjuijo!fbd i nfFh-!
gptjujpo!tj{ftibsfigspqpsujpobniuplui Fitdpsftiui Fnthiwft-hjwjoh!npsfixfjhiuvluplui finptuldpo.
giefoulgstejdujpot/lUijt'tfuvq!fotvsFtiuibului Flnpefilt!'sfibujwf!ldpowjdujpot!bsFligvmz!sFyrfdufe!
jolui Figpsugpnjp/Vlgjylui Flhsptt!fyqptvstipg!fbd i nfFhibul2-IsFtviujoh!jo!blupubnthsptt!fygptvstipg!3/!
Ui fligspdftt!jtisfgfbufe!ljoefgfoefounz!gps!iTbdilgsfejdujpo! i psj{po-!fobcnoh!ipsj{po.tqfdjgjd!
qpsugpnjp!wjFxt/

Npefiizgfsgbsbnfufst!bsFluvofe!tfgbsbufiz!gps!fbd i lubshful i psj{po'boe!sFchibodjoh!gpjou!
wjblbhjh iulhsje!tfbsd i)gps!fbdilizgfsqbsbnfufsiitfifdufelui sfFflwbsjbout*-!di pptjohlui flcftu!
gbsbnfufs'tfuluibulnjojnj{ftiui finfbo!trvbsfe!fsspy!Uiflhsje!tfbsdi ! fyqrpsFtiusFFlefqui!
Jospn!2lup!4*-nfbsojoh!sbuf!)gspn!1/16!up!1/116*-lovncTsipglusFFt!)gspn!61lup!261*-lgFbuvsT!
tvctbnanjoh!gfslusFf)gspn!1/66!up!1/96*-IboelgfbuvsFitvctbnarjoh!gfsirfwii)gspn!1/66!up!1/96*-!
chrbodjoh!npefildpnarfyjuz!xjui!pvu.pg. tbnagrflspevtuoftt/IU i FIM3IsFhvibsj{bujpo!gbsbnfufs!jt!
i fielbuljut!lefgbvmulwbnvFlpg!2/
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Sttviut;Voufsqgsfujoh!Gfbuvsflingpsubodfibdsptt! I psj{pot!
boe!Npefit

Joljofbsinpefit-ldpfygjdjfout!sFqsFtfoului Flnbshjobndpousjcvujpo!pg! fhdi!lgsfejdupsiup!u i Flubshfu!
wbsjberf/\BuipvhilusFf.cbtfelnpefit-ltvdilbt'hsbejfoulcpptujoh-leplopu!zjfie!dpfygjdjFout!jolui !
dibttjdbntFotf-luifzlep!gspwjeflgFbuvstjnqpsubodfitdpsTtiuibulsfgrfdulu i FistibujwFldpousjcvujpo!
pglfodilgFbuvsFluplui Finpefiltigstejdujpot/IUi Ftfltdpsttidbo!cTlefsjwfelvtjohlwbsjpvtinfusjdt-!
tvdilbtiui fligpmpxjoh;

o' Hbjo;luiFljngspwfnfoujolui Finpefilthpttigvodujpo!cspvhiulcz!blgfbuvsFixifoljuljtivtfelup!
tanjului Flebub

o Dpwfs;lui flovncTs!pgltbnanft!bggfdufe!cz!tarjut!poluibulgFbuvsT
o/ Gsfrvfodz;!ipx!pgufo!blgFbuvsfjtivtfe!jo!tanut!bdsptt!bmusFft

Biufsobujwinz-IT 1 BQ!)T I banfz!BeejujwF! fyQrbobujpot*wbivt!) Tibanfz!2 - 64* pggfsiblhbn f.!

ui Fpsfujd'bqgspbdilup!gFbuvsFibuusjcvujpo/! T I BQwbnvFt!bttjho!fbdi!gFbuvsFib!dpousjcvujpowbivF!
gpstjoejwjevhiigstejdujpot-Ifoberjoh!cpuiipdbi)gfs. tbngrf*boe!hnpcbn)bhhsFhbufe*joufsgstu.
bejnjuz/!'VonjIf!hbjo!pslgsFrvfodz!T I BQwbnvft!bsfldpotjtufoulboe!gspwjeflbeejujwf! Fyqgrbobujpot!
bdsptt!gfbuvsfFt/!Bt!Tinpojbo-!Xv-lubop-boe!Obsbhzbobn!)312 : *Igspgptfe-lgFbuvsFljngpsubodf!
dbo!cfljoufsgsfufe!btiqtfvep.cfubt-pggfsjoh!blejsFdujporftt!zfuljogpsnbujwfnfotvsFipgnbs.
hjobnlgsfejdujwflqpxfy'Uijtidpodfqu!grbzt!b!dFousbnspnfljoljoufsgsfujoh!nbdijofhfbsojoh!npefit-!
pgufol)xspohnz*ltffolbt!ipgbrvf-lboe!pgyfstljotjhiut!joup!xijdi'tjhobntlui Finpefnlstijft!polboe!
ipxluijtisfjbodffwpmFtiuispvhilujnf/'Voefstuboejoh!xijdi!dibshdufsjtujdt!jognvfodflinpefn
gsfejdujpot!ejstdunz!sfibuftiuplui Fljoufsqsfubcjnjuz!dibmfohftlejtdvttfe!jo!lfngjsjdbnbttfulgsjdjoh!
bqgarjdbujpotivtjoh!inbdijofirfbsojoh!)Hv-ILfmz-Iboe!Yjv!3131*/

JolExhibit 4-UlsFqpsului Flupq!21lopsnbinj{fe!gFbuvsFjngpsubodFiwbnv Ftigps!fhdi!npefiicbtfe!
polejggFsFoulubshfuli psj{pot-vtjoh!blibtu.21.zFfbs!xjoepx!gps!dibsjuzit!tb 1f/!Fbd i lubcrfljt!tpsufe!
czluiFldvnvibujwFljngpsubodflpg fbdilgFbuvsFibdspttiui finbtu!21!zFbst/!Po!bwsbhf-lui flupq!21!
gFbuvsftibddpvoulgps!31&!pglupubnjnqgpsubodf-Ix< i jrflui Flupg!61!gFbuvsFt!Fyqibjolspvhinz! 77 &/!
CTdbvtfipgisthvibsj{bujpo!dpotusbjout-lpolbwfsbhflbcpvu!51ipglui F1237!joqvulgFbuvsttibsfldpot;jt.
ufounz!vovtfelczlui finpefit/

Ui finpefit!bsFlusbjofe!jolbo!fygboejoh!xjoepx!gsbnxpsl-iNnfbojoh!uibulgFbuvsFljngpsubodf!
jo!blhjwFo!zfbs!sFgrFdut!dvinvibujwFirfbsojoh!vqlup!uibu!gpjou/!Gps!jotubodf-ljngpsubodFiwbnv Ft!
pctfswfelgps!foe.pg.zfbs!3131!Nnpefit/jodiveflebublgspn!kbovbsz!2: - 5lup!Nbz!3131-1zfulnfbo.
johgvrltijout!pddvsljo!npeflcTibwjpsigpmpxjohlui Flpotfulpglui FIDPWIE.2: dsjtjt/IUi jtifggFdu!jt!
ftgfdjbmz!gspopvodfe!jo!tipsu. i psi{po!Nnpefit-tvdi!btlui fl6.ebz!boe!21.ebzwbsjbout/Bt!npsf!
gptudsjtjtiebub!foufslui Flusbjojoh!tfu-lui FtFlinpefnt!bekvtulshgjenz/Vo!dpousbtu-lnpohfs. i psj{po!
npefit-'tvdi'btiui F1311.ebz!wfstjpo-!fyijcjuthsfbufs!tubcjrjuz-!jui njuurfldibohflpctfswfe!
cfuxffo!312:boe!3131/WUijticFibwjps!sFgrfdutiui Finpefilt!'sFhvibsj{bujpo!cjbtlupxbse!qfstjtufou!
tjhobt!boe!jut!bwfstjpolup!votubenflgFbuvsflezobnjdt/

Poflpgui finptuldpotjtufoulgjoejoht!bdspttinpefit!boelyjnfysbNnft!jtiui Flepnjobodf!pg!
npnfouvn.cbtfe!tjhobrt-lgbsujdvibsizlujnf. tfsjFtinpnfouvn/IUTNPN363!bqgfbst!jolui f!
upq!21lgfbuvsttigpsifwsz!npefi-lboe!lUTNPN411ljtisbolfe!tjnjibsiz!jo!tjy!pvulpg!fihiulnpefit/!
Biui pvhi!'wbrjebujoh!ui flgbdups!jowftujoh!njufsbuvsf!jtiopului flgsjnbsz!pckfdujwf!pgluijt!dibqufs!

ui fisftviut-lefsjwielgspn!blqvstiziebub.esjwfolcpptufelusFfinpefi-ldpogjsniui FlgstejdujwfgpxTs!
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Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
NPN363 6e 3/4& 3/4& 6/9& 5/9& s6s  RAEN  3i& 71& 458 818 3/4&
TLFX241 6e 2/6& 2/6& 3/4& 32& 207& 5/5& 2/8& 713& 49& | 8l:& | 3/5&
UTNPN363 6e 20:& 2:& 4/9& 428 2/9& 5/:& 20:& 5/2& 3/6& 4/8& 207&
CBTITNPN241 6e 2/6& 207& 3/6& 458 2/9& 5/1& 3/1& 4:& 3/5& 6/1& 2/8&
NPN99 6e 3/5& 3/1& 6/3& 2/9& 3/1& 5/6& 20:& 4/8& 20:& 3/5& 2/8&
TLFX311 6e 2/6& 2/6& 3/4& 3128 2/5& 4:& 27& 5/5& 3/2& 6/4& 3/1&
UTNPN411 6e 207& 2/5& 5/3& 3/3& 2/6& 512& 2078& 3:& 27& 4/4& 2/5&
TLFX511 6e 2/5& 2/5& 3/4& 2068  2B& | 2:& | 2k& | 44k 3/5& 5/7& 2/6&
DBSSZ77 6e 2/5& 3/5& 3/3& 2/6& 3/6& 2148 31& 3/1& 4/4& 2048
NPN867 6e 2/4& 2:& 2:& 2/4& 3:& 2/4& 3/6& 207& 4/1& 2048
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
NPN363 21e 3/5& s& B2 65& 112& 4/4& 33& 5/1& 3/8& 6/6& 2-&
UTNPN363 21e 20:& 2:& 4/9& 4/9& 4/58& 413& 3/4& 5/9& 3/9& 4/48& 2/8&
TLFX241 21e 2/3& 2/3& 3/6& 42& 2/9& 3/1& 207& 62& 3:& [NTBENN  312&
CBTITNPN241 21e 278& 2/6& 47& 5/3& 37& 3/4& 31& 4/5& 3/5& 4/:8& 2/6&
TLFX311 21e 2/4& 2/4& 3/1& 3/3& 2/9& 31& 2078& 416& 38& [hwae &
UTNPN411 21e 3/2& 3/2& 5/6& 3/:& 3/1& 3/5& 2/8& 3/4& 2/9& 3/5& 207&
TLFX493 2le 2/5& 2/5& 3/7& 2:& 2/5& 2/4& 212& 3/8& 448 NTHEN  27&
CBTITNPN77 21e 2/5& 2/5& 428 3:& 2/9& 2/9& 213& 3/1& 2/9& 4/9& 2/3&
TLFX867 21e 2/4& 2/6& 42& 3/6& 3/3& 32& 2/8& 3/7& 34& PAAETN 26&
TLFX711 21e 2/5& 21& 428& 3/5& 2/9& 2/6& 2048 3/6& 3/6& 3/2& 2/4&
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
NPN363 33e 3/8& 3/8& 6/6& 6/7& 33& 3:& 32& 4/6& 6/5& 7/4& 3/1&
UTNPN363 33e 3/5& 3/6& 7/6& 6/6& 3/5& 478 3/6& 5/7& 5/3& 4/58& 3/3&
TLFX241 33e 27& 2/8& 4/5& 3:& 2/8& 3/1& 3/1& 6/7& 3/4&
TLFX311 33e 207& 207& 2/8& 3/5& 2/6& 3/1& 2/9& 5/1& 6/9& 3/3&
UTNPN411 33e 3/4& 3/9& 5/8& 4:& 2/7& 3:& 3/3& 3/1& 4/3& 4/:& 2/5&
TLFX363 33e [Taae  y:&  [aA&TTTTIA&T o1& 2:& 258 s/8e  [INEEENNNNoAENN &
CBTITNPN241 33e 2/4& 2/6& 4/1& 428 2/9& 3/1& 20:& 3/8& 4:& 47& 207&
NPN867 33 2/4& 2/5& 3/8& 3/5& 2/6& 2/9& 2/8& 3/8& 4:& 5/48 2/9&
TLFX493 33e 2/9& 2/9& 3/3& 3/3& 2/6& 2:& 2/8& 4/4& 62& [iA& T 23&

CBTITNPN311 33e 258 2v4e  [AmE T AA&T| 2s& 268& 26& 4158 5/68& 5/3& 25&

Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN363 55¢ 37& 3/9& 6/7& 4/6& 4/9& 3/9& 3:& 428 3/3& 47& 3/1&
NPN363 55¢ 3/4& 37& 6/9& 4/5& 4128 3/6& 2/6& 3/1& 2/9& 6/4& 2/:&
CBTITNPN311 55¢ 2/8& 2/6& 4/9& 3/9& 4/1& 3/5& 3/3& 3:& 3/3& 6/9& 31&
TLFX363 55e 2/9& 1:& AN 37& 3/9& 2/8& 2:& 4/58& ape  PEBENN  38&
CBTITNPN241 55¢ 2/5& 2/4& 3/6& 3/3& 3/8& 3/3& 3/5& 3/6& 3/2& 6/6& 2:&
UTNPN411 55¢ 3/1& 3/1& 6/1& 3/6& 3/6& 2:& 3/4& 20:& 278& 4/8& 2/4&
CBTITNPN99 55¢ 2/7& 2/6& 4/6& 3/5& 418& 3/1& 3/4& 3/6& 2/9& 4/4& 2:&
TLFX241 55e 2/4& 207& 36 [NIASNN  33& 2/9& 31& 3:& 3/4& 72& 3/6&
DBSSZ99 55¢ 2/8& 27& 3/9& 3/5& 41& 3/1& 3/3& 3/1& 212& 4/3& 2:&
TLFX867 55e 207& 2/6& 4/9& 3/1& 3/4& 207& 2/8& 3/1& 328 4/3& 2/:&
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN363 77e 37& 4/3& 6/6& 4/4& 4/4& 4/1& 3/8& 3/9& 3/4& 5/4& 3/1&
TLFX363 77e 2/5& 24& A& 206& 3/3& 2/5& 2/9& 3:& 4/9& 428
CBTITNPN241 77e 212& 2/8& 3/9& 3/1& 41& 3/3& 3/4& 37& 3/6& 7/9& 3/3&
CBTITNPN311 77e 2/7& 2/9& 47& 3/6& 3/8& 3/6& 312& 3/4& 3/1& 7/5& 2/9&
TLFX411 77e 2/4& 2/8& 3/5& 2/6& 2/9& 3/2& 3/1& 3/5& 3/5& 8/4& 2/:&
TLFX241 77e 2/3& 2/4& 413& 3/1& 2/9& 3/1& 2:& 3/8& 3/8& 6/4& 3/3&
NPN363 77e 3/1& 3/:& 6/1& 3:& [NIIEN  31& 2/3& 207& 2/7& 5/7& 207&
UTNPN411 77e 20:& 3/5& 5/2& 27& 2/8& 3/6& 4/1& 2/5& 2078 4/3& 207&
TLFX711 77e 207& 20:& 4/8& 328& 3/5& 207& 2:& 3/4& 32& 4/6& 207&
TLFX511 77e 3/2& 3/4& 4:& 3/1& 2/9& 2/8& 2/9& 3/3& 3/5& 428 2/4&
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN363 99e 428 6/9& 716& 4/5& 5/2& 3:& 3/9& 3/5& 2/9& 4/4& 2078
UTNPN311 99e 42& 6/3& 71& 4/5& 5/2& 3/4& 3/4& 3/4& 20:& 4/9& 278
TLFX241 99%e 2/8& 3/4& 4/8& 20:& 3/6& 31& 312& 4/4& 438 [NgE& | 35&
CBTITNPN241 99e 2/9& 3/4& 4/3& 3/2& 3/8& 3/1& 3/2& 4/3& 3:& 6/9& 31&
CBTITNPN311 99e 2/8& 3/6& 4/6& 3/8& 4/4& 32& 3/6& 37& 20:& 6/48& 2/8&
TLFX311 99e 2/8& 3/3& 3/6& 3/3& 3/8& 3/1& 3/1& 3/2& 2/9& 2/9&
TLFX363 99e 23& [iA& T iA& T 1A& T 29& 27& 3/5& 4n& 416& 37&
WPM511 99e 2/8& 3/2& 3/7& 2:& 313& 20:& 2/:& 3/1& 328& 5/4& 2/9&
UTNPN511 99%e 3/3& 51& 6/8& 4/4& 4/4& 22& NIAET  28& 2/6& 21&
TLFX711 99%e 3/6& 3:& 4:& 20:& 3/4& 2/5& 2/8& 3/3& 3/4& 2/5&
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Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN363 211e 4/4& 5/6& 712& 4/5& 8/1& 3/6& 3/4& 2/:& 2/8& 4/3& 2/6&
UTNPN311 211e 4/3& 5/4& 6/7& 4/4& 6/:& 3/5& 33& 3/2& 2/9& 4/5& 2/9&
TLFX241 211e 3/1& 3/1& 4/3& 3/3& 4/8& 3/2& 3/3& 4/5& 43& NGBS 38&
CBTITNPN241 211e 32& 2/:& 4/48& 3/3& 5/7& 3/2& 3/5& 4/4& 37& 6/7& 3/4&
CBTITNPN311 211e 20:& 20:& 428 3:& 6/3& 3/4& 3/5& 3/5& 2/:& 4/48& 20:&
TLFX311 211e 2/8& 2/8& 3/3& 3/3& 4/8& 3/1& 31& 2:& 208 [NEENN  31&
UTNPN511 211e 3/7& 3/9& 6/6& 47& 6/4& 21& [iA& T 23& 2/6& 3/5& 27&
WPM511 211e 2/9& 3/1& 37& 20:& 47& 2/8& 2/8& 20:& 32& 4:& 2/:&
TLFX711 211e 3/5& 3:& 4/9& 3/2& 4/3& 2078& 2/9& 3/3& 3/2& 2/6&
TLFX511 211e 3:& 3/5& 5/1& 2:& 4/58 2/9& 2/9& 3/3& 278 2/6&
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN311 31le 4/3& 7/3& 72& 7:& 7/6& 41& 3:& 37& 3/5& 7/4& 3/4&
UTNPN363 31le 36& | 8:& | 77&  83& 6/5& 3/5& 37& 2/9& 27& 6/4& 20:&
WPM411 3lle 207& 4/6& 4/8& 5/9& 47& 31& 3/2& 2/5& 2/3& 6/4& 2/88&
WPM493 31le 27& 3/9& 47& 5/2& 4:& 31& 3/3& 3/1& 2/7& 4/8& 2/6&
UTNPN411 31le 42&  [NEEENN 6l7& 6/7& 2:& 24& AT 25& 2/5& [INAA&TN  2/6&
TLFX711 3lle 20:& 4/4& 413& 4/4& 3:& 207& 2/4& 2/5& 22& 5/2& 2/9&
WPM363 31le 2:& 4:& 4/9& 4:& 47& 2/8& 2078& 2/4& 5& [NAA&T  27&
NPN711 3lle 26  [PNIA&T  41& 3/9& 3/8& 32& 2:& 2/9& 2/9& 5/5& 3/3&
NB867 31le 207& 3/2& 3/2& 3/4& 3/3& 2/9& 2/6& 2/5& 2/9& 5/8& 3/3&
UTNPN493 311e 32& 5/6& 6/7& 6/7& | iA& | 23& 212& 212& 22& | 1i& | 23&
Feature Target_Variable 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UTNPN363 fot 3/4& 4/58& 5/:& 4/8& 4/6& 3/9& 3/3& 3/9& 3/2& 4/48& 2078&
TLFX241 fot 2/4& 2/4& 3/4& 207& 2/8& 3/1& 2/8& 4/5& 41&  NIRERN  31&
CBTITNPN241 fot 204& 27& 37& 3/6& 3/6& 3/2& 2:& 37& 3/3& 5/1& 27&
NPN363 fot 2/8& 2/5& 4/6& 4/1& 2/3& 3/8& 213& 2:& 2/8& 4/6& 2/4&
TLFX311 fot 2/6& 2/7& 2/9& 2/8& 2/9& 20:& 2/6& 3/5& 3/3& 5/5& 27&
CBTITNPN311 fot 2/4& 2/4& 3/2& 27& 3/5& 207& 27& 3/4& 3/1& 5/1& 2/6&
UTNPN411 fot 3/1& 3/4& 428 3/4& 2/5& 3/1& 207& 2/7& 2/6& 3/6& 2/4&
TLFX711 fot 2/7& 2/9& 3:& 2:& 2/9& 207& 2/4& 2/8& 2/9& 2/4& 2/5&
UTNPN311 fot 2/4& 3/2& 3/5& 2/:& 3/5& 207& 2/6& 2/3& 22& 3/4& 2/3&
TLFX363 fot 1/8& ve& | & | 17& 2/4& 23& 26& 3/8& & NCIEENN &

Tpvsdf;!Cippncfsh!MMD/

pglusfoe!tjhobrt!jo!dpnnpejuz!nbslfut/!Dsptt. tfdujpobinpnfouvn!)NPN363*brtp!bqqfbst!
gsFrvfouz!bnpohlui finptuljngpsuboulgfbuvsft-ltvhhftujohluibulcpui bectpivufiboelsfibujwfigsjdf!
ezobnjdt!bsfljoufhshnup!npefilgfsgpsnbodf/

Bopui fslopubcrflsFeviu!jtlui FigspnjofodfipgtIfxoftt.chtfelgfbuvsTt-Igbsujdvibsiz!joltipsu.ufsn!
Nnpefit/!\Gpsifybnarf-ITLFX241!boe!TLFX311!ejtgmbz!fifwbufe!jngpsubodfljo!3133-!Ftgfdjbmz!
jolnpeft!xjui!tipsufsigpsfdbtu!i psj{pot/!Uijtigjoejoh!jtidpotjtufou'xjuilui flizgpui Ftjtiuibu!
ofhbujwFltIfxofttidbolusjhhfs!ti psu.ufsn!gsjdfpwfsstbdujpot-lgpmpxFelcz!sfwEstbrt!)Gfsoboef{.
QfsF{!Ifulbn/!13129*/JoluijtitFotf-'tipsu.ufsn!inpefitiufoeluphpbe!npsfipolsfwistbr.uzgfitjh.
obnt-IpgufoldpncjojohltIfxofttixjui!npnfouvnljoejdbupst-Ixi fsFbthipohTs. i psj{po!npefit!
hsbwjubuf!inpsf!i fowjizlupxbse!qvsTlusfoe.gpmpxjoh!tjhobrt-ltvd i Ibt!lUTNPN/

Gjobmz-ljuljt!xpsui'opujohlui buldibttjdbnlufdi ojdbiljoejdbupst-1tvdi!bt!ST)-INB-lboe!NBW-Ishol!
npxTFsljo!jnqpsubodflgps!binptulbm! i psj{pot/!Sthbserftt!pghpplcbdl!qfsjpe-lui FtfligFbuvsft!
bggfbshfttigsFrvfouz!jolui Flupg!21-ltvhhftujohluibulx i foldpngfujoh!bhbjotu!npsfibdbefnj.
dbmz!hspvoefeltjhobnt-lui fjstnbshjobnldpousjcvujpolup!gsfejdujwflbddvsbdz!jthjnjufe/

Qfsgpsnbodf!Bobiztjt!Dpnqgbsjoh!Npefit!boe!Fotfncif

Exhibit 5!gsFtfout!ui Flefubjrfe!tubujtujdt!pghpoheti psu!gpsugpnptidpotusvdufe!gps!fbdilubshfu!
i psj{po/!Fbdi!rFh!pglui Finpohoti psulgpsugprjp!jtixFijhiufe!bddpsejohlup!jutlopsninj{fe!gsfejd.
ujpoltdpsf/!HjwFolui flobsspx!obuvsfipglui Fldpnnpejuz!jowftun foulvojwFstf-Ijnjufelup!ponz!
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Annualized
Return Net of Value
Transaction | Annualized Downside | atRisk | Success
Costs Volatility | Sharpe | Sortino | Volatility | (95%) Rate Drawdown | Turnover

6e 5:& 24/6 & a/7 6/4 /3& 2[3& 71& $28& 49&
21e 4:& 24/6& 3/ 5/3 2& 2[3& 69& $35& 48&
33e 37& 24/6 & 2/: 3/8 /8& 2/A& 67& £39& 42&
55e 31& 24/9& 2/6 3/2 9& 2/4& 66& T37& 3:&
77e 29& 24/: & 2/4 2/9 J& 2/4& 66& T45& 38&
99%e 29& 24/8& 2/4 2/: H7& 2/4& 65& $36& 39&
211e 31& 24/8& 2/5 3/1 9& 2/4& 66& T36& 38&
311e 33& 2412& 2/8 3/5 2& 2[3& 66& £34& 38&
Fotfncrf 38& 21/: & 3/5 4/4 9/4& 211& 68& £33& 28&

Tpvsdf;!CippncfshiMVD/

52!dpoushdut-ljulxpwvielopulcflinfbojohgvilup!gpsn!efdjrflgpsugpnjpt/otufbe-lui Finpoh!qpsugprjp!
jodiveft!dpousbdut!xjuilopsnbij{felqsfejdujpotibcpwflui Fldsptt. tFdujpobnnfejbo-boe!lui f!
tipsulgpsugprjp!dpoubjotiui ptflctipx<!ju/!Btifygibjofe!gsfwjpvtiz-lbminpefit!bsFisfusbjofe!Fodi!
zfbsljo!lEfdfncTsiboelofx!gsfejdujpotibsFinbef!fwFszlebz!gpsiui Figpmpxjoh!zFbsluibulcfdpnft!
ui Flpvu.pg. tbnagrfisfFevut/! | FodF-lui Finpefirtdigpsugpnjp!xpvie!dibohflebjiz!bddpsejohlup!ofx!
votffolgfbuvsFtljogvu/libqanjfelb!hfofsjd!gsFejdujpo.rfwfilxfjhiuvjoh!ltd i fnT)dpngbsbcrflup!b!
gbdups!joufotjuz*lup'bddfouvbufiui fisprfpglgsFejdujpot!jolui FigFsgpsnbodfipglui Finpefitinpohe
tipsulqpsugpnjp/

Sttvut!bsFiti pxolgpsiui Flgvmtbnarflpg!pvu. pg. tbnagrflgsfejdujpotigspnikbovbsz!3111voujn!
Kvof!3135-!ofulpglusbotbdujpo!dptut-Ixijdilbsfldpnqgvufe-lgpsiui Fitb I pgltinanjdjuz-bt!6lcqt!
gfsivojulpgluvsopwfy!U i fifotFncrfljtidsfbufelvtjoh!lui FlbwFsbhfpglopsnbn{fe!qsfejdujpot-!

X ijdi!bsFlopsnbn{fe!podfinpsflup!gjufsiboe!xFjhiului fibttfut!jolui Fltbnfigbtijpo!btiui Flpuifs!
ubshfulipsj{po!npefit/!Ui flhsptt!nbslfulwbnvF)HNW*jt!Ifqulbu'b!dpotuboulrfwfilgps!fbd i 'npefn
cfdbvtfiblofx!npefilxfijhiujtisfFdpnqgvufe!fbdilebz!xjuilofx!gsfejdujpot!cfuxtfoluxp!zfbsiz!
sfusbjojoht/

Boovhij{felofulgfsgpsnbodficziubshfulipsj{po!fyijcjut'bloponpopupojd!gbuufso;!Qfsgpsnbodf!
jtiijhifslgpsitipsufs.ufsn!ipsj{potOjuleFdsFbtFtigspn!6lup!77'ebztOboeljulsjtFt!tijh iunz!bgufs!
99!ebzt/'Tibsqf!boe!Tpsujop!sbujptibsFhfofsbmz!ijhi-Ftgfdjomz!gps!tipsufs.ufsn!npefit!
)Tibsgfisbujp!pg!d/7'boe!3/: lgps!sFtgfdujwnz-16elboe!21e*/\Ui Fldptu-! i pxFwFs!jtib!ijh i imfwfnlpg!
uvsopwfy!FwFo!xjuildpotfswbujwFlusbotbdujpo!dptut!pg!6!cqt-lui Fidbgbdjuz!)nbyjnvn!bttfut!
voefsinbobhfnfouluibuljtiusbefbenfxjui pvuljngbdujohlui FinbsIfulupp!nvdi'boe!rfbwjoh!
upp'wjtjcrfiblinbslfulgppugsjourljtljolui Fiipx! ivoesfet!pgnjmpot-1ftgfdjbmzigpsibd i jfwjohlui !
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sfrvjsfeluvsopwfs!poltvdildpousbdut!bt!psbohflkvjdf-lsvccs!psisjd /Ui Flitvddfttisbuf-lefgjofe!bt!
uiflovncTs!pglgptjujwiisfuvsot!pwfsiui Flupubnlovncfs!pglebjiz!sfuvsot-ljtthfofsbmz!wfsz!hppelgps!
bmnpefitiboelwfsz!ijhilgpsitipsufs.ufsn!ipsj{po!tusbufhjft!)71/1&!gps!6e-169/4&!gpsi21e*/

Ui fisjtlinfbtvsftieplopuljoejdbufbshflejggfsfodfFtibnpohlui fFinpefit-!xjui 'wpnbujrjuz!cfjoh!
bspvoe!24&!boelepxotjefwpnbujnjuz!cFjoh!ctipx!21&/\Ui FsFibsfltpnflejggfsfodft!jo!nby;j.
nvnlesbxepxo!pwfsiui Flgvmlgfsjpe-gbsulpg!x ijdi!pddvssfelevsjohlui FIDPWIE.2 - Igboefnjd<!
nbyjnvnlesbxepxoljt!ijhiljohfofsbiboeljo!gbsujdvibsigpsiui 133elboe!77e!npefit/!Gpslui FF!
npefit-'INnbyjnvnlesbhxepxo!fydffetlui Fisviflpglui vinc!pg!2/6lujnftiui flwprbujrjuz!pglui !
tusbuFhzIxijdiljtiddpnnponzivtfe!btib!PsFelgibhpljo!nviujtusbufhz!i fFehflgvoetigpet/!Sthbsejoh!
ui FifotFnenf-li FisFeviut!itipxluibulerfoejoh!gsfejdujpotiuphfui FsigspwjeFtib!sjtl!ejwFstjgjdbujpo!
fggFduluibu'tnppui tiwprbujrjuz!boelubjiisit 1/ X i jrflgspwjejoh!b!inje.sbohflofulboovhij{fe!sfuvso!
py'38/4&-lui fifotFncrfldvut!boovbnwprbujrjuz!cz!3lup!4!gpjout!sfrbujwfluplui FlcFtu!tuboebrpof!
Nnpefit-npxFstiwbnvTibulsjtl-lboe! IFFgtiui Fleshxepxot!npefsbuf/

Exhibit 6!tipxtiuiflgvm.qfsjpe!gbjsxjtfldpssfibujpo!nbusjylgpsiui Fltusbufhjft-1fbdilefgjofe!
cz!b'tgfdjgjdiubshfuli psj{po-'shohjohlgspn!tipsulufsn!)6e*luphpohlufsn!)311e*-ljodivejohlui fjs!
sfibujpotijqlup!bo!fotFncrfitusbufhzluibulbhhsFhbuftiui fn/

Gjstu-lui Finbusjy!'sfwfbnt!b!ijhilefhsFfipgldpssfibujpolbnpohlui finfejvn.ufsn!npefit!)33elup!
211e*-Ixjuilwbnvftiuzgjdbmz! fydffejoh!1/91/IGpsifybnanf-lui Fldpssfibujpo!cfuxffolui f!33e!
boe!55eltusbufhjft!jt!1/95-Ixijiflui f177elboel99e!dpsstibujpo!stbd i Ft!1/99/!U i Ftf! fifwbufe!
dpssfibujpotitvhhftuluibului fldpssFtgpoejoh!npefit!bsfljefoujgzjoh!pwsibqgjoh!gbuufsot!jo!
dpnnpejuzisfuvsot-lbsjtjohlgspn!jngpsubouldpnnpolgfbuvsFt/!Biui pvhiluijtigjoejohldpogjsnt!
ui Flspcvtuoftt!pgldfsubjo!tjhobnt-ljulbrtp!jnanjftible FhsFf!pgljogpsnbujpobnsfevoebodz!bnpoh!
ui FtFlinpefit-Ix<ijdi!nbzijnjului FjodsFn foubncFofgjux i Foldpncjojohlui Fnljouplui !
fotfncrf/

Dpowfstfiz-lui f1311e!tusbufhz!tuboet!pvulcFdbvtfipgjutinbslfenzinpxFsidpssfibujpot/!
Gps!jotubodf-ljut!dpssibujpot!xjuilui Fi6e!boe!33e!tusbufhjft!bsflponz!1/52!boe!1/5 :-IsFtgFdujwiz/!
UijtlejwFshfodflitvhhftutiuibului f1311e!npefiljtifyusbdujoh!gvoebnfoubmz!ejgfsFoultjhobnt-!
btlefgjdufelcziui flupg!21!NnptuljngpsuboulgfbuvsFtiuberf)Fyijcju!5*Igpufoujbmz!bijhofe!
Xjuiltnpx. Nnpwjoh!tusvduvsbilpsitFbtpobilqi fopnfob/lo!bo!fotFncrflgsbnxpsl-ltvdi hpx!

Fyijcju!7/!Dpsstibujpo!Nbusjy!gpsMpoh6T 1 psu!Qpsugpnjpt

Target Variable 5d 10d 22d 44d 66d 88d 100d 200d Ensemble
6e 2/11 1/94 1/88 1/84 1/82 1/77 1/76 - 1/94
21e 1/94 2/11 1/94 1/89 1/87 1/82 1/7: 1/61 1/99
33e 1/88 1/94 2/11 1/95 1/92 1/85 1/83 1/5: 1/9:
55e 1/84 1/89 1/95 2/11 1/97 1/8: 1/88 1/62 1/:2
T77e 1/82 1/87 1/92 1/97 2/11 1/99 1/95 1/69 1/:4
99%e 1/77 1/82 1/85 1/8: 1/99 2/11 1/:3 1/74 1/:2
211e 1/76 1/7: 1/83 1/88 1/95 1/:3 2/11 1/75 1/:1
311e [ ws2 wel 1/5: 1/62 1/69 174 175 211 1/79
Fotfncnf 1/94 1/99 1/9: 1/:2 1/:4 1/:2 1/:1 1/79 2/11

Tpvsdf;!CippncfshiMVD/
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dpsstibujpoljtiwbnvberflcfdbvtfljuljouspevdftinpsTiPpsui phpobipljogpsnbujpoluibuldbolsFevdf!
qgpsugpnjp!wbsjbodflboe!foibodf!sjtl.bekvtufe!sfuvsot-IfwFoljglui F1311le!lnpefiibt!bipxFsituboe.
bnpoF!I T ibsqFisbujp/

Ui fifotfFnarfinpefljutfg! fyijcjut'wfsz!ijhildpssfbujpot!xjuilui Flcbtftusbufhjft-lgbsujdvibsiz!
Xjuilui finje.ufsn!poft-Isfbdijoh!1/: 39Ixjuilui FI77elnpefilboe!1/: 26!xjuilui F199e!npef/!
Uijtlgjoejohljoejdbuftiuibului FifotFncnfljtigsjinbspz!tibgfelczlui Ftflipsj{pot-Ixijdilnbz!
epnjobuficfdbvtFlpgltvgfsjpsiqfsgpsnbodfipsthsFbufsigsFejdujwf tubcjnjuz/!Ofwfsui fiftt-!

ui FifotFnerfitldpsstibujpo!xjuilui fI311e!npefisfnbjot!npefsbuflbu!l/795-Iti pxjohluibulju!
tujmcFofgjutigspn!tpnflefhsFfipglejwistjgjdbujpo/!Ui Fljodnvtjpo!pg!bm! i psj{potjolui fifotfn.
crf-IfwFolui ptFixjui I xFbIfsigFsgpsnbodfipshifttidpn npobnjuz-tvggpsut!ui Figsjodjgrf!pg!
npefilbwfsbhjoh-!x i fsFlbhhsFhbujoh!ejwfstftjhobrtifbet!up'tnppui fslboe!npsflispcvtu!
gsfejdujwflpvugvut/

Exhibit 7!tipxtiui flipoh!boe!tipsulcppl'hspvg!cstblepxo!pgiui fifotFncrfiqpsugpnp/Nldibttjgjfe!
dpousbdutljoup!tvctfdupst!)cbtfinfubrt-lgsfdjpvt!nfubrt-1fofshz!pjn-IFofshz!hbt-Itpgut-'hsbjot!
boelpjitFfet-hiwFtupdl*iboe!ti pxlui FifygptvsFipglui FiipohirFhiboelui Fiti psulnfh/!ICpuinfFht!bsf!
ijhinzlezobnjd!boe!jowftuljo!bmtvctfdupst!cvulxjuiltvctuboujbntijgu'jolujnf.wbszjoh!fygptvsf!
gspn'ofulpohluplofultipsu/! X iFohppljoh!bulfbdilqpsugprjp!tFgbsbufiz!boelgpdvtjoh!polui Finpoh!
rFh-thsbjot!boe!pjitFFet!boe!gsfdjpvt!nfubrt!dpotjtufounz!sFgsFtFoulb!tjhojgidbou!gpsujpo!pg!

ui Fiipoh!fygptvsfibdspttiui fifoujsFltbnanflgTsjpe/ Tpguldpn npejujftiboe!cbtflinfubnt! fyijcjul
fifwbufe!fygptvsflevsjoh!tqfdjgid!joufswbrt-lopubcnz!cfuxffo!2: : - boe!3114-1311 :'boe!3123-!
boe!3129'boe!3132/IDsvef!pjidstibufe!gptjujpot!tipx!gspopvodfe!tqgjlftjo!fyqptvstiuibu!
dpjodjefixjui!nbkpsinbdspfdpopnijdiboe!hfpgprjujdbniejtsvqujpot-ltvdi!btlui ptflpctfswie!
j0!13119-1312563127-boe!3133/!0Obuvshbithbt!cfhjot!up!gibz!b!npsfigspnjofoulsprflyspn!3121!
poxbse-!gpufoujbmz!sfgrfdujohljodstbtfe!nbsifulwprbujruz/MjwFtupd l!'fygptvsttiejtgibz!b!npst!
Tssbujd!gbuufsolcvulnbjoubjolb!gfstjtufoulgsFtfodf-Ixjuilopubcrfigfbltipddvssjohljolui FIfbsiz!
3111t!boe!bhbjoljolui Fiqptu.3131!gfsjpe/

Tipsulfygptvsttibsflgsfepnjobounzidpodfousbufeljolhsbjotiboe!pjitfFfet-gbsujdvibsizigspn!2: - 9!
up!3122!boe!bgufs!3133/!0buvshithbt!fyijcjufeltvctuboujbntipsu!lbmpdbujpot!cfuxffo!3117!boe!
311:!boe!bhbjolgspn!312:lup!3133-Itvhhftujoh!gfstjtufou!cTbsjti!tjhobnt!psinfbo.sfwfsujoh!
ctibwjpy!Dsvefipjigptjujpot!xFsflifbwjrz!tipsufelevsjoh!311663119!boe!312263126-!dpjodjejoh!
XjuilFgjtpeft!pg frfwbufe!wprbujrjuz!boe!tijyujoh!nbdsp!dpoejujpot/!Qsfdjpvtinfubrt!boejwftupdl!
brtp!dpousjcvuf!nfbojohgvmziuplui Fiti psulcppl-xjui!dpotjtufoulbmpdbujpot!pctfswieluispvhi.
pvu!311563123/Voldpousbtu-lchtfinfubnt!boe!tpguldpnnpejujftifyijcjunjnjufe!psljoufsnju.
ufoultipsulfygptvsft-lgpufoujbmz!sFyrfdujoh!b!tusvduvsbinpoh!cjbt!ps!xfb I fs!tjhobntusfohui!jo!

ui FtFtFdupst/

Gjobmz-IExhibit 8!tipxtlui flofu!fyqptvsficz!hspvg/Bt!ijoufelcz!ui finpoh!boelti psulfygptvst-!
ofulnbslfulwbivF)ONW*ijhinjhiut'tjhojgjdbouluFngpsbriwbsjbujpo!jolejsFdujpobngptjujpot!bdsptt!
tfdupst/!Hsbjot'boe!pjitFFet!tipx!ui finptulgspopvodfelgivduvbujpot-Ixjui hbshflgptjujwf!
txjohtljolui fIfbsnz!3111t-1311863119-boe!3132!boeleffqlofhbujwf!fygptvsftjol2:-:63111-!
3116-13125-!boe!bgufs!3134/IFofshz!pjiejtaibzt!tvtubjofe!gptjujwFlofulfygptvsFjolnviujgnf!
gfsjpet-lopubcnz!jo!311463117!boe!312363126!boelgspn!3131luispvhi!3133/IUi Ftfigfsjpet!
dpjodjefixjui!nbkps!Fofshz!nbslfuldzdift-ljoejdbujohlui Finpefilt!qfstjtufoulujiulupxbse!pji.sF.
tbufelusFoet!evsjoh!nbdsp.esjwfolejtipdbujpot/MjwFtupdl!nbjoubjot!dpotjtufou-lui pvhiltnbmfs!
ofulipohlgptjujpotiuispvhi!nptulpglui FitbNgrf-Ixjui!pddbtjpobnsfwfstbrt!levsjoh!311963121!
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Fyijcjul8/'Hsptt!FygptvsF) HNW*ICsfblepxo!gps!FotFncrf!Mpoh!
boe!Tipsu!Cppl

Portfolio Exposure in %

Long Portfolio Exposure (%)
B CbtfINfubrt B Fofshz!Hbt B Hsbjot!Pjitffet M Mjwftupdl Fofshz!Pjr W Qsfdjpvt!Nfubrt M Tpgut

Portfolio Exposure in %

Short Portfolio Exposure (%)
B CbtfINfubrt M Fofshz!Hbt M Hsbjot!Pjitffet M Mjwftupdl Fofshz!Pjr M Qsfdjpvt!Nfubrt M Tpgut

Tpvsdf;!Cippncfsh!MMD/

boe!bgufs!3126/!Cbtfinfubrt'boe!tpguldpnnpejujftiefnpotusbufbiufsobujoh!gptjujwfiboelofh.
bujwFlofulfygptvsft-IxjuilcbtFinfubrtlopubcrz!ofulipohlevsjohlui figptuHrpchiGjobodjbn!Dsjtjt!
dpnnpejuz!tvgfsdzdif!)311:63122*boe!bhbjo!bgufsiui FIDPWIE.2 : ldsjtjt!Xjuiljogbujpo!sjtjoh-!
Xijrfltpgut!tipxpohlujiut!bspvoe!3114-1312863129-boe!3132/!QsFdjpvt!nfubrt! fyijcjulopubcrf!
ofultipsulgibtftljo!2:::63111-1311663117-boe!312463126'boe!bgufs!3133-ljoufstgfstfe!xjui!
npoh!qibtft-ltvdi!bt!31196311: !boe!ui Fifbsniz!DPWIE.2: dsjtjt/!U i Fefitijoutin Ifnz!sFgnfdulcpui!
nbdsp. i Fehjoh!cfibwjps!boe!sTibujwFlwbrvfltjhobnt/
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Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvstt;!Csjehjoh!Ebub-!U i fpsz-boe!Sfuvso!Qsfejdubcinjuz

Fyijcjul9/lOfulFyqptvsf)ONW* g fs!Dpousbdu!UzgFlgpsiFotFncrf
1/9
177
1/5
1/3

Net Portfolio Exposure (%)

Fofshz!Hbt

| — coerinfubit MjwFtupdI Tpgut

1/9
1/7

: ,J ¥ i WA Iy

Net Portfolio Exposure (%)

DM 90T A\ QO N AV A AT 0 0 A\ DT O N AV oD o

4 Ny N DYDY W AR OO OO O NG

N B A o A A Y o o o o S Y Y T o oy
—— Hshjot!Pjitffet Fofshz!Pji —— Qsfdjpvt!Nfubnt

Tpvsdf;!CippncfshiMMD/

Conclusion

Uijt!idibgufsicfhbo!xjui!b!tjngrflrvftujpo;'Dbolui Fisjhps!boe!tusvduvsFlpg Frvjuz.cbtfelnbdijof!
rFbsojoh!gjgfjofticflusbotgptfe!poup!dpnnpejuzigvuvsFtinbsifut-1xi fsflfdpopnjd!jouvjujpo!
svotleffglcvulnpefjoh!bqgndbujpot! i bwFlsFnbjofelibshfiz!tjnpfelboe!tFhnfoufe@'Ui fisFtviut!
pgluijtituvezitvhhftului flbotxfs!jtibldifbs!zft-lbw i pvhilopulxjui pvuljngpsuboul tusvduvshn!
bebqubujpot!sfibujwflup! frvjujft/

DpnnpejuzigvuvsttibsFlopultupdIt/!Ui fzhbd l!cbnbodfiti Ffut-lbsFhpwfsofelcz!tvganz!dibjot!
sbui Fsluibo!dpsgpsbuflejtdiptvsft-lboe!npwflup!lui FlcFbu!pgfyphfopvtidzdift-Ixfbui fs!hfpgpn.
jujdt-ljowFoupsjFt-'boe!jotujuvujpobnigptjujpojoh/!Ui Ftfidibsbdufsjtujdt-!pgufolgsbnfe!bt!npefjoh!
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dibmFohft-Ibsfljo!gbdului FlwFsz!gspgFsujftiuibulnblfldpnnpejuz!nbsifut'boljefonuftucfe!
gps'npefsoltvgfswjtfenfbsojohliufdiojrvit/!Xifolpshboj{feluispvhi!b!dsptt.tfdujpobnrfot-!

x i fsflgsfejdupstibsFlefsjwFelgspn!bttfulgsjdjoh!ui fpsz!boelopukvtu!gsjdfigbuufsot-ldpnnpejuz!
gvuvsTtisfwFbnb!gfstjtufoulboe!rfbsobenfltusvduvsluibuldbo!cFlvtfelgpsinpohbti psulqpsugprjp!
dpotusvdujpo/

Nz!bqggspbdi!xbt!cvju!poluisFfigpvoebujpobnldi pjdft/!Gjstu-Nisppufelui FlgFbuvsTtjolbdbefnjd!
ui fpsz-lopulufdiojdbnigpninps/IDbssz-!cbtjtinpnfouvn-ltifxoftt-lynf.tfsjftinpnfouvn-!
boe!tp!po!bsflopulbe!ipd!dpotusvdut!cvulnbojgftubujpot!pg'tupsbhfldpotusbjout-!i Fehjoh!gsft.
tvst-lboe!lnbslfultFhnfoubujpo/!'TFdpoe-lifyufoefelui fifngjsjdbnbttfulgsjdjohphjd!pg!frvjuz!
gbdups!npefitljouplui Fldpnnpejuz'tgbdficz!dpotusvdujoh!dsptt. tfdujpobnnpohoti psu!gpsugpnjpt!
hvjefelcz!nbdijof.ifbsofe!tdpsft/!Gjobmz-lJljouspevdfeluFngpsbnejwfstjuz!cz!gsfejdujohlbdsptt!
nvujgrf! i psji{pot-Ixijdiljt!b!lsFhnjtujd!npefso!xbz!pgldsFbujohlusbebcrflqpsugprjpt-ldbquvsjoh!
cpui'tipsu.ufsnisfwfstbrt'boehpoh.ufsnlusfoe!dzdrfticzlgvtjohlui Fnlwjb!FotFncrflbwisbhjoh/

Bdsptt!b!41.zfbs!xjoepx!boe!52!gvuvsTt!idpoushbdut-l'tipxFeluibu!NM!dbolopu!ponz!gpsfdbtu!
dsptt.tfdujpobnisfuvsot!cvulbntp!sbol!bttfut!jolb!xbz!uibulgspevdftidpotjtufoulfdpopnjd!

wbnv /U T FIifNgjsjdbrisFeviut!bsFljotusvdujwf/!Ujn . tFsjFtinpnfouvn-lui fldpsofstupof!pg!
usFoe.gpmpxjoh!DUBt-lepnjobuft!nptulnpefit-gbsujdvibsiz!pwfs!joufsnfejbuflupmpoh!i psj{pot/!
TIfxoftt-blijhifs.npnfoulgFbuvsFipgufo!jhopsfeljo!Frvjuz!NM-Igibzt!b!nfbojohgvilsprflbulti psu!
ipsj{pot-lijoujoh!bulsfwFsthnlufoefodjft!boe!qpufoujontfoujnfou.esjwfo!Njtgsjdjoh/iNnqpsubourz-!
ui FifotFnenfltusbufhzlepftinpsfluibolkvtulcrfoeltjhobrtjulsFdpodjrfFtiui FluFotjpo!cfuxffo!
tipsu.ufsn!bigiblboehpoh.ufsnispevtuoftt/Vonjl fljoejwjevbiinpefit-Ixijdi! fyijcjulb!njssps!
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QUANTUM COMPUTING
FOR FINANCE

Ptxbnep![bgbub-'Qi E
Dpgpvoefs!UifIRvbouvn!GjobodfliCpbsesppn
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Quantum Computation

Rvbouvn!dpnqvubujpo!jtib!rvbouvn.nfdibojdbnbqgspbdilup!tpmwjoh!dpngvubujpobnigsperfnt/!
lotufbe!pglstizjoh!polusbejujpobnCpprfbo!brihfcsb-!1x i Fsfljogpsnbujpo!jtisFgsFtfoufeljo!cjobsz!
gpsnOTjui Fs!1ipsl20'rvbouvn!dpngvubujpo!vtftiui Fligsjodjgrftiboe!nbui fnbujdbnigpsnbmjtn!pg!
rvbouvn!nfdibojdt-ltvdi!bt!tubuflwfdupst-'vojubsz!pgfsbupst-lboe!n fhtvsfnfout-lup!bssjwf!bu!
1phjdbntpmvujpotiup!dpngvubujpobnigsperfnt/!Blrvbouvn!dpngvufs!jtiui figiztjdbnefwjdfluibul
jngrfnfoutlui flrvbouvn!dpnqgvubujpobiigspdfFttft!pg'joufsftu/

Rvbouvn!nfdibojdtleftdsjcft!obuvsfljo!blgvoebnfoubmz!ejygfsfoulxbz!gspn!dibttjdbngiztjdt-!
xijdilsfijftipo'tvdi!dpodfqut!bt!gpsdf-Inbtt-whipdjuz-'boe!frfdusjdondvssfout/! Xjui lui jt!dbwfbu!
jolnjoe-lipxfwfslesbxjoh!bo!bobnphz!cfuxffoldibttjdbrboe!rvbouvn!djsdvjut!dbo!tujmcivtfgv/

B!tuboebse!fifduspojd!djsdvjuldpotjtut!pgfrfdusjdbridvssFout!boe!b!tfsjft!pg fifduspojd!dpnqgp.
ofout!lopxo!bthiphjd!hbuft/!B!djsdvjuldbo!cFleftjhofe!tgfdjgjdbmz!up! tpmFib!hjwFo!gspcrfn/IUijt!
bssbohfnfou!pg!dvssfout!boe!hbuftOuibuljt-lui fidjsdvjuOdpotujuvuftibo!bnhpsjul N/!Ui Ftfldjsdvijut!
bsflefufsnjojtujdjolui fFitFotFluibu-hjwFo!b!tfulpgljoqvuldvssFout!boe!b!tfrvFodfipghbuft-luif!
pvugvuljtivojrviiziefufsnjofe/lUi fifyjdjfodz!pglui fibnhpsjul nljtifwbnvbufe!polui flicbtjt!pglui !
ovncTsipgthbuftiboehbzfstljulvtFtOblgjfie!lopxo!bt!djsdvjuldpnarfyjuz/
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Ui flcbtjdfrFnfout!pg!b!rvbouvn!djsdvjulbsflui flrvbouvn!bobrphvt!pg fifdusjd!dvssFout!boe!
fifduspojd!dpngpofout/!Ui fIPrvbouvn!fifdusjdidvssFouth!bsFldbmfe!rvcjut-lboe!ui fIPrvbouvn!
fifduspojd!dpngpofouthlbsfldbmfe!rvbouvn!hbuft/!Bolbsshohfnfou!pg'rvbouvn!hbuft!gpsnt!
b!rvbouvn!djsdviju/!><i folb!rvbouvin!djsdvjuljt'eFtjhofelup!tpmwFiblgbsujdvibs!dpngvubujpob!
gspcrfn-ljuljtisfgfssFelup!bt!blrvbouvn!bnhpsjui N/lJo!dpousbtulup!dibttjdbnidjsdvjut-lrvbouvn!
djsdvjut!bsflhfofsbmz!opoefufsnjojtujdicfdbvtflui FinfbhtvsFnfoulgspdFttOboljoufhsbiigbsu!pgb!
rvbouvn!djsdvjuOuzqgjdbmz!gspevdftiblgspcbcjijtujd!pvugvu/!Gpsfybnagnf-ljo!b!drib ttjdbndjsdvju-'pof!
bnxbzt!nfbtvsFt!fjui fslui FigsFtfodflpsibctfodflpg!bldvssFouljolb!gsFejdubcrflixbz/lo!dpousbtu-!
jolblrvbouvn!djsdvju-Infbtvsjohlui fltbNnflrvcjuldbo!zjfrelejggfsfou!pvudpnftOtpnfujnft!
joejdbujohlui fligsFtfodf!pg!bldvssFoulboe!pui Fslujn ftljoejdbujohljut!bctfodFOfwfo!jglui Fldjsdviju!
jt'vodibohfe/

Jolnbui fnbujdbnufsnt-!rvcjut!bsFisFgsFtfoufe!cziwFdupst!jo!blopsnfeldpnagrfy!wfdups!tgbdf-!
boe!rvbouvn!hbuft!bsfisFhn{fe!cz!vojubsz!usbhotgpsnbujpot/!Ui finptulcbtjd!rvcjuljt!b!2.rvcju/!
Uijtirvbouvn'tubufljtisFgsFtfoufe!cz!b!dpngrfynjofbsidpncjobujpo!pgluxp!opogbsbmflwfdupst!
)vtvbmzlubIfo!bt!psui phpobr*/!Rvbouvn!hbuft!bdujoh!po!tjohiflrvcjut!dibohflui fldpogjhvsbujpo!
pglui Flrvcjulczinpejgzjohlui fildpnarfy!dpfggjdjFout/!IGps!fybnagrf-!b!'rvbouvn!hbuf!dbo!fydibohf!
pofipgiui flcbtjtiwFdupst!gpsiui Flpui fs!ps!tingrz!nbIFjulwbojti/!Ui finfbtvsFfnfoulgspdfttibu!

ui fifoelgspwjettib!gspcbejijtujdisFtviulcbtfe!polui flofx!dpncjobujpoldstbufelcz!ui flrvbouvn!
hbuf-!psthbuft-lefgfoejoh!polui fldpnarfyjuz!pglui figsperfn/!IGpsinpstihfofsbn rvejut-Ixfivtf!
ui Flufsnlo.rvcju/lUi fiwFdupsleftdsjcjohluijt!rvbouvn!tubufjtinpsfldpnagrjdbufe;luljowpmwft!
3olopogbsbmfilwfdupst-lvtvbmz!psui phpobi-'boe!3°ldpngrfy!ldpfygjdjfout/!Rvbouvn!hbuft!bsF!
vojubsz!usbotgpsnbujpotiuibuldibohflui fldpFggjdjFout!pglui Fljogvulrvcju/!Rvbouvin'!hbuft!boe!
djsdvjut!npsfthfofsbmz!rfwFsbhflui Fifoubohrfnfoulgspgfsuz!pg!rvbouvn!nfdibojdt-Ixijdi!
jowpmwFt!dsfbujoh!bo!pvugvulrvcjuluibuldpoubjot!npsfjogpsnbujpoluibolui fljoejwjevbnjoqvu!
rvcjutlvtfelup!dsfbufiju/

Blgjobn!xpse!bcpvulrvbouvn!djsdvjut;ul ibt!cFfo!lopxo!tjodflui fifbsiziebzt!pglnpefso!dpn.
qvujohluibu'boz!drbttjdbnidjsdvjuldbo!cfldpotusvdufe!vtjoh!b!tnbm!itfu!pgfrfduspojd!dpngpofout/!
Tvdilbltfuljt'lopxo!bt!blvojwFsthnhbuf! tfu/!' Tjnjibsiz-'boz!rvbouvn!pgfsbujpo!dbo-ljolui Fpsz-Icf!
bggspyjnbufe!vtjoh!blgjojufitfulpg'cbtjd'hbuftOlopxo!bt!blvojwFsthbi rvbouvn!hbuf!tfu/

Ui finpujwbujpolgpstefwipgjoh!rvbouvn!dpngvufstitufntigspnluxp!dfousbnlcfjfgt;

o/ UiTz!nbz!tjhojgjdbounz!pvugfsgpsn!dibttjdbnie fwjdft!po!dfsubjolubtit-lgspwjejoh!Fyqpofoujbn!
ps'gpnizopnjbiljodsfotftljoltqffe/

o'  Rvbouvn!nbdijoft!njhiulcfberflup!tpmFlgsperfntieFFnfeljousbdubcrflgps!idibttjdbn!
dpngvufstOpggfsjohlopu!ponz!gbtufsidpngvubujpolcvulbrtp!gvoebnfoubmz!ofx!dbgbcjnjujft/

Bui pvhiluijt!gpufoujbnisFnbjothbshfizlui fpsfujdonbulgsFtfou-thspxjoh!fwjefodflboe! fyqfs;.
nfoubnigsphsfttitvhhftuluibulrvbouvn!dpngvubujpo!dpvre!sfwpnvujpoj{flui FldvssFoulbqqgspbdi!
up!dpnarfy!gspcrfnt!bdspttiwbsjpvt!tdjfoujgjd!boelufd i opnphjdbilgjfret-ljodivejoh!gjobodf/!
Tjhojgjdbou!d i bmFohFt!sFnbjo-!i pxfwfs!boe!i FsFllijhinjhiuluxp;)2*ui flejogjdviuz!pglgsFtfswjoh!
ui Flrvbouvn!gspqgfsujft!pgrvcjut'boe!rvbouvn'hbuft!boe!)3*ui fid i bmFohf!pg!dpotusvdujoh!
tbshfs!npsfldpnagrfy!rvbouvn!djsdvijut/

Jg'blrvcjulpsirvbouvn'!hbuflvogsfejdubciz!d ibohftljut!rvbouvn!gspgfsujft-lui Flui FpsfujdbngsFejd.
ujpot!xjmopipohfsibrjho!xjui!ui FifyqgfsjinfoubnsFtvut/!UijtlejtdsFgbodz!dboldpnagspnjtfiui f!
foujsFlrvbouvn!dpnagvubujpo/! Tvdi lvogsTejdubcijrjuz!jt!sfgfssFelup!bt!bo! Fssps/!Gpsuvobufiz-ltpn T
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Tsspst!dbolcFldpssFdufe/lUijt!dibmFohf!jtlopu!Foujsfnz!ofx/lolui Fifbsiz!ebzt!pg'dibttjdbn!
dpnqvujoh-lejhjubnidpngpofout!xFsfibrtp!jngfsyfdu-Iboe!Fssps!dpssTdujpolnfui pet!xFsFifttfo.
ujbr/!Pwfslujnf-ldibttjdbn ibsexbsflcfdbn Flitplsfijberfluibultvdildpssfdujpot!cFdbnfiibshfiz!
voofdfttbsz/!io!dpousbtu-lrvbouvn!tztufnt!sfnbjolijhinz!tFotjujwFlboe!ejggjdviulup!jtprbufigspn!
ui Fjs'Fowjsponfout/!FwFo!njops!joufsbdujpotOdpmfdujwnz! lopxo!btlopjtfOdbo!ejtsvqulrvbouvn!
cfibwjpy!UplubdInfluijt!gsperfn-Ifohjoffst!xpsl!polufdiojrvftiup!tijfre!rvbouvn!djsdvjutigspn!
fowjsponfoubrlopjtf-lboelui Fpsjtut'efwkipq!gspdfevsftiup!efufdulboe!dpssFdulwbsjpvtiuzgft!
pg!Fsspst/

B!ldpnnpo!fybnagnfljtiblcju.gijq!fssps!>x i FsFlui Fltubuf!pglb!rvejulgigtivofygfdufenzlevsjohlusbot.
Njttjpo!psigspdfttjoh/lo!dibttjdbndpnqgvujoh-ltvdifsspstibsFldpssFdufe!czlevanjdbujoh!ui ficju!
boe!vtjoh!nbkpsjuz!wpujoh<lgps!' Fybnagif-ljotufbe!pg'vtjoh!1-IxfivtFl111/\g'poFldpqz!jtigiggfe-!

ui FltztuFn'!dboljefoujgz!boelgiylui FiNjtub I Ficzldpngbsjohlui FiwbnvFt/IUijtinfuipelbttvnft!
uibului Flgspcbejnjuz!pglbo! Fssps!pddvssjoh!jt!iFyusFnfizinpx<!jg!nviujgrf! Fsspst!pddvs-ui FldpssFd.
ujpolghjrt/!Rvbouvn!dpnqvujoh!bqarjftib!tjnjibs!jefblcvulXjui!jnqgpsubou'ejygFsFodFt/lotufbe!pg!
dpgzjoh!rvcjutlejsfdunz!)jngpttjcrficfdbvtfipgrvbouvnisvift*-lui fljogpsnbujpoljtitgsfbelbdsptt!
nvjgrflrvejut!jo!b!xbz!uibulbmpxtigps!Fsspslefufdujpo!boe!dpsstdujpo/Ui Ftflhspvqt!pg!rvcjut!
bsfldbmFelphjdbirvcjut-lboe!fbdi!joejwjevbirvcjuljolui Flhspvqljtisfgfssfelup!btiblqiztjdbnrvcju/

Efufdujoh!fsspst!jo!rvbouvn!tztufnt!jtinpsflefjdbufluibo!joldibttjdbrpofticFdbvtflejsFdurz!
nfbtvsjoh!b!lrvcjuleftuspzt!jut'tubuf/otufbe-'rvbouvn!dpngvufstivtfljoejsFdulnfui petOtvdi!
bt!gbsjuz!di fdltOup'!efufdulFsspst!xjui pvuldpmbgtjoh!ui flrvbouvn!jogpsnbujpo/!Podflbo! Fssps!
jtljefoujgjfe-ldpssfdujpolufdiojrvtibsfibganfelup!sFtupstlui Fipsjhjobntubuf/!Cfzpoe!tjngnficjul
gjqt-'pui Fsluzgft!pg!fsspstidbo!bggfdulrvcjut-ljodivejohlui ptfldbvtfelcz!gbviuz!hbuft/lg!blrvcju!
Toufst!blgbviuz!hbuf-lui Fifsspsinbzigspgbhbufluispvhi pvului flirvbouvn!djsdvju/! XpstFtujm-lui F!
gspdftt!pgldpssfdujoh!fsspstibitpljowpmft!rvbouvn!dpngpofoutOxijdi!nfthotljuldbo!jouspevdf!
ofx!fsspst/Uijtlezobnjd!dsfbuft!b!gbsbepy;!Gjyjoh!fsspstidboltpnfujnftidbvtfinpsfipglui fn/!
Bt!blsFtviu-lcvjiejoh!stijberflrvbouvn!dpngvufstisfrvjsttitdbonoh!vglui fltztufn-Ixijdilgvsui fs!
jodsfbtftiui fidibodft!pg'tpnfuijoh!hpjoh!xspoh/!Gpsuvobufiz-IsFtfbsd i fst! i bwFlgspwFoluibu!
j9'dfsubjo!dpoejujpot!bsFinfu-!FsspsldpssFdujpo!dpeft!dbo!sFevdfifssps!sbuftiupwszinpxmFwfnt/!
Blgbviu.uprfsbou!rvbouvn!dpnqvufs!jtipofluibuldpoujovbmz!efufdut!boe!dpssfdut! Fsspst!jo!jut!
nphjdbnrvcjutluispvhi pvului Fldpnqgvubujpo-fotvsjoh!ui FlgjobnsFevm!jtisfjbenf/

Jolsfdfoulzfbst-11 pxfwfs!tdjFoujtut! i bwFldpnflup!bddFqului bulgbviu.uprfsbou!rvbouvn!dpngvufst!
xjmopulcFlbwbjibcrflbozujnfitppo/!Bt!b!sFtviu-lui fz!icFhbohppljohlgps!npsTistonjtujd!brthpsjui Nt!
uibuldpwre!cFljngrfnfoufe!polofbs.ufsn!rvbouvn!dpnqgvufst-Ixijdi!bsflidibsbdufsj{fe!cz!
b'npefsbuflbnpvou!pglopjtfliboe!b!sfibujwiz!tnbmovncfs!pgrvcjut!boe!hbuft/! X Flbsfldvs.
sfounz!joluijtitubhf-llopxo!btiui Flopjtz!joufsnfejbuf. tdbrflrvbouvn!)OITR*! fsh/!Bddpsejoh!up!
fyqgfsut-IxFixxjmhjIfz!sFnbjoljoluijt!qibtFlgpstfwFshnzfbst!)fwFolefdbeft* cfypsFibdi jfwjoh!
gbvnulupnfsbodf/

Ui flbnhpsjui nt!'fygfdufelup!cfljngrfnfoufe!jolui flofbslufsn!bsfllopxo!bt!izcsje!lrvbouvn®
dnbttjdbnbrhpsjui nt/Uiftfldpncjof!rvbouvn!boe!dibttjdbngbsut;!Uiflrvbouvn!tvespvujoft!
beesfttigsperfntiuibulbsflibselgps!dibttjdbnidpngvufst-Ixijiflui Fldibttjdbndpngvufs!iboenft!
ubtlt!x i FsFljut!FygjdjFodz!jt!xfmFtubcrjtiFe/!Gpsfybnagnf-wbsjbujpobn rvbouvin!brhpsjui nt!
JWRBt*bsFIOJTR!brhpsjui ntleftjhofelup!efnpotusbuf! rvbouvn!bewboubhf!)gsbdujdbr rvbouvn!
tvgstnbdz*ljolui FlofbslgvuvsF/ICFdbvtfinboz!gsperfntCopulponzljo!giztjdtiboe!ldi fnjtusz!
cvulbrtpljolgjobodfOtibsflbldpnnpo!voefsizjoh!tusvduvst-lui Flufdiojrvftivtfe!jo!WRBt!dbo!
cflbqanjfelup!bxjefwbsjfuz!pg'tjuvbujpot/'WRBt!bsfldpotjefsfe! i fvsjtujd-Ixijdiinfbotiuibu!
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biui pvhilui fsfljtidvssfourz!op!sihpspvtigsppgluibului fz!pvugfsgpsn!lopxo!dibttjdbnbihpsjui nt-!
ui FsfibsFlui Fpsfujdbrisfbtpotigpsipquinjtn/IUi i pgfljtiuibulgvuvsFisFtviut!xjmefnpotusbuf!
uifjstbewboubh¥/

Machine Learning for Finance

Bt!nfoujpofeljoltfwfsbidibqufst!pgluijticppl-!bsujgjdjbrjoufmjhfodf!)Bi*jtlusbotgpsnjoh!nboz!
joevtusjft-ljodivejoh!gjobodf/!Cbolt!boe!qvceijdjotujuvujpotibsfivtjoh!Bllup!efufdulgsbve-lbttFtt!
dsfejulsjtl-'boe!jefoujgz!jowFtunfou'pgqpsuvojujft/!UijtitfdujpolgpdvtFt!po!nbdijofirfbsojoh!
JNM*Obltvcgjfie!pg!Blldpodfsofe!Xjui!bthpsjui ntluibultFFllup!'vodpwfs!gbuufsot!jolebub/lo!
giobodf-Ixifsflebubltvdi!bt!tupdl'NnpwFnTout!boeldvtupnfsicFibwjps!bsflbcvoebou-INMINnpefit!
bsflvtfelup!bobnz{fluijt!jogpsnbujpo'boe!hfofsbufibdujpobcrfljotjhiut/oluijtitfdujpo-lixjm!
stwjFx<!tfwFsbn!NM!brhpsjui nt!dvssFouz!vtfeljolgjobodFOFtgfdjbmziui ptfltFfolbt!gspnjtjoh!
dboejebuftlgps!ifoibodfnfouluispvhi!rvbouvn!dpnagvujoh/!Cvulgjstu-ljuljt!fttFoujbnlup!dibsjgz!
Xibuljt'nfboulcz!Pebubp

Ui flufsn'ebub!sfgfstiup!jogpsnbujpo!bttpdjbufe!xjuilqiztjdbnpckfdut!psibctusbduldpodfqut/!
JoINM-Itvdi!jogpsnbujpoldpnTt!jolwbsjpvtigpsntiboeljt!pgufoldibttjgjfe!joup!uxp!Nnbkpsiuzgft/!
Tusvduvsfelebub!bsflipshboj{fe!boe!fbtjiz!sFqsFtFfoufe!jolubcvibsigpsnbut-Itvdi bt Nnbusjdft/!
Joldpousbtu-l'votusvduvsfelebubhbdlluijtljoi FsFou!pshboj{bujpo< fybnagnft!jodnve Fisbhx<!ufyu-!
jnbhft-boelbvejplsfdpsejoht/IEFtgjuficfjohinpsfigsfwbnfouljolui fisFhbnxpsie-lvotusvduvstelebub!
nvtulgjstulvoefshp!difbojoh!boelgpsnbuujohlcfgpsfiui fz!dbo!cFivtfe!jo!NMIinpefit/Uglui Flebub!
bsfljodpnagrfuf-jodpotjtufou-'psigppsiz!tfifdufe-Inpefit!cvjulpo!tvdilgpvoebujpot!nbz!zjfe!
jobddvsbuf!psinjtrfbejohlgsfejdujpot/IUi fsfypsT-lui FligsfgspdFttjoh!tubhfljtlopulb!qfsjg i fsbn'tufq!
cvulblgpvoebujpobnidpngpofou!pglui Finbdijofirfbsojohlqjgfjof/

Tvqfswjtfelrfbsojoh!jtlbnpohlui Finptulxjefizivtfe!NM!gbsbejhnt/loluijtibggspbdi-'Nnpefit!
bsflusbjofelpohbctifelebub-Ixifsflui fljoqvut!boelui fjsldpssFtgpoejoh!pvugvut!bsfllopxo!jo!
bewbodf/!Ui flpckfdujwE!jtiupiifbsolb!nbggjohlgspn!jogvutiup!pvugvutiuibulhfofsbn{Ft!>fmiup!
ofx-lvotffolebub/Evsjohlui flusbjojoh!qibtf-lui Finpefiljufsbujwiz!bekvtut!jutfiglup!njojnj{flui f!
ejtdsfgbodz!cfuxffoljutigsfejdujpot!boeluifibduvbnibctit/!Uijtibekvtunfoulgspdftt!jtiuzgjdbmz!
bdijfwfelcz!njojnj{joh!bhpttigvodujpo-boelui fFinpefilt!bcjiuziup!hfofsbn{fjt!ui folfwbivbufe!
vtjoh!bltFgbsbufluftultfu/!'TvgfswjtFehfbsojohlubtltibsFldpnnponz!ejwjefe!joup!sFhsFttjpo!boe!
dnbttjgjdbujpo!gspcrfnt/Uolsthsfttjpo-lui Finpefigsfejdut!dpoujovpvt!pvudpnft/!Dibttjgjdbujpo!
ubtlt-'joldpousbtu-jowpmwF!bttjhojoh!ejtdsfufiibcfit!lup!ebub!gpjout/

VotvgfswjtfelrfbsojohlejwFshftigspn!tvgfswjtFenfbsojoh!jolblgvoebnfoubnxbz;Ju!pqfsbuft!
polebubtfutiuibulibd Ibctife!lpvugvut/IUi flibjn!pglvotvgfswjtfelrfbsojoh!brihpsjui nt!jtiup!
vodpwfs!ijeefoltusvduvsTt!ps!gbuufsot!jolui Flebub!xjui pvului fibje!pg!Fyanjdjulhvjebodf/Uolui Ftf!
dbtft-lui fljogvuldpotjtut!tprfiz!pglgfbuvstt-lboelui flbrhpsjui nljtlubtife!xjui!jefoujgzjoh!
jousjotjdisfibujpotijgtlbnpohiui fn/!Pofldpnnpoldibmfohfljo!tvdi!tdfobsjpt!jt'nbobhjoh!
ijhi.ejnfTotjpobnebub-IxifsFlui flovncfs!pglgfbuvstt!jthbshf/!ISFevdjohlui flejnfotjpobn.
juz!pglui FlgFbuvsFitgbdflcFdpnftibo! FttfoujbntufqgOopu!ponz!iup!tjingngz!ui Flebub!cvulbrtplup!
foibodflui fifyjdjfodz!pgtvctfrvfoulbobiztjt/!PofltztuFnbujdinfuipelup!gfsgpsn!tvdilgFbuvsF!
sfevdujpoljtigsjodjgbnidpngpofoulbobnztjt!)QDB*-Ib! 1 fz!ufd i ojrvFivoefsiui Flcspbefsidbufhpsz!pg!
ejnfotjpobnjuz!sfevdujpo/

Ofvshnlofuxpsltisfgsftfoulb!dibtt!pg!NMIiNnpefitiuibuldbo!cF tvgfswjtfe!psivotvqgfswjtfe/!
JotgjsfelczluifltusvduvsFipglui Flivnbo!csbhjo-lui FtFinpefit!dpotjtu!pghibzfst!pgljoufsdpoofdufe!
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opeft-Ipslofvspot/IFbdilofvspo!gfsgpsntibldpnqgvubujpolcbtfe!poljutljoqvut!boelusbotnjut!

ui FisFevnuluplui Flofyulibzfs/!U i Flofuxpsl!jtiusbjofe!cz!bekvtujoh!joufsobngbsbnfufst-'tvdi!bt!
xfjhiutlboe!cjbtft-lup!pgujnj{fbo!pckfdujwFlgvodujpoOpgufolvtjoh!tvdi!bnhpsjui Nnt!btihsbejfoul
eftdfou/IGpslubtitljowpmjoh!tFrvfoujbriebub-lsfdvssFoulofvsbrofuxpsltibsfpgufo!vtfe/lUi ftf!
ofuxpsltiejggfslgspnlusbejujpobnigffe.gpsxbse!npefit!joluibului fz!Nbjoubjo!b!ijeefo!tubuf-!
fobcnjohlui fnlup!jodpsgpsbufjogpsnbujpolgspn!gstwjpvtijogvut/! I pxfwFs!sFdvssFoulofuxpsit!
bsflgspoflup!tvdiljttvFtibtiui Flwbojtijoh!hsbejfou gsperfn-Ixijdi!ijoefstiui fijs!bcjrjuz!up!
dbquvsfliipoh.ufsnlefgfoefodjft/Mpoh!tipsu.ufsn!Nnfnpsz!lofuxpsltbeesfttiuijthjnjubujpolcz!
jouspevdjoh!hbujoh!nfdibojtntluibulgsftfswijngpsubouljogpsnbujpo!pws!fyufoefeltfrvfodft/

NM!bggnjdbujpot!jo!gjobodFibsFlwbtulboe!tgbo!wbsjpvtiepnbjot-ltvdi!bt!dsfejultdpsjoh-lgsbve!
efufdujpo-!gpsugprjp!nbobhfnfou-lboe!Nnbslfulbobnztjt/'Tp N Fyaqnjdjul Fybnarft!bsfldpwfsfe!
ofyu/lUi fljngspwFnToulpglui FtFINMINnfui pet!Xjui!rvbouvn!dpngvufst!jtifyqgfdufelup!foibodf!
gjobodjbngfsgpsnbodflboe!tfswjdft/

TvgfswjtFe!npefit-lcpui!sfhsFttjpolboe!dibttjgjdbujpo-lbsFigbsujdvibsnz!vtfgviljo!dsFejultdpsjoh-!
xifsfluifz!gsfejdului Flgspcbejjuz!pglblcpsspxfsisFgbzjoh!bpbo!psle Fgbviujoh/!U i Flebubtfu!
uzqgjdbmz!jodiveftigfstpobnjogpsnbujpolbecpvulcpsspxfstOtvdilbtiui fjslbhf-Ihfoefs!boelgjobo.
djbnlebub-ljodivejohlippbo!bnpvou-ldsfeju! i jtupsz-lboelsFgbznfoulsFdpset/!Podflui finpefljt!
ushjofe!poluijt!fosjdi felebubtfu-ljuldbo!gsFejdului Fhjlfiji ppe!pginpbo!sfgbz nfoulgpslofx!bgan;.
dbout/!Gjobodjbrljotujuvujpot!dbolui FolvtFfluijt!igsfejdujpolup!efdjefixifui Fslup!bqgspwfibinpbo!ps!
tfuldsfejulijnjut!cbtfe!polui Fbqgndboult!gfsdfjwFe!dsFejuxpsuijoftt/!Sjtl!bttFttnfouljolgjobodf!
jtiblnpsfldpngstifotjwflubtluiboldsfejulsjtIfwonvbujpo!brpof/Uoluijtidpoufyu-Isjtlibttfttnfou!
jowpmwFt!gsfejdujohlcpuilui flgspcbejijuz!boelqpufoujbndptulpgbewfstfifwFout!uibuldpvreljngbdu!
b!dpngboz(t!gjobodjbn i fbui /Ui FltgfdjgjdiebubtfulboelgfbuvsFtivtfelefgfoe!polui Fluzgfipg!sjtl!
cfjohlbttfttfe-xijdildpwvieljodivef!nbslfulsjtl-ldsFejulsjt1-Ipgfsbujpobnisjtl-Ipsidpvousz!sjtl/ig!
ui Flhpbnjtiup!bttfttiui fisjtl!bo!fwFoulgptftiup!bldpngbozit!nbsifulwbivbujpo-Isfirfwboulebub!bsT!
hbui fsfelboelui fltvgfswjtfe!npefiljtiusbjofelup!vodpwrsigbuufsot/!Cz!bobnz{joh!ui fisfibujpo.
tijgticfuxffolui FljogvulgFbuvsFtiboelubshfulwbsjberft!)tvdi!bt!dibohft!jo!nbslfulwbnvbujpo!ps!
fhsojoht!wprbujnjuz*-lgjobodjbnljotujuvujpot!boeldpsqpsbujpotidbo!Nnblfinpst.jogpsnfelefdjtjpot!
up!nijujhbufisjtit/

Ui fll.ofbsttulofjhicpst!) 100* bihpsjui N!jtibldibttjgjdbujpo!nfui pelui buljt!gbsujdvibsiz!><fm!
tvjufelgpsitvdilubtitibt!dsFejulsjtl!bttfttnfoulboe!gsbvelefufdujpo/loldsFejulsjtlbttFttnfou-!
gps!'fybnarf-1100!dbo!gsfejdul> i fui Fs!blgpufoujboncpsspx<fsixjmsFgbz!bhpbo!psle Fgbviu/!U i F!
bnhpsjui N!xpslt!cz!usbjojoh!polebublgspn!gsfwjpvticpsspxFst-Ix i FsFlFbdilebub!gpjouldpo.
tjtut!pg!gfstpobnboelgjobodjbnjogpsnbujpo!brpoh!xjuilb!sFgbznfou! ijtupsz/!PodFflusbjofe-lui f!
npefildpngbsftiblofx!bggndboult'ebublup!ui F!l1.ofbsFtulofjhicpstljolui Flusbjojohlebubtfulboe-!
uispvhi!nbkpsjuz!'wpujoh-lgsfejdut!> i fui fslui Flbqqgnjdbouljthj 1fiz!lup!sFqbz!psle Fgbviu/! Tjnjibsiz-!
jolusbotbdujpolgsbvelefufdujpo-100!dpngbsftiofxlusbotbdujpot!xjui!gbtu!poft-lefufsnjojoh!
xifuifslofxlusbotbdujpotibgqfbsigsbvevifoulcbtfe!polui fisitjnjbsjuziup!gsfwjpvtigsbvevrfou!
psinfhjujnbuflusbotbdujpot/!UiFI1OO!bnhpsjui n!dbo!brtplcflivtfelup!jefoujgzinpofzhbvoefsjoh!
gbuufsot-'bui pvhilnpofzhbvoefsjoh!efufdujpo!pgufo!sfrvjsftinpsfldpnarfylgfbuvsffohjoffs.
johlboelepnbjo.tgfdjgjd! lopxrfehf/

QDB!jt'bopui fs!lgpxTFsgvnlupprtvtfe!jolgjobodf-gbsujdvibsizigpsitvdilubtl t!bt!dsFejulsjtl!bttFtt.
nToulboe!gpsugprjp!nbobhfnfou/llo!dsFejulsjitlbttFttnfou-!Nboz!gFbuvsFt!jolui FlebubtfulbsT!
ijhinz!dpssfibufe-ltvdilbt!jodpnf-lefcu.up.jodpnFisbujp-boe!ldsFejulvujnj{bujpo/!QDB!i fiqt!cz!

sfevdjohlui flejnTotjpobnjuz!pglui flebubtfulxijifligsFtfswjohlui finptuljngpsuboulwbsjbodf!
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jolui flebub/\Uijtigspdfttibmpxtisjtlbobiztut!up!lgpdvt!ipolui Finptultjhojgjdboulgbdupst!jogmv.
fodjoh!dsfejulsjtl-ltvdi!btljefoujgzjoh!cpsspxFsidivtufst!ixjui!tjnjmbs!sjt1!gspgjrft!psitqpuujoh!
pvujfstiuibulnbz!sfgsftfoulvojrvFisjtlt/IQDB!dbo!brtp!cFbqgnjfelup!gpsugprjp!nbobhfnfou-!
xifsfljulifigt!jo!sFevdjohlebub!dpnqifyjuz-igpdvtjoh!polui Finptulsfirfwbou!sjtlgbdupstigps!bttfu!
bmpdbujpo/!Cz!tjingnjgzjoh!ui FldpwbsjbodfiNbusjy!pg'bttfut-'1QDB!jeFoujgjFt!iboe!sFnpwFt!ijhinz!
dpssfibufe!bttfut-lbmpxjoh!gpsugprjp!Nnbobhfst!up!nbjoubjolejwFstjgjdbujpo!xjui pvulvoofdfttbsjiz!
dpnarjdbujoh!ui Figpsugpnjp/!Ui FifgyjdjFodz!jngspwfnfout!cspvhiulcz!QDB!NbIFjulbwbrnvberfluppn!
jolnbslfulbobnztjt!bt!xfm-Ix i FfsFljuldbo! i fig!gpdvt!po! Ifz!Nnbslfulesjwfst! X ijrflejtdbsejohhftt!
strfwboulgbdupst/

Ui fll.nfbot!divtufsjoh!brhpsjui Nljtbolvotvgfswjtfelrfbsojoh!ufdi ojrvFivtfyviljolefufdujoh!
gsfwjpvtnzivotffolgbuufsot!ps'tvtgjdjpvticFibwjpst!jolebub/'VorjlfitvgFswjtFenfFbsojoh!bnhp.
sjuint-'l1.Nnfbotlepftiopulsfizipohbctifelebub-!nbljohljulnpsFigifyjcrfljo!vodpwEsjoh!lvofyqgfdufe!
usFoet/!Uijt!bcjjuz!jt!gbsujdvnbsiz!iwbnvbenfljo! fwpmwjoh!tdFobsjpt-ltvdilbtlgsbve!efufdujpolboe!
bouj.npofz.tbvoefsjoh-Ixi fsFlgsbvetufst!dpoujovpvtizibebqului fjslubdujdt/!Cz!hspvgjoh!tinij.
nbslebub!gpjoutluphfui fslboe!jefoujgzjoh!pvurjfstiuibulep!opulgjul<fmljoup!boz!divtufs!l.Nnfbot!
dbo!sfwfbnlvovtvbilpslgsbvevrfoulcFibwjpstiuibulnjhiulpui fsxjtflhp!voopujdfe/Buipvhilopu!
fyqgijdjunzleftjhofe!bt!bolbopnbiz!lefufdujpo!brhpsjui n-1l.Nnfbot!bejjuz!up! ijhinjhiubuzgjdbniebub!
gpjout'nblftljuboljngpsubouluppnigpsiefufdujohlgsbvelboe!gsfwFoujoh!npofzilbvoefsjoh/

Quantum Algorithms for Finance

Jolui Flezobnjd!fowjsponfou!pglui FinpefsolgjobodjbrljoevtuszOd i bsbdufsj{fe!cz!joufotF!
dpngfujujpo!boelfwpmwjohlsthwibujpotOrvbouvn!dpnqgvujoh!ipret!hsfbulgspnjtflicfdbvtflju!
jtifygfdufelup!tvsgbtt!dibttjdbntztufnt!jo!cpui!fggjdjfodz!boe!tFdvsjuz/'Tpn T fyqgfsut!gsfejdul
uibulgjobodf!nbz!cFlpof!pglui FlgjstujoevtusjFtiup!'voefshp!blusbotgpsnbujpolesjwfolcz!rvbouvn!
dpnqvujoh/!UifluinfjoFlgps!ui Flbwbjibcjnjuz!pglgvmzigvodujpobn rvbouvn!dpnqgvufstisfnbjot!
vodTfsubjo-!i pxfwfy

Stnfncfsiuibulgvmz!sfijbenf-lgbviu.uprfsboul rvbouvn!dpngvufst!bsfitujmnboz!zfbst!gspn!cfjoh!
sthnj{fe/!XFIbsFljolui fitp.dbmFe!OJTRIFsb-Id i bshdufsj{fe!cz!rvbouvn!efwjdftiuibulbsfisfib.
ujwfnz!opjtz!boe!tvgqgpsulponz!bhjnjufelovncfs!pgrvbouvn!hbuft/!Bt!b!sFtviu-IsFtfbsd i Fst! i bwf!
gpdvtfe!po!izcsje!rvbouvnodibttjdbnbnhpsjui nt-Ixijdi!dpncjoflui fitusfohui tipglcpui !dibttjdbn!
boe!rvbouvn!dpngvujoh/Nolui Ftflizcsjelnpefit-lrvbouvn!dpngvufstiubdIrflui finptuldpngv.
ubujpobmz!efnboejohlgbsut!pg!blgsperfn-Ixijrfldibttjdbildpnqgvufst! iboerflui flsFnbjojohlubtit/!
Uijtibgqgspbdi!pggfst!gsbdujdbnbewboubhft;!Uiflrvbouvn!tvcspvujoftisFrvjsfiponz!bhjnjufe!
ovNncTslpgldpi fsfoulrvcjut!boe!tibmpx!djsdvjut-Inbljohlui fnlgfbtjcrfXjuilupebzit!rvbouvn!
ufdiopnphz/

Rvbouvn!Qpsugpnp!Pqujnj{bujpo

Poflpglui flIfzibstbt!xifsflrvbouvn!dpnqgvujoh!dbo!jngspwf!po!dibttjdbnnfui pet!jtigpsugpnjp!
pqujnj{bujpo/!Usbejujpobngpsugprjp!pqujnj{bujpolufdiojrvftidbo!tusvhhrf!xjui hbshflebubtfut-!
gbsujdvnbsnz!> i Folui Flgpsugpnjpt!bsFlwbtulboe!sFrvjsflui FigspdFttjoh!pg'dpngrfylebub/Wosjbujpobn!
rvbouvn'!bnhpsjui nt-'tvdi!btiui Flwbsjbujpobnrvbouvn!fjhfotpmfs)WRF*boelui flrvbouvn!
bggspyjnbuf!pgujnj{bujpo!bnhpsjui N!)RBPB*-!bsf!cfijfwFe!up!pygfs!jngspwFnfout!cz!gspdfttjoh!
tbshflebubtfut!npsf!fygjdjFounz!uibo!dibttjdbnbnhpsjui Nt/
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Ui FIWRFjt!bo!bihpsjui Nnlui bulrfwfsbhft!ui Flwbsjbujpobnigsjodjgrf!pg!rvbouvn!nfdibojdtiup!
bggspyjnbufitpmvujpotiuplui Flujnf.joefqgfoefoulTdis+ejohfs!Frvbujpo/UijtiFrvbujpoleftdsjcft!
ui flcFibwjps!pgldpnarfy!rvbouvn!tztufnt-'tvdibt!inprfdvift!psiui FIfifduspojd!dpogjhvsb.
ujpot!pg!nbufsjbrt/!U i FIWRF!Xxbt!psjhjobmz!e fwiipgfelgps! rvbouvn!di fnjtusz!bggnjdbujpot-lcvu!
sFtfbsdi Fst!ibwFlfygnpsfe!bebqujohljulup!sFgsFtfoului Firvbouj{fe!wfstjpo!pg'dfsubjo!dibttjdbn!
gspcrfnt-ljodivejoh!gpsugprjp!pgujnj{bujpo-!cz!sfgpsnvibujoh!ui Fn'bt! 1 bNjupojbo!njojnj{bujpo!
ubtlt/'Ui FIRBPB!jt!bopui fsiwbsjbujpobnbnhpsjui N-'tgfdjgidbmz!e ftjhofe!up!tpmFidibttjdondpn.
cjobupsjbnpqujnj{bujpo!gspcrfnt-ltvdi!bt!gpsugpnp!pqujnj{bujpo/! X ibu!nb IFt!WRBt!gbsujdvibsiz!
dpngfmjohljtiuibului fz!bsfleftjhotelgps! izcsjeldibttjdbiorvbouvn!dpnqgvufst/!Ui firvbouvn!
tvespvujoflgsFgbsftirvbouvn!tubuftiboe!ldpnqvuftiui ! I bnjupojbo! fyqgfdubujpolwbnvft-I< i jif!
ui Fldibttjdbnldpngvufsigfsgpsntiui Flpqujnj{bujpo!gspdftt/

Uijtlizcsjelbggspbdi!nbIft!WRBt!tvjuberflgps! tpmwjoh!dpnagnfylgsperfntiui bulbsFld i bmfFohjoh!
gps'gvstnz!dibttjdbntztufnt-1Ftgfdjbmz!joltvdilepnbjot!bt!gpsugpnp!pqujnj{bujpo/Biuipvhiljuljt!
tujmvodfsubjo!x i fui FsIWRBt!Xjm!pvugfsgpsn!dibttjdbnbnhpsjui nt-lui Figpufoujbnigps!tjhojgjdbou!
jngspwfnfoutljo!gspdfttjohinbttjwflebubtfut!boe!gfsgpsnjoh!pqujnj{bujpolubtit!bu'blgbtufs!
sbufldpvne!pgfolvqglofx!bwFovft!jolgjobodjbnnpefijoh!boe!bobiztjt/

Rvbouvn!Nbdijof!Mfbsojoh

Joluijtitfdujpo-licsjfgizibeesfttiui Finbjo!dibmFohft!rvbouvn!dpnqgvujohlgbdft!jo!foibodjoh!
boe!gpufoujbmz!sfwpnvujpoj{joh!dibttjdbnNMlufdiojrvft/

Ui fligsjnbsz!dibmfohfljo!rvbouvn!nbdijofiifbsojohlupebzinjft!jo!fygFdujwinz! Fodpejoh!dibttjdbn
ebubljoup!rvcjutitpluibului flrvbouvn!dpnqgvufsidbo!gspdfttiui flebub!fygjdjFounz/!'TFfwfsbn nfui.
pet!ibwflcffolefwfipgfeluplgbdjjubufluijt!fodpejoh!gspdftt-Ifobcnoh!rvbouvn!dpngvufstiup!
gfsgpsn!dpnqgvubujpot!po!dibttjdbnebub/

Ixjmijmvtusbufluijt!d ibmFohFixjuilui Fitjngrftu fybnagrf/'TvqqptFizpv! i bwfluxp!dibttjdbniebub!
gpjoutOgpsifybnarf-luxplgptjujwflovncfstOboe!zpv!xboulup!jotfsuluijt!jogpsnbujpoljoup!b!
rvbouvn!dpngvufslup!gspdfttiui fnlvtjohlui flrvbouvn!brhpsjui nlzpv!ibwfleftjhofe/\Ui ftf!
dnbttjdbnlebub!gpjout!nvtulcflusbotgpsnfeljoup!rvbouvn!jogpsnbujpoluibului Flrvbouvn'!dpn.
gvufsidbolvoefstuboe/IQFfsibgtiui Fitjngrftulxbz!up!fodpeflui Ftfldibttjdbrebub!gpjout!joup!b!
rvbouvn!tubufjticzivtjohlui fibohnft!pg!b!tjohnf! rvcju-Iblgspdftt!lopxo!bt!bohrffodpejoh/!
Btlgsfwjpvtizinfoujpofe-b!2. rvcjuthfofsbhmz!sFrvjsFtiuxp!dpngrfylovncfst-Ixijdildpssf.
tgpoetlup!gpvsisthnlovncfst-luplgvmz!tqFdjgz!ju/!Czlui Flgsjodjgrft!pg!rvbouvn!nfdibojdt-!

i pxfwfslui FtflgpvsisFonlovncTstidbo!cTlsfevdfelup!pornzluxp/Ui fitjohrflrvcjuldboluivticf!
sFgsftfoufe!bt!b'wdups!polui fltvsgbdFpglb!vojultq i FsF/!CFdbvtFlui fligptjujpo!pg'boz!gpjou!po!

ui Flitqifsfljtidpnarfufniziefufsnjofelczluxp!bohnft-lui Fib{jnvuibnboe!gpibsibohrft-lui F12. rvcju!
jtlefufsnjofelczlui ftfluxp'bohrft/!Cz!gspqfsizisFtdjohljglofdFttbsz-lui F!psjhjobnluxp!dibttjdbn!
ebub!gpjout!dbolcfifodpefeljolui F12.rvcjulcz!spubujohljulbddpsejohnz/!U i buljt-lui fluxp!ebub!gpjout!
dbo!cf!fodpefeljolui fispubujpolbohnft!pglui F12. rvcju/!Gpsinpsfldpngrfy!tjuvbujpot!xjui!nboz!
npsfldibttjdbriebub!gpjout-lhfofsbnlo. rvcjut'bsflofdfttbsz-lcvului FigsjodjgrfisFnbjotiui Fitbnf/!
Ui fistbrld i bmFohfhjftljo!jngrfnfoujohlui Ftfjefbt!jo!sFhn. xpsieltdFobsjpt/

Jolrvbouvn!NM-Itfwfsbilbrhpsjui ntlibwflcffolefwipgfelup'tgffelvginfbsojohlubtlt!cz!gsp.
dfttjohwbtulbnpvout!pglebub!npsf!fggjdjfounz!uibo!dibttjdbntztufnt/!Uiftflbnhpsjui nt!dbo!cf!
bqgarjfelup!bwbsjfuz!pg!NM!gspcrfnt-Ishohjohlgspn!dibttjgjdbujpo!boe!sFhsFttjpolup!divtufsjoh!
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boe!pqujnj{bujpo/lolui fidpoufyu!pglgjobodf-Irvbouvn!NM! i pretiui figpufoujbrlup!jngspwfigjobodjbn!
bgarjdbujpot-btlejtdvttfe!fbsijfy

Opuflutbu!NMjtiblufdioprphziuibulxbt!ponz!sfdfounz!jodpsgpsbufeljoup!ui Fligjobodjbn tFdups!boe!
rvbouvn!NM|jtitujmjolui Fifbsizitubhft!pg!sFtfbsdi/!Bt!rvbouvn!ufdiopiphz!gsphsfttft-lrvbo.
uvn!bnhpsjui Nnt!bsfifygfdufelup!cfdpnfljodsfbtjohnz!dbgberfipg! i boenjoh!npsfldpngrfylebub!
boe!gspwjejoh!tvctuboujbnibewboubhft!pwfsidibttjdbnbqqgspbdi ft/

Quantum Cryptography

Btinfoujpofe!gsfwjpvtiz-rvbouvn!dpnqgvujohljtinvdi!npsfluibolui Fibddfrfsbujpo!pg'dpnqgvub.
ujpobmz!fygfotjwflgspcrfnt/lulbrtp!fodpngbttftitfdvsfidpnnvojdbujpo/

Ui fljttvFljtiuibultvggjdjFounz!gpxTsgvilrvbouvn!dpnqvufst!dpvrelcstb lui FldvssFou! Fodszqujpo!
nfuipetlivtfelczinptulgvendjotujuvujpot!boe!gsjwbuf!pshboj{bujpot-!qpufoujbmz!hbjojoh!bdd ftt!
up!tfotjujwflebub-ltvdi!bt!njrubsz!boelgjobodjbnjogpsnbujpo/Ui fluisfbulgptfe!cz!rvbouvn!
dpngvufstljtiblsthnjuz!luibulhpwfsonfout'boelgjobodjbnjotujuvujpot!bsflubljohiwFsz!tfsjpvtnz/!
Blejtdvttjpo!pglui fFtFldpodfqutigpmpxt/

Bo!fodszqujpo!tuboebseljtiblnfui pe!lvtfeluplusbhotgpsn!jogpsnbujpoljoup!blgpsniui buljtiopu!
fhtjiz!stibufe!up!ui Flpsjhjobi/!U i Flpsjhjobnlgpsn!jtisfgfssFelup!bt!gubjoufyu-lboelui Flusbotgpsnfe!
wstjpoljt'lopxo!bt!djqi fsufyu/!Nptuldpoufnqgpsbsz!ejhjubn fodszqujpo!tuboebset!bsflchtfe!
po!nbuifnbujdbngsperfntiuibulbsflejggjdviulgpsidibttjdbndpngvufstiup!tpmwf/!Rvbouvn!brhp.
sjul nt-lipxfwfs!ibwFlui Figpufoujbnlup! tpmwfltpn Fipglu i FtFligsperfnt!fgjdjfounz/!Gps!fybnagnf-!
STB-Ixjefnzivtfelup!tfdvsflejhjubnebub!pwfsiui fljoufsofu-Istjft!polui Flejgjdviuz!pgjoufhfsighd.
upsj{bujpo-boe!FDD!)fmjqujd!dvswfldszquphsbqiz*jticbtfe!polui flejtdsfufinphbsjui n!gspcrfn/!
Ui fldpodfsoljtiuibu!T i psit'brhpsjui n-b!lrvbouvn!brhpsjui n-ldbo!FogjdjFounz!tpmwFlcpui!pglui Ftf!
gsperfnt/!Podfitvyjdjfounzhbshflrvbouvn!dpngvufsticFdpnflowbjibcrfFOgpufoujbmz!jolui !
ofyul6621!zfbstOui Ftflfodszqujpo!tztuFnt!dpwvie!cFlcspIfoljolblsfibujwiiz!ti psulgfsjpe!pgiujn /!
Ui ftfluxp!fybnagrftisfgsftfoultpnfipgui Finptulwviofsberfltuboebset!jolui Flrvbouvn!fsb/!
lolsFtgpotf-lhpwFson fout!xpsiexjeflbsFlFfobdujohlibxtiup!tFdvsFtFotjujwFlebub/

Qptu.rvbouvn!dszquphsbqiz!)QRD*pggfst!pofigpufoujbn tpmvujpo/liuljowpmTtiui Flefwfipgnfou!
boe-ljodsfbtjohnz-lui Fljngrfnfoubujpo!pg!b!tfulpg Fodszqujpo!nfuipeticbtfe!po!nbuifrnbujdbn
gspcrfntleftjhofelup!lsfnbjo!tfdvsfibhbjotulcpui!dibttjdondpnqgvufstiboe-INnpsfjnqpsubourz-!
rvbouvn!bihpsjui ntlsvoojoh!polrvbouvn!dpngvufst/IUi ftflbihpsjui ntibsflicbtfe!po!nbuif.
nbujdbnigsperfntiuibulbsflopu! lopxolup!cFifygjdjFounz!tpmbenflcz!rvbouvn!brhpsjui nt-tvdi!
bt!Tipsit'boe!HspwFsit/!Fybngrft!pgltvdilgsperfntjodive fibuujdFlgsperfnt-inviujwbsjbuf!gpnz.
opnjbrt-ldpef.chtfeltdifnft-lboe!ibti.cbtfe!tjhobuvsft/olui FI\VVojufe!Tubuft-lui F!Obujpobn!
JotujuvuFlpg! Tuboebset!boe!UFdiopnphz!)OJTUjt!dvssFounz!jo!ui FlgspdFtt!pgltuboebsej{joh!tfwfsbn!
QRD!brhpsjui ntlup!fjui fs'tvqgrfnfou!psldpnagrfufiz!sfarbd FI Fyjtujohldszquphsbqijd! tztufnt/!
OJTUlibtlefufsnjofeluibulcz!3141-IVTlgFefsbhilbhfodjft!tipvrelusFbuldvssfoultuboebse!fodszqujpo!
nfuipetibtiwofsbenf-lboelcz!3146-ui fFtFinfuipetibsfifygfdufelup!cflgibtfe!pvu/!VTIgjobo.
djbnljotujuvujpot-!i pxfwfs!ibwFlopulzfulftubcrjti felblujnfjoflgpslusbotjujpojohlup!gptu. rvbouvin!
dszquphsbqiz/

Rvbouvn!lfzlejtusjcvujpo!) RLE*jtIsFhbsefelbt!pof!pglui Finptu!tFdvsFlfodszqujpo!nfuipet!
cfdbvtfjulshjftlopu!poldpnarfy!nbui fnbujdbngspcrfnt!cvulpolui Fligvoebnfoubnitbx<t!pg!
qiztjdt/Nogpsnbujpo!fydibohf!jtigspufdufe!cz!gsjodjgrft!pg!rvbouvn!nfdibojdtOnptulopubciz-!
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uiflop.dipojohlui fpsfn!boelui FighduluibulnfbtvsFnfouljoi fsfouwz!ejtuvsctiui fltztufn!ctjoh!
pctfswfe/!Buipvhi!RLE!gspwjeftituspohlui fpsfujdbontfdvsjuz-ljut!gsbdujdbnjngrfnfoubujpo!jt!
dvssfounz!dpotusbjofelcz!ijhildptut-lui floffelgps'tgfdjbn{fe!ibsexbsf-lboe!ejtubodfijnjubujpot/!
Btb!sFtviu-'RLE!jtIcFtultvjufelgpslojdi FibgqgrjdbujpotOtvdilbt!hpwFsonfoulps!ijhi.tfdvsjuz!
gjobodjbntfdupstOuibuldbo!tvaqpsulefejdbufeljogsbtusvduvst/

Usbotjujpojoh!up!blgvmz! rvbouvin . tbgfljogsbtusvduvsFOgbsujdvnbsiz!gps!tvd i ljotujuvujpotibticho 1tO
jtidptunz!boe!nbzlubIfiNboz!zfbstlup!dpngrfuf/!Upljojujbufluijtiusbotjujpo-fyqfsut!sFdpninfoe!
bepqujoh!izcsjeldszquptztufntiuibuldpncjoflusbejujpobn)dibttjdbr!fodszqujpo!brhpsjui Nt-!
xijdi!bsFirfFtt! fygfotjwflboelgbtufsiup!jngrfFnfou-Ixjuilrvbouvn.sftjtuboulbrthpsjui Nntiuibulnbz!
sfrvjsflofxluzgft!pglufdiopnphz!boeljogsbtusvduvsF/IUijtidpncjobujpo!pggfstigspufdujpo!bhbjotu!
cpui!dibttjdbniboe!gpufoujbnigvuvsTrvbouvin!buubd I t'boeljt!Ftgfdjbmz!wonvberflevsjoh!ui flusbot;.
ujpolqibtf/

Conclusion

Rvbouvn!dpnqvujoh!jtiblufdiopnphz!tujmjolui FisFtFbsdi!qibtf-bxbjujoh!xjeftqgsfbe!bepqujpo/!
Bmui pvhiljut!gsbdujdbnbewboubhft!sFfnbjolijnjufe!lbuluijtiujnf-ljuli pretiui FligspnjtFlpg!jngspw.
johlui finptuldpngvubujpobmz!efnboejoh!dbrdvibujpot!joltvdiljoevtusjFtibt!qibsnbdfvujdbnt-!
nphjtujdt-lboelgjobodf/lJolui FldbtF!pglgjobodF-ljuldpvie! i figljolui FlgspdFtt!pg!gpsugpnp!pqujnj.
{bujpo-Ibtixfmbt!jolnboz!tfswjdftidvssfourz!ubd Infelcz!NMlufdiojrvit/'Bopui fs!bdujwF!bsfb!pg!
sftfbsdiljolui flgjobodfldpnnvojuz!jtirvbouvn.foibodfe!Npouf!Dbsnp!tjnvibujpo/!'Vonj IfIxjui!
wbsjbujpobnlrvbouvn!bmhpsjui nt'boe!rvbouvn!NM-lui fsfljtinbui Ffnbujdbn fwjefodFluibului !
rvbouvn!wfstjpo!pgldibttjdbnNpouf!Dbsipldbo!foibodf!gbsut!pglui figspdftt/IDibmFfohft!gfstjtu-!
1 px<fwfs;!Opjtf!tujmbggfdut! rvbouvn!tztufnt-lboe!lfsspst!sfnbjo!tjhojgidbou/

Rvbouvn!dpnqvubujpo!boe!rvbouvn!dpnnvojdbujpo!bsflbdujwlbsFbt!pg'sFtfbsdi-lopulponz!jo!
1bsexbsf!boe!tpguxbsficvulbntpljo!sthn. xpsielbggnjdbujpot/Ui fidpnjoh!zfbst!xjmcsjoh!npsf!
gpxTfsgvilrvbouvn!ibsexbsflboe!b!hspxjohljoufsftuljo!bqgrdbujpotitvdi!btiui ptfljolgjobodf/!
Ui flgvuvsTljtidfsubjonz!fydjujohlgps!rvbouvn!dpngvujoh!boe!jut!sprfljo!ui Flgjobodjbn t Fdupy
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ETHICAL Al IN FINANCE

Boob!Nbsujsptzbo
Tusbufhz!boe!Usbotbdujpot!Nbobhfs!FZ!Qbsui fopo

Introduction

Stdfoulufdiopnphjdbnigsphsfttiboe!hsfbufs!idpngvubujpobnigpxfs! i bwf!tjhojgjdbounz!cpptufe!

ui Flbepqujpo!pglbsujgjdjbnljoufmjhfodf!)BJ*lcz!gjobodjbnjotujuvujpotiboe!sfhwvibupst/!Blle fijwfst!
ovnfspvt!cfofgjut-ljodnvejoh!tusFbnnjofe!pqfsbujpot-ljngspwfe!sfhvibupsz!be i fsFodf-lubjnpsfe!
gjobodjbntpnvujpot-boelbewbodfelebublbobnztjt/!Ui fljouspevdujpo!pgthfofshbujwf!Bl)HfoBl*boe!
tbshfhbohvbhflnpefit!ibtgvsui fslcspbefofeljut'sbohf!pglbqgndbujpot/

Bllibt!tjhojgjdbounz!t i bgfelgjobodjbnnbsIfut-ljngspwjoh!fygjdjFodz-!sfuvsot-lboe!bobizujdbn!
dbgbcjnjujft/!Hfofsbujwf!BiinbsItlui fitbuftulbewbodfn fou-lesjwjoh!gspevdujwjuzluispvhi'bvupnb.
ujpo!boel!foibodjoh!tvdi!bdujwjujft!btlusbejoh!boelebublbobiztjt/!Dpngbojftiuibuljowftu! i Fowjz!jo!
BlIfygfsjfodf!tjhojgjdboulhspxui-Ixjui!sFtfbsdi!tipxjohluibulb!pof!tuboebselefwjbujpoljodsFbtf!
jo!Blljowftuntouljtibttpdjbufe!Xjui!b!2 /6 &!sjtfjoltonft-1bo!29/2&ljodsTbtfljo! FnagipznTou-boe!
b!33/4&!cpptuljo!nbslfulwbnvFlipwTsifihiulzfbst/!U i FtFlusFoet!bsFldpotjtufounz!pctfswielbdsptt!
tvdiljoevtusjFtibtinbovgbduvsjoh-lgjobodf-boe!sfubji)Cbcjob-IGFezl-! 1 f-Iboe! I petpo!3135*/

JowFtunfoulgspgfttjpobrt!i fhwjrzlvtfinbdijofirfbsojohlupprt!gps!nbobhjoh!jowftunfoul
gspdfttft-lcfofgjujohlgspn!jodstbtfe!fyjdjfodz-Ibvupnbujpo-lujnfizljotjhiut-lboe!foibodfelsjtl!
nbobhfnfou/'Buipvhi!ponz!3: &!pgltztufnbujdjowftupst!dvssFounz!vtfIBlluplefwiipg!boeluftu!
jowFtunfoultusbufhjft-InpsfluiboluisFT. rvbsufstiboujdjgbuflepjoh!tpljolui FligvuvsF/IBlldpoujo.
vTtlup!stwprvujpoj{flui figjobodjbnjoevtusz!cz!Fyufoejohldbgbciijujft!jolebubl!bobnztjt-lgsfejdujwt!
npefijoh-boe!bvupnbujpo-fobcerjohlui fisbgje!gspdFttjoh!pgwbtulebubtfut))DGBYotujuvuf!3135*%/

Nbdijofinfbsojoh!boelibshfibohvbhf!npefit!'fobenflcfuufsigsjdflejtdpwisz!boelpxfs!chssjfst!
gps!rvboujubujwfljowFtupst-lgpufoujbmz!jngspwjohijrvjejuz!cvulshjtjohlgjobodjbn tubcjijuz!dpodfsot/!
Eftqjufigsphsftt-lgvmz!bvupopnpvt!Bl.esjwfolgjobodjbrbhfout!sfnbjohjnjufe!bt!dpodfsot!
gfstjtulbcpvulPcibdl!cpyp!tusbufhjftiboelsthvibupsz-1fuijdbr-lboehjbcjrjuz!jttvft!)Besjbo!3135*/

B pvhi!BllesjwFtibewbodfnfout!jolgsbvelefufdujpo-ldsfejulsjtl!bttFttnfou-boe!brhpsjui Njd!
usbejoh-!ljulbrtp!gsFtfout!dsjujdbnfui jdbnd i bmFohFtisFhbsejoh!cjbt-lusbotgbsfodz'boe!
bddpvoubcjnjuzluibulnvtu!lcflbeesfttfelup!fotvstisFtgpotjcrflboe! fFrvjubcrfljngrfnfoubujpo/

Uijtidibqufs!fyqgrpsFtiui fjoufstfdujpo!pginbdijofirfbsojohlboelgjobodfluispvhilui firfot!
pg'fuijdbnBlldpotjefsbujpot/Vixjm Fybnjof fuijdbndibmFohft-IsFhvibupsz!gsbnfxpslt-lboe!
Njujhbujpo!tusbufhjft!xijrflfnqibtj{joh!bei fsfodFlup!fuijdbnopsntiup!bdijfwfltvtubjobcrf!
pvudpnft/lUifidibqufsidpodiveft!xjuilbdujpobcrflsfdpnnfoebujpotiup'hvjeflui FisFtgpotjcrf!
jngrfnToubujpo!pg!Blljolgjobodf/

Understanding Ethical Al

FuijdbnBllsFgfstiuplui FisFtgpotjcrflefwfipgnfoulboelefampznfou!pg!BiltztuFnt!chtfe!po!
gpvoebujpobrlgsjodjgrft-1tvdi'btlusbotgbsfodz-ghjsoftt-'bddpvoubciijuz-lgsjwbdz-loponbrfgjd Fod f-!
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boelkvtujdf!)Kpcjo-Ufodb-boeWbzfob!312:*/\Ui ftflgsjodjgrftibjn!up!hvjefiBllefwiipgn fouljo!b!
xbz!uibulbnjhot!xjui l'tpdjfubniwonvFtiboe!njojnj{ft!ibsn/! I pxfwfs!ui fjsljoufsqsfubujpo-'tdpgf-!
boeljngrfnfoubujpo!wbsz!tjhojgjdbourz!bdspttidviuvsFt-lepnbjot-boeltublFiprefst/UijtlejwFstjuz!
ofdfttjubuftibldsptt.dviuvsbnibggspbdilup!BifuijdtiuibulsFgrfdutiui Flgnvsbnjuz!pg'hnpcbngfstgfd.
ujwFt!)Hpggj!'3134*/

Lfz!FuijdbnGsbnfxpslt

Bllfuijdtigsbnxpsltibsfltusvduvsfeltfut!pglgsjodjgrftieftjhofelup!fotvsflgbjsoftt-lushotgbsfodz-!
boe!bddpvoubcinjuz!jo!Blltztufnt/! Xjuilui Fisbgje!hspxui!pg'Blbepqujpo-Ifyqgfdufelup!jodsfbtfibu!
bldpngpvoelboovbrhspxui!sbuf!pg!pwfs!48&!uispvhi!3141)Hsboe!WjFx!SFtfbsdi!3135*ui ftf!
gsbhnfxpsltibsFifFttfoujbnup!njujhbujoh!sjtitiboelgptufsjohlusvtu/

Uistflgspnjofoulgsbnfxpsltiibwflcffoljouspevdfe!cziui flotujuvuf!pgFrfdusjdbnboe!Frfduspojdt!
Fohjoffst!)FFF*-lui fIFV-lboelui f!PFDE;

o JFFFIt'Fuijdbn'BliGsbnTxpsl;!Gpdvtft!po!fncfeejoh!ivnbo!wbnvft!joup!Blleftjho!boe!
gptufsjoh!bddpvoubciijuz!boelusbotgbsfodz!)Qfufst-Wpne-!Spcjotpo-boe!Dbwp!3131*

o UifIFV!BIIBdy;!Blsjtl.cbtfe!sFhvibupsz!gsbnfxpsliuibuldbufhpsi{ft!BiltztuFnt!cz!sjtlrfwfi-!
jngptjoh!tusjdufs!sFrvjsfnfout!po!ijhi.sjtl!bgagrjdbujpotiup!FotvsFltbgfuz-lusbotgbsfodz'boe!
bnjhonfoulXjui!ivnbolsjhiut?

o UifIPFDE!BJQsjodjgnft;!Dfoufs!polgspnpujohlusvtuxpsuiz!Bllcz!beesfttjohljodvtjwjuz-!
ghjsoftt-lusbotgbsfodz-lboe!thgfuz!xijflfotvsjoh!tpdjfubncfofgjud

Ui ftflgsbnfxpslt'tibsfldpnnpo!hpbrt!xijiflbeesfttjoh!ejggfFsFoulgsjpsjujft-ltvdilbt!sjtl!
Njujhbujpo-Isfhvibupsz!dpnagnjbodf-Iboe!tpdjfubnbrijhonfou/'VOFTDPIgvsui fsltvqgpsutiui Ftf!
Fggpsutluispvhiljut!HnpcbnBl!Fui jdt!boe!Hpwfsobod P ctfswbupsz-Ixijdilgptufst!joufsobujpobn!
dppgfsbujpo-lgspwjeFtisFtpvsdFt-lboe!qgspnpuft!fuijdonBllgsbdujdft!hnpcbmz!)VOFTDP!3135%/

FuijdbnEjrfnnbt!jo!BJ

Eftqjuflul Ftffogpsut-Ifui jdbnd i bmFohft!gfstjtuljo!Blit!bggnjdbujpo/Lfz!dpodfsot!jodiveflui !
gpmpxjoh;

o/ Cjbt;IUFdiojdbnboe!ivnbolcjbtftibsjtFlgspn!tvdi!jttvftibtiebublefgjdjfodjft-lefnphsbqgijd!
ipnphfofjuz-'tqvsjpvt!dpsstibujpot-boeldphojujwficjbtft/!Ui FtficjbtFt!dbonfbelup!
ejtdsjnjobupsz!pvudpnft-lgbsujdvibsiz!joltFotjujwFlepnbjot-ltvdi!bt'bvejujoh!boelijsjoh!
)Nvsjlbi-!Oui fohf-lboe!Nvtzplb!3135*/

o' Qsjwhdz;'Bl'tztufnt!pgufolsfiz!pobshflebubtfut-'sbjtjoh!dpodfsot!bcpvul i px!gfstpobilebub!
bsfldpmfdufe-Itupsfe-lboelvtfe/

o sbotgbsfodz;!Nboz!Blltztufnt-'fFtgfdjbmz!lui ptFlqpxFsfelcz!effghhfbsojoh-lgvodujpolbt!
Pcibd llcpyftp!nbljohlui fislefdjtjpo. Nnbljoh!gspdfttftiejggjdviulup!joufsqsfulps!Fyqrbjo/

2U i Fhbuftulefubjrt!polui FIFV!Bsujgjdjbnioufmjhfod FIBduldbo!cFlgpvoe!porjof!bu! i uugt;00bsujgjdjbnjoufimjh fodFhdu/fv0/
3Gvsui fslefubjrt!bsflpolui FIPFDE!xfctjuflbul>xxx/pfde/psh0folupqjdtotvc.jttvTtobj.qgsjodjgrft/iunm/
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Fuijdbn!Blljo!Gjobodf

Cz!bnjhojoh!hnpcbnfygpsut!boelgptufsjoh!joufsobujpobnidpmbcpsbujpo-lui FlgvuvsFipg!Blldbo!cflcpui!
joopwbujwFiboe!fuijdbmz!sFtgpotjcrf-1fotvsjohljut!cfofgjut!bsFIFrvjubcnz!ejtusjcvufe!bdsptt!
tpdjfujft/

Applications of Al in Finance

Bsujgjdjbn'joufmjhfodFljt!isfwpnvujpoj{joh!ui flgjobodjbntFswjdFt!tFdups!pggfsjohlusbotgpsnbujwf!
bqagndbujpot!jolgsbvelefufdujpo-!sjitl!nbobhfinfou-lbrthpsjui Njdlusbejoh-boeldsfejultdpsjoh/!Cz!
vtjohlbewbodfelufdiojrvftitvdilbtinbdijofiifbsojoh!)NM*-leffqginfbsojoh!) EM*-Iboelobuvshr!
tbohvbhflgspdfttjoh-lgjobodjbnjotujuvujpot!bsFifoibodjoh!ui fjsldbgbcjnjujftiup!efufdulbop ninjft-!
Njujhbufisjtlt-'boe!pqujnj{flefdjtjpo.Nbljoh!gspdfttft/IEFtqjufjut!gpufoujbr-! i pxfwfs!Blit!
bepqujpo!jolgjobodflghdFt!d i bmFohft-!jodivejoh!dpodfsot!bspvoelebub! rvbnjuz-'npeflusbotgbs.
fodz-'boe!sFhvibupsz!dpnarjbodf!)Qbuuzbn!312:*/

Gshvelefufdujpo!ibt!fnfshfe!bt!pof!pglui Finptujngbdugviibggnjdbujpot!pg!Blljolgjobodf/!Bllibt!
cffoltipxolup!jngspwflbvejulfygjdjfodz-'Nnjojnj{flgjobodjbnpttft-boe!cprtufsitub 1 i prefsiusvtu!
)Lbnvbohv!3135*/!Brhpsjui nt!tvdi!btishoepn!gpsftulbsfigbsujdvabsiz!FggFdujwF!bulje Foujgzjoh!
gsbvevrfoulusbotbdujpot!xjui!ijhilgsfdjtjpo-btlopufe!cz!Mjo!)3135*/!Ui ftflbewbodfFnfout!opu!
ponz!foibodfltfdvsjuz!cvulbrtp!Fobcenflgjobodjbrljotujuvujpotiup!gspbdujwfiz!tbgFhvbse!ui fis!pgfs.
bujpot!bhbjotulgjobodjbnldsjinft/!Up!beesftt!dpodfsot!bcpvului Fipgbrvflobuvsf!pg!Blltztufnt-!
fygibjoberf!BI)YBI*ufdiojrvft-'tvdi!bt!gFbuvsFljngpsubodfibobiztjt!boe!MINFYpdbnljoufsgsfub.
crflnpefi.bhoptujd! fygibobujpot*-!ibwFlcFFolvtfe!)Hbzbn!3132*/'Ui fFtflbqqgspbdi ftlefnztujgz!
Blitlefdjtjpo.nbljoh!gspdfttft-lgptufsjoh!hsfbufsiusvtuljo!jut!bqqndbujpot/

Sjtl'nbobhfnfouljtibopui fsibsthixi fsFIBllibt!tipxolsFnbslberflgspnjtf/ Xjuilui Fibcjjuziup!
bobnz{flwbtu'ebubtfut!jo!sFbnlujnf-!BlltztufFnt!dbol!jefoujgz! Fnfshjohluisfbut!boe!bebqulup!ofx!
dibmfohft/Kbwbje!)3135*Fnqibtj{fe!lui flusbotgpsnbujwFlgpufoujbn pg'Blljo!sFdphoj{joh!gbuufsot-!
efufdujoh!bopnbnjft-lboe!sftgpoejohlup!sjtltlezobnjdbmz/\Ui jt!bebqubcjrjuz!opu!ponz!sfevdft!
gjobodjbnisjtlt!cvulbrtp!tusfohui fot!'dpotvnfslusvtu-lviujnbufiz!Foibodjoh!lui FisFtjjFodf!pg!
gjobodjbnfdptztufnt/

Jolui FlsFhnn!pg!brhpsjui Njdlusbejoh-!BlljtisFtibgjoh!nbslfulezobnjdt!cz!gspdfttjoh!fyufotjwf!
ebub!boe!fyfdvujohlusbeft!bulvogbsbmfife!tgffe!boe!bddvsbdz/!Dpifo!)3133*ijhinjhiufe!ipx!
NM!boe!EMlufdiojrvftidbolvodpwfs!ijeefoldpsstibujpot!boelgsfejdu!nbslfulusfoet-bmpxjoh!
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