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tjhobmt!boe!dmbttjgjft!sfhjnft!jo!bo!fdpopnjdbmmz!jouvjujwf!xbz/!Jo!uifjs!gsbnfxpsl-!hsbqi!dpn.
qpofout!bsf!dpnqptfe!pg!wfdupst-!xjui!fbdi!wfdups!dpotjtujoh!pg!sftqfdujwf!wbmvft!gps!hspxui-!
jogmbujpo-!boe!mfwfsbhf!gbdupst/

Ijfsbsdijdbm!dmvtufsjoh!dsfbuft!b!usff.mjlf!tusvduvsf!pg!dmvtufst!cz!nfshjoh!tnbmmfs!dmvtufst!
joup!mbshfs!poft!)bhhmpnfsbujwf*!ps!cz!tqmjuujoh!mbshfs!dmvtufst!joup!tnbmmfs!poft!)ejwjtjwf*/!

Gjhvsf!2/!Bmhpsjuin;!l.Nfbot!Dmvtufsjoh
Joqvu;!Ebubtfu!Y!xjui!o!qpjout-!ovncfs!pg!dmvtufst!l-!nbyjnvn!jufsbujpot

Pvuqvu;!Dmvtufs!bttjhonfout!boe!dfouspjet

Cfhjo;

1.	 Initialize k centroids randomly:!μ2-!μ3-!ƪ -!μl

2.	 For iteration = 1 to max iterations:

a.	 Gps!fbdi!ebub!qpjou!yj!jo!Y;

	● Dbmdvmbuf!ejtubodf!up!fbdi!dfouspje;!e)yj-!μk*!gps!k!>!2!up!l

	● Bttjho!yj!up!dmptftu!dfouspje;!dj!>!bshnjok!e)yj-!μk*

b.	 Gps!fbdi!dmvtufs!k!>!2!up!l;

	● Vqebuf!dfouspje;!μk!>!nfbo!pg!bmm!qpjout!bttjhofe!up!dmvtufs!k

c.	 Jg!dfouspjet!ibwf!opu!dibohfe!tjhojgjdboumz;

	● Csfbl!)dpowfshfodf!bdijfwfe*

3.	 Output:!Dmvtufs!bttjhonfout!boe!gjobm!dfouspjet!)tff!Exhibit 1*
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Fyijcju!2/!Dmvtufsjoh!Pvuqvu!)l.nfbot*

21/1

8/6

6/1

3/6

1/1Fe
at

ur
e 

2

Ɵ8/6

Ɵ9 Ɵ7 Ɵ5 Ɵ3
Feature 1

1 3 5 7

Ɵ6/1

Ɵ3/6

Dmvtufs!2 Dmvtufs!3 Dmvtufs!4 Dfouspjet

Tpvsdf;!Bmm!tzouifujd!ebub!dsfbufe!cz!bvuips/

Gjhvsf!3/!Bmhpsjuin;!Tqfdusbm!Dmvtufsjoh
1.	 Construct similarity matrix W:

	● Gps!fbdi!qbjs!)j-!k*;!W\j-!k^!>!fyq\ƹ}}yj!ƹ!yk}}30)3σ3*^

2.	 Compute degree matrix D:

	● D\j-!j^!>!ΣkW\j-!k^-!D\j-!k^!>!1!gps!j!ƾ!k

3.	 Compute normalized Laplacian:

	● Mopsn!>!D)ƹ203*!Ø!)D!ƹ!W*!Ø!D)ƹ203*

4.	 Find k smallest eigenvectors of L:!w2-!w3-!ƪ -!wl

5.	 Form matrix V!>!\w2-!w3-!ƪ -!wl^!)o!Ø!l!nbusjy*

6.	 Normalize rows of V to unit length

7.	 Apply k-means clustering to rows of V

8.	 Output:!Dmvtufs!bttjhonfout
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Bhhmpnfsbujwf!dmvtufsjoh!jt!npsf!dpnnpo!boe!xpslt!Ƥcpuupn!vqƥ!cz!jojujbmmz!usfbujoh!fbdi!
ebub!qpjou!bt!b!tfqbsbuf!dmvtufs!boe!uifo!jufsbujwfmz!nfshjoh!uif!dmptftu!qbjs!pg!dmvtufst!voujm!
bmm!qpjout!cfmpoh!up!b!tjohmf!dmvtufs!ps!b!eftjsfe!ovncfs!pg!dmvtufst!jt!sfbdife!)tff!Figure 3*/!

Fyijcju!3/!Ijfsbsdijdbm!Dmvtufsjoh!Efoesphsbn
71

61

51

41

D
is

ta
nc

e

21

1

31

Opuf;!Ejggfsfou!dpmpst!sfqsftfou!ejggfsfou!dmvtufst!bu!ejggfsfou!ejtubodf!dvupggt/

Gjhvsf!4/!Bhhmpnfsbujwf!Dmvtufsjoh!Bmhpsjuin
1.	 Initialize:!Fbdi!qpjou!bt!jut!pxo!dmvtufs!D!>!||y2~-!|y3~-!ƪ -!|yo~~

2.	 Compute distance matrix D between all pairs of points

3.	 While |C| > 1:

a.	 Gjoe!dmptftu!qbjs!pg!dmvtufst!)Dj-!Dk*!vtjoh!mjolbhf!nfuipe;

	● Tjohmf;!njo|e)y-!z*!;!y!∈!Dj-!z!∈!Dk~

	● Dpnqmfuf;!nby|e)y-!z*!;!y!∈!Dj-!z!∈!Dk~

	● Bwfsbhf;!nfbo|e)y-!z*!;!y!∈!Dj-!z!∈!Dk~

b.	 Nfshf!Dj!boe!Dk!joup!ofx!dmvtufs!Dl!>!Dj!∪!Dk

c.	 Vqebuf!D!cz!sfnpwjoh!)Dj-!Dk*!boe!beejoh!Dl

d.	 Vqebuf!ejtubodf!nbusjy!D!gps!ofx!dmvtufs!Dl

e.	 Sfdpse!nfshf!jo!efoesphsbn

4.	 Output:!Efoesphsbn!tusvduvsf!)Exhibit 2*
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Uif!bmhpsjuin!sfrvjsft!b!ejtubodf!nfusjd!cfuxffo!ebub!qpjout!bt!xfmm!bt!b!mjolbhf!dsjufsjpo!up!
nfbtvsf!ejtubodft!cfuxffo!dmvtufstƠgps!fybnqmf-!tjohmf!mjolbhf!)njojnvn!ejtubodf*-!dpnqmfuf!
mjolbhf!)nbyjnvn!ejtubodf*-!bwfsbhf!mjolbhf!)bwfsbhf!ejtubodf*-!ps!Xbse!mjolbhf!)njojnj{ft!
xjuijo.dmvtufs!wbsjbodf*/

B!xfmm.lopxo!jowftunfou!bqqmjdbujpo!pg!ijfsbsdijdbm!dmvtufsjoh!jt!Ijfsbsdijdbm!Sjtl!Qbsjuz!)ISQ*-!
jouspevdfe!cz!Môqf{!ef!Qsbep!)3127*/!ISQ!vtft!ijfsbsdijdbm!dmvtufsjoh!up!jogfs!sfmbujpotijqt!
cfuxffo!bttfut-!xijdi!bsf!uifo!vtfe!ejsfdumz!gps!qpsugpmjp!ejwfstjgjdbujpo-!beesfttjoh!uisff!
nbkps!dpodfsot!pg!rvbesbujd!pqujnj{fst;!jotubcjmjuz-!dpodfousbujpo-!boe!voefsqfsgpsnbodf/!Uif!
bqqspbdi!efqbsut!gspn!dmbttjdbm!nfboƟwbsjbodf!pqujnj{bujpo!cz!vtjoh!b!uisff.tufq!qspdftt!uibu!
pshboj{ft!bttfut!joup!ijfsbsdijdbm!dmvtufst!cbtfe!po!uifjs!dpssfmbujpo!tusvduvsf-!sfpshboj{ft!uif!
dpssfmbujpo!nbusjy!bddpsejoh!up!uijt!usff!tusvduvsf-!boe!uifo!bmmpdbuft!dbqjubm!sfdvstjwfmz!uispvhi!
uif!ijfsbsdiz!vtjoh!jowfstf!wbsjbodf!xfjhiujoh!xjuijo!fbdi!dmvtufs/

Bopuifs!qspnjofou!ufdiojrvf!jt!ECTDBO!)efotjuz.cbtfe!tqbujbm!dmvtufsjoh!pg!bqqmjdbujpot!xjui!
opjtf*-!b!efotjuz.cbtfe!dmvtufsjoh!bmhpsjuin!uibu!hspvqt!uphfuifs!qpjout!jo!ijhi.efotjuz!bsfbt!
xijmf!nbsljoh!qpjout!jo!mpx.efotjuz!sfhjpot!bt!opjtf!ps!pvumjfst-!nbljoh!ju!qbsujdvmbsmz!fggfdujwf!
gps!ejtdpwfsjoh!dmvtufst!pg!bscjusbsz!tibqft!boe!tj{ft!)Ftufs-!Lsjfhfm-!Tboefs-!boe!Yv!2::7*/!Uif!
bmhpsjuin!sfrvjsft!uxp!qbsbnfufst;!fqtjmpo!)ε*-!xijdi!efgjoft!uif!ofjhicpsippe!sbejvt-!boe!
njojnvn!qpjout!)NjoQut*-!sfrvjsfe!up!gpsn!b!efotf!sfhjpo/!Dpsf!qpjout!ibwf!bu!mfbtu!NjoQut!
ofjhicpst!xjuijo!ε!ejtubodf-!cpsefs!qpjout!xjuijo!ε!ejtubodf!pg!dpsf!qpjout-!boe!opjtf!qpjout!
opu!nffujoh!fjuifs!dsjufsjpo/!Jo!dpousbtu!up!l.nfbot-!ECTDBO!epft!opu!sfrvjsf!bewbodf!tqfd.
jgjdbujpo!pg!uif!ovncfs!pg!dmvtufst!boe!dbo!jefoujgz!dmvtufst!xjui!jssfhvmbs!tibqft-!nbljoh!ju!
spcvtu!bhbjotu!pvumjfst!boe!opjtf/!Jo!gjobodjbm!bqqmjdbujpot-!ECTDBO!fydfmt!bu!gsbve!efufdujpo!
cz!jefoujgzjoh!vovtvbm!usbotbdujpo!qbuufsot-!nbslfu!bopnbmz!efufdujpo-!boe!dvtupnfs!cfibwjps!
bobmztjt!xifsf!opsnbm!dmvtufsjoh!bmhpsjuint!njhiu!gbjm!cfdbvtf!pg!uif!qsftfodf!pg!pvumjfst!ps!
opotqifsjdbm!dmvtufs!tibqft!uibu!bsf!dpnnpo!jo!gjobodjbm!ebub!ejtusjcvujpot/

Bo!fyufotjpo!pg!ECTDBO!jt!PQUJDT!)psefsjoh!qpjout!up!jefoujgz!uif!dmvtufsjoh!tusvduvsf*-!xijdi!
dsfbuft!bo!psefsjoh!pg!ebub!qpjout!uibu!sfqsftfout!uif!efotjuz.cbtfe!dmvtufsjoh!tusvduvsf-!qsp.
wjejoh!npsf!efubjmfe!jotjhiut!joup!dmvtufs!ijfsbsdijft!boe!wbszjoh!efotjuz!sfhjpot!xjuijo!uif!
ebubtfu!)Bolfstu-!Csfvojh-!Lsjfhfm-!boe!Tboefs!2:::*/!Uif!bmhpsjuin!dpnqvuft!dpsf!ejtubodft!
boe!sfbdibcjmjuz!ejtubodft!gps!fbdi!qpjou-!dsfbujoh!b!sfbdibcjmjuz!qmpu!uibu!wjtvbmj{ft!uif!dmvtufs.
joh!tusvduvsf!bdsptt!ejggfsfou!efotjuz!uisftipmet-!bmmpxjoh!bobmztut!up!fyusbdu!dmvtufst!bu!nvmuj.
qmf!tdbmft!xjuipvu!tqfdjgzjoh!qbsbnfufst!jo!bewbodf/!Uijt!ijfsbsdijdbm!bqqspbdi!jt!qbsujdvmbsmz!
wbmvbcmf!xifo!efbmjoh!xjui!dmvtufst!pg!wbszjoh!efotjujft!ps!oftufe!dmvtufst!ps!xifo!uif!pqujnbm!
dmvtufsjoh!qbsbnfufst!bsf!volopxo!cfdbvtf!ju!qspwjeft!b!dpnqsfifotjwf!wjfx!pg!uif!ebubƢt!
efotjuz!tusvduvsf/!Jo!ijhi.ejnfotjpobm!gjobodjbm!ebub!bobmztjt-!PQUJDT!qspwft!jowbmvbcmf!gps!jefo.
ujgzjoh!dpnqmfy!nbslfu!tusvduvsft-!efufdujoh!nvmujtdbmf!qbuufsot!jo!usbejoh!ebub-!boe!bobmz{joh!
qpsugpmjp!dpssfmbujpot!xifsf!usbejujpobm!dmvtufsjoh!nfuipet!njhiu!njtt!jnqpsubou!tusvduvsbm!sfmb.
ujpotijqt!cfdbvtf!pg!wbszjoh!efotjuz!qbuufsot!gps!ejggfsfou!nbslfu!dpoejujpot!ps!ujnf!qfsjpet/

Bggjojuz!qspqbhbujpo!)BQ*-!jouspevdfe!cz!Gsfz!boe!Evfdl!)3118*-!cfmpoht!up!uif!gbnjmz!pg!
hsbqi.uifpsfujd!dmvtufsjoh!ufdiojrvft!boe!jt!cbtfe!po!uif!dpodfqu!pg!Ƥnfttbhf!qbttjohƥ!
)Nê{bse!3118*!cfuxffo!uif!dboejebuf!nfncfst!pg!b!dmvtufs!uibu!dpoujovft!voujm!fbdi!dboejebuf!
jt!tvggjdjfoumz!jogpsnfe!up!kpjo!uif!bqqspqsjbuf!dmvtufs/!BQ!cfhjot!cz!nfbtvsjoh!uif!tjnjmbsjuz-!
t)i-!k*-!cfuxffo!wfdupst-!xijdi!sfqsftfout!uif!tjnjmbsjuz!pg!wfdups!k!up!wfdups!i/!Tjnjmbsjuz!jt!nfb.
tvsfe!cz!b!nfusjd!diptfo!cz!uif!npefm!cvjmefs!)f/h/-!Fvdmjefbo!ejtubodf*/
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Uif!cbtjd!joqvu!up!BQ!jt!b!sfbm.wbmvfe!ovncfs!t)k-!k*-!dbmmfe!b!qsfgfsfodf-!gps!fbdi!pctfswbujpo/!
Pctfswbujpot!xjui!mbshfs!qsfgfsfodf!wbmvft!bsf!npsf!mjlfmz!up!cf!tfmfdufe!bt!dmvtufs!dfoufst-!bmtp!
lopxo!bt!fyfnqmbst/!Ipxfwfs-!dmvtufs!tfmfdujpo!jt!b!gvodujpo!pg!opu!pomz!qsfgfsfodf!tj{f!cvu!
bmtp!uif!uxp!nfttbhf.qbttjoh!pqfsbujpot!uibu!bsf!uif!fttfodf!pg!uif!BQ!bmhpsjuin/!Uif!gjstuƠ
uif!sftqpotjcjmjuz-!s)i-!k*Ơjt!b!nfttbhf!usbotnjuufe!gspn!pctfswbujpo!i!up!b!dboejebuf!fyfnqmbs!
k!uibu!fyqsfttft!uif!tvjubcjmjuz!pg!pctfswbujpo!k!bt!bo!fyfnqmbs!gps!pctfswbujpo!i!hjwfo!uif!tvju.
bcjmjuz!pg!puifs!dboejebuf!fyfnqmbst/!Uif!tfdpoeƠuif!bwbjmbcjmjuz-!b)i-!k*Ơxpslt!jo!uif!pqqptjuf!
ejsfdujpo!boe!jt!tfou!gspn!b!dboejebuf!fyfnqmbs!k!up!bo!pctfswbujpo!i/!Bwbjmbcjmjuz!fyqsfttft!ipx!
bqqspqsjbuf!ju!xpvme!cf!gps!pctfswbujpo!i!up!tfmfdu!pctfswbujpo!k!bt!jut!fyfnqmbs-!hjwfo!uif!fyjtu.
joh!tvqqpsu!uibu!pctfswbujpo!k!ibt!gspn!puifs!pctfswbujpot!up!tfswf!bt!bo!fyfnqmbs/!Uif!BQ!
qspdftt!cfhjot!cz!jojujbmj{joh!uif!bwbjmbcjmjujft!up!{fsp-!b)i-!k*!>!1-!boe!uifo!qspdffet!up!dpnqvuf!
uif!sftqpotjcjmjujft!vtjoh!uif!gpmmpxjoh!svmf;

	
′ ′ ≠ 

′= ′− +
t/u/

) - * ) - *! nby ) - * ) - * /| ~s b t
k k k

i k i k i k i k � )2*

Uif!gpmmpxjoh!gpsnvmb!uifo!efufsnjoft!xifuifs!bo!pctfswbujpo!jt!b!hppe!fyfnqmbs;

	
′ ≠′ 

′ = + ∑ 
 t/u/! | - ~

) - * njo 1- ) - * !nby||1- ) - *~~ !b s s
i i i k

i k k k i k � )3*

Uif!Ƥtfmg.bwbjmbcjmjuzƥ!pg!bo!pctfswbujpo!jt!fyqsfttfe!bt!gpmmpxt;

	
′ ≠′

′= ∑
t/u/!

) - * nby||1- ) - *~~b s
i i k

i k i k � )4*

Bo!jowftunfou!bqqmjdbujpo!pg!BQ!jt!qsftfoufe!cz!Tjnpojbo!)3131*-!xip!vtfe!ju!up!efufsnjof!uif!
mfwfm!pg!ejwfstjuz!xjuijo!b!tfu!pg!jowftunfou!tjhobmt/!Up!dmbttjgz!tjhobmt!bddpsejoh!up!uifjs!tub.
ujtujdbm!qsfejdujwf!qspqfsujft-!uif!bvuips!qptjufe!b!wfdups!dpotjtujoh!pg!jogpsnbujpo!dpfggjdjfou!
)JD*!boe!JD!wbsjbodf!wbmvft!jo!wbsjpvt!sfhjnf.tqfdjgjd!tvctbnqmft!bt!joqvut!joup!uif!dmvtufsjoh!
bmhpsjuin/!Vtjoh!BQ!jo!uijt!nboofs!bmmpxt!vt!up!hbjo!b!nvmujejnfotjpobm!wjfx!pg!jowftunfou!
tjhobm!ejwfstjuz-!xjui!fbdi!nfbtvsf!qspwjejoh!jogpsnbujpo!po!b!ejggfsfou!btqfdu!pg!qsfejdujwf!
fggfdujwfoftt/

Cluster Evaluation Techniques
Bmuipvhi!nboz!dmvtufsjoh!bmhpsjuint!sfrvjsf!qptjujoh!uif!ovncfs!pg!dmvtufst-!ufdiojrvft!ibwf!
cffo!efwfmpqfe!uibu!bmmpx!uif!vtfs!up!efufsnjof!uif!nptu!tvjubcmf!dmvtufsjoh!tdifnf/!Uxp!
ufdiojrvft!jo!qbsujdvmbs!ibwf!cfdpnf!qpqvmbs/!Uif!gjstu!jt!uif!tjmipvfuuf!tdpsf-!bo!joufsobm!dmvt.
ufsjoh!fwbmvbujpo!nfusjd!uibu!nfbtvsft!ipx!tjnjmbs!fbdi!qpjou!jt!up!qpjout!jo!jut!pxo!dmvtufs!
dpnqbsfe!xjui!qpjout!jo!puifs!dmvtufst-!qspwjejoh!cpui!joejwjevbm!qpjou!tdpsft!boe!bo!pwfs.
bmm!dmvtufsjoh!rvbmjuz!nfbtvsf/!Gps!fbdi!ebub!qpjou-!uif!tjmipvfuuf!dpfggjdjfou!jt!dbmdvmbufe!bt!
)c!ƹ!b*0nby)b-!c*-!xifsf!b!jt!uif!nfbo!ejtubodf!up!puifs!qpjout!jo!uif!tbnf!dmvtufs!)jousbdmvtufs!
ejtubodf*!boe!c!jt!uif!nfbo!ejtubodf!up!qpjout!jo!uif!ofbsftu!ofjhicpsjoh!dmvtufs!)joufsdmvtufs!
ejtubodf*/!Uif!tjmipvfuuf!dpfggjdjfou!sbohft!gspn!ƹ2!up!2/!Wbmvft!dmptf!up!2!joejdbuf!uibu!uif!
qpjou!jt!xfmm!nbudife!up!jut!dmvtufs!boe!qppsmz!nbudife!up!ofjhicpsjoh!dmvtufst-!wbmvft!bspvoe!1!
tvhhftu!uibu!uif!qpjou!jt!po!ps!wfsz!dmptf!up!uif!efdjtjpo!cpvoebsz!cfuxffo!dmvtufst-!boe!
ofhbujwf!wbmvft!joejdbuf!uibu!uif!qpjou!njhiu!ibwf!cffo!bttjhofe!up!uif!xspoh!dmvtufs/

Uif!nbuifnbujdbm!gpvoebujpo!pg!uif!tjmipvfuuf!tdpsf!sfmjft!po!ejtubodf.cbtfe!dpiftjpo!boe!
tfqbsbujpo!nfbtvsft/!Gps!b!qpjou!j!jo!dmvtufs!D-!uif!jousbdmvtufs!ejtubodf-!b)j*-!sfqsftfout!uif!
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bwfsbhf!ejtubodf!cfuxffo!qpjou!j!boe!bmm!puifs!qpjout!jo!uif!tbnf!dmvtufs-!nfbtvsjoh!dmvtufs!
dpiftjpo/!Uif!joufsdmvtufs!ejtubodf-!c)j*-!jt!uif!njojnvn!bwfsbhf!ejtubodf!gspn!qpjou!j!up!qpjout!
jo!boz!puifs!dmvtufs-!nfbtvsjoh!dmvtufs!tfqbsbujpo/!Uif!tjmipvfuuf!dpfggjdjfou-!t)j*!>!\c)j*!ƹ!b)j*^0
nby\b)j*-!c)j*^-!qspwjeft!b!opsnbmj{fe!nfbtvsf!uibu!cbmbodft!dpiftjpo!boe!tfqbsbujpo-!xjui!
ijhifs!wbmvft!joejdbujoh!cfuufs!dmvtufsjoh!rvbmjuz/

Uif!tfdpoe!qpqvmbs!dmvtufs!fwbmvbujpo!ufdiojrvf-!uif!Bekvtufe!Sboe!Joefy!)BSJ*-!jouspevdfe!
cz!Ivcfsu!boe!Bsbcjf!)2:96*-!cvjmet!po!uif!nfbtvsf!jouspevdfe!cz!Sboe!)2:82*!boe!jt!b!npsf!
fyqmjdjumz!qspcbcjmjtujd!nfbtvsf!pg!dmvtufs!vojrvfoftt/!Uxp!jnqpsubou!dibsbdufsjtujdt!ejtujohvjti!
bo!BSJ!wbmvf!gspn!b!tjmipvfuuf!tdpsf/!Uif!gjstu!jt!uibu!b!Sboe!Joefy!wbmvf!jt!sfmbujpobm/!Xifsfbt!
b!tjmipvfuuf!tdpsf!ufmmt!vt!ipx!ujhiu!b!qbsujdvmbs!dmvtufsjoh!tdifnf!jt-!bo!BSJ!wbmvf!sbohft!
gspn!2!up!ƹ2!boe!ufmmt!vt!ipx!tjnjmbs!uxp!dmvtufsjoh!tdifnft!bsf/!B!wbmvf!pg!1!sfqsftfout!uxp!
joefqfoefou!dmvtufst-!boe!b!wbmvf!pg!2!sfqsftfout!jefoujdbm!dmvtufst/!Ofhbujwf!wbmvft!joejdbuf!
xpstf.uibo.sboepn!dmvtufsjoh/!Bddpsejohmz-!uif!tfdpoe!ejtujohvjtijoh!dibsbdufsjtujd!pg!bo!BSJ!
wbmvf!jt!uibu!mpxfs!wbmvft!joejdbuf!npsf!vojrvf!qbjst!pg!dmvtufsjoh!tdifnft/!Uif!nfusjd!jt!qbsujd.
vmbsmz!wbmvbcmf!cfdbvtf!ju!bekvtut!gps!uif!fyqfdufe!tjnjmbsjuz!uibu!xpvme!pddvs!cz!dibodf!bmpof-!
nbljoh!ju!npsf!sfmjbcmf!uibo!uif!cbtjd!Sboe!Joefy!xifo!dpnqbsjoh!dmvtufsjoht!xjui!ejggfsfou!
ovncfst!pg!dmvtufst!ps!xifo!efbmjoh!xjui!jncbmbodfe!dmvtufs!tj{ft/

Uif!nbuifnbujdbm!gpvoebujpo!pg!uif!psjhjobm!Sboe!Joefy!cfhjot!xjui!uif!dpoujohfodz!ubcmf-!
xijdi!dsptt.ubcvmbuft!uif!dmvtufs!bttjhonfout!gspn!uxp!ejggfsfou!dmvtufsjoht/!Hjwfo!uxp!dmvt.
ufsjoht!V!>!|V2-!V3-!ƪ -!Vs~!boe!W!>!|W2-!W3-!ƪ -!Wt~-!uif!dpoujohfodz!ubcmf!fousz!ojk!sfqsftfout!uif!
ovncfs!pg!pckfdut!uibu!bsf!jo!cpui!dmvtufs!Vj!boe!dmvtufs!Wk/!Uif!Sboe!Joefy!jt!dbmdvmbufe!cz!
dpvoujoh!uif!ovncfs!pg!qbjst!pg!pckfdut!uibu!bsf!fjuifs!jo!uif!tbnf!dmvtufs!jo!cpui!dmvtufsjoht!
ps!jo!ejggfsfou!dmvtufst!jo!cpui!dmvtufsjoht!boe!ejwjejoh!cz!uif!upubm!ovncfs!pg!qbjst/!Uijt!sbx!
nfbtvsf!epft!opu!bddpvou!gps!uif!fyqfdufe!bhsffnfou!uibu!xpvme!pddvs!cz!sboepn!dibodf-!
ipxfwfs-!xijdi!jt!xifsf!uif!bekvtunfou!cfdpnft!dsvdjbm/!Uif!nbuifnbujdbm!gpsnvmb!gps!BSJ!
dbo!cf!fyqsfttfe!bt!BSJ!>!)SJ!ƹ!FyqfdufeSJ*0\nby)SJ*!ƹ!FyqfdufeSJ^-!xifsf!SJ!jt!uif!Sboe!Joefy-!
FyqfdufeSJ!jt!uif!fyqfdufe!wbmvf!pg!uif!Sboe!Joefy!voefs!uif!ovmm!izqpuiftjt!pg!sboepn!dmvtufs.
joh-!boe!nby)SJ*!jt!uif!nbyjnvn!qpttjcmf!wbmvf!pg!uif!Sboe!Joefy/!Uijt!bekvtunfou!fotvsft!uibu!
uif!fyqfdufe!wbmvf!pg!BSJ!jt!{fsp!xifo!dmvtufsjoht!bsf!joefqfoefou-!nbljoh!ju!b!npsf!joufsqsf.
ubcmf!nfbtvsf!uibo!uif!sbx!Sboe!Joefy/

Dimension Reduction Techniques
Gjobodf!jt!b!ebub.esjwfo!foufsqsjtf/!Joeffe-!uif!tiffs!tj{f!pg!ebub!qspdfttfe!boe!uif!ovncfs!
pg!wbsjbcmft!dpotjefsfe!jo!gjobodjbm!bqqmjdbujpot!nbz!bu!ujnft!uftu!uif!mjnjut!pg!nbuifnbujdbm!
npefmt!boe!jogpsnbujpo!ufdiopmphz!jogsbtusvduvsf/!Hjwfo!uijt!gbdu-!sfevdjoh!uif!ejnfotjpot!
pg!b!qspcmfn!xifo!qpttjcmf!jt!b!dsjujdbm!btqfdu!pg!boz!jowftunfou!qspdftt/

Qsjodjqbm!dpnqpofou!bobmztjt!)QDB*!jt!b!ejnfotjpo!sfevdujpo!ufdiojrvf!uibu!ibt!cffo!vtfe!jo!
gjobodf!gps!nboz!zfbst!)Qfbstpo!2:12<!Ipufmmjoh!2:44*/!QDB!usbotgpsnt!ijhi.ejnfotjpobm!ebub!
joup!b!mpxfs.ejnfotjpobm!tqbdf!xijmf!qsftfswjoh!nbyjnvn!wbsjbodf/!QDB!xpslt!cz!gjoejoh!uif!
qsjodjqbm!dpnqpofout-!xijdi!bsf!psuiphpobm!ejsfdujpot!jo!uif!gfbuvsf!tqbdf!uibu!dbquvsf!uif!
nptu!wbsjbodf!jo!uif!ebub/!Uif!bmhpsjuin!dpnqvuft!uif!dpwbsjbodf!nbusjy!pg!uif!ebub-!qfsgpsnt!
fjhfoefdpnqptjujpo!up!gjoe!fjhfowfdupst!)qsjodjqbm!dpnqpofout*!boe!fjhfowbmvft!)wbsjbodf!
fyqmbjofe*-!boe!uifo!qspkfdut!uif!psjhjobm!ebub!poup!uif!tqbdf!tqboofe!cz!uif!upq!l!fjhfowfd.
upst!)tff!Figure 4*/!Uijt!mjofbs!usbotgpsnbujpo!dsfbuft!vodpssfmbufe!gfbuvsft!psefsfe!cz!uif!
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bnpvou!pg!wbsjbodf!uifz!fyqmbjo-!nbljoh!QDB!qbsujdvmbsmz!vtfgvm!gps!ebub!wjtvbmj{bujpo-!opjtf!
sfevdujpo-!boe!gfbuvsf!fyusbdujpo!jo!qsfqspdfttjoh!qjqfmjoft/

Qfsibqt!uif!nptu!xfmm.lopxo!fybnqmf!pg!b!gjobodjbm!bqqmjdbujpo!pg!QDB!bqqfbst!jo!uif!efdpn.
qptjujpo!pg!uif!zjfme!dvswf!cz!Mjuufsnbo!boe!Tdifjolnbo!)2::2*/!Uifjs!bqqmjdbujpo!pg!QDB!
jowpmwft!dpotusvdujoh!b!nbusjy!xifsf!fbdi!spx!sfqsftfout!b!tqfdjgjd!ebuf!boe!fbdi!dpmvno!sfq.
sftfout!zjfmet!bu!ejggfsfou!nbuvsjujft!)tvdi!bt!4.npoui-!7.npoui-!2.zfbs-!3.zfbs-!6.zfbs-!21.zfbs-!
boe!41.zfbs!sbuft*/!QDB!uifo!efdpnqptft!uif!zjfme!dvswf!ebub!joup!psuiphpobm!dpnqpofout!
sbolfe!cz!uifjs!fyqmbobupsz!qpxfs/!Uifjs!tuvez!)boe!puifst!uibu!gpmmpxfe*!sfwfbmfe!uibu!uisff!
qsjodjqbm!dpnqpofout!fyqmbjo!bqqspyjnbufmz!:6&Ɵ::&!pg!zjfme!dvswf!npwfnfout;

	● Gjstu!qsjodjqbm!dpnqpofou!)mfwfm*;!Uijt!dpnqpofou!uzqjdbmmz!bddpvout!gps!91&Ɵ:1&!pg!uif!
wbsjbodf!boe!sfqsftfout!qbsbmmfm!tijgut!jo!uif!zjfme!dvswf/!Xifo!uijt!gbdups!npwft-!bmm!zjfmet!
ufoe!up!npwf!vq!ps!epxo!uphfuifs!cz!tjnjmbs!bnpvout/!Uijt!cfibwjps!sfgmfdut!cspbe!npof.
ubsz!qpmjdz!dibohft-!jogmbujpo!fyqfdubujpot-!ps!hfofsbm!fdpopnjd!dpoejujpot/

	● Tfdpoe!qsjodjqbm!dpnqpofou!)tmpqf*;!Fyqmbjojoh!spvhimz!6&Ɵ26&!pg!wbsjbodf-!uijt!dpn.
qpofou!dbquvsft!uif!tuffqfojoh!ps!gmbuufojoh!pg!uif!zjfme!dvswf/!Ju!sfqsftfout!uif!tqsfbe!
cfuxffo!mpoh.ufsn!boe!tipsu.ufsn!sbuft-!pgufo!sfgmfdujoh!fyqfdubujpot!bcpvu!gvuvsf!
npofubsz!qpmjdz!ps!fdpopnjd!hspxui/

	● Uijse!qsjodjqbm!dpnqpofou!)dvswbuvsf*;!Bddpvoujoh!gps!2&Ɵ6&!pg!wbsjbodf-!uijt!dpnqpofou!
dbquvsft!dibohft!jo!uif!dvswfƢt!dpowfyjuz!ps!Ƥcpxƥ!tibqf/!Ju!sfgmfdut!sfmbujwf!npwfnfout!
jo!nfejvn.ufsn!sbuft!dpnqbsfe!xjui!tipsu.!boe!mpoh.ufsn!sbuft-!pgufo!sfmbufe!up!nbslfu!
fyqfdubujpot!bcpvu!joufsnfejbuf.ufsn!fdpopnjd!dpoejujpot/

Bopuifs!qpqvmbs!ejnfotjpo!sfevdujpo!ufdiojrvf!jt!u.ejtusjcvufe!tupdibtujd!ofjhicps!
fncfeejoh!)u.TOF*-!b!qpxfsgvm!ejnfotjpo!sfevdujpo!ufdiojrvf!uibu!dbo!cf!vtfe!up!wjtvbmj{f!
ijhi.ejnfotjpobm!ebub!jo!b!mpxfs.ejnfotjpobm!tqbdf-!uzqjdbmmz!3E!ps!4E!)wbo!efs!Nbbufo!boe!
Ijoupo!3119*/!Ju!jt!qbsujdvmbsmz!fggfdujwf!gps!fyqmpsjoh!dpnqmfy!ebubtfut!boe!jefoujgzjoh!dmvtufst!

Gjhvsf!5/!QDB!Bmhpsjuin
1.	 Center the data:!Ydfoufsfe!>!Y!ƹ!nfbo)Y*

2.	 Compute covariance matrix: C!>!\20)o!ƹ!2*^!Ø!Ydfoufsfe
U!Ø!Ydfoufsfe

3.	 Perform eigendecomposition: C!>!V!Ø!Λ!Ø!VU

	● V;!fjhfowfdupst!)qsjodjqbm!dpnqpofout*

	● Λ;!fjhfowbmvft!)wbsjbodf!fyqmbjofe*

4.	 Sort eigenvectors by decreasing eigenvalues

5.	 Select top k eigenvectors:!X!>!V\;-!1;l^

6.	 Transform data:!Z!>!Ydfoufsfe!Ø!X

7.	 Output:!Z-!X-!fyqmbjofe!wbsjbodf!sbujp
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ps!qbuufsot!uibu!njhiu!opu!cf!bqqbsfou!jo!sbx!ebub/!Jo!gjobodf-!u.TOF!dbo!cf!bqqmjfe!up!bobmz{f!
boe!wjtvbmj{f!nbslfu!tfhnfoubujpo-!tvdi!bt!hspvqjoh!tupdlt!ps!bttfut!cbtfe!po!uifjs!ijtupsjdbm!
qfsgpsnbodf-!sjtl!qspgjmft-!ps!puifs!gfbuvsft/!Uif!bmhpsjuin!gps!u.TOF!bqqfbst!jo!Figure 5/

Up!qspwjef!b!tvqfswjtfe!dpvoufsqpjou-!xf!nfoujpo!mjofbs!ejtdsjnjobou!bobmztjt!)MEB*-!b!ufdi.
ojrvf!uibu!gjoet!mjofbs!dpncjobujpot!pg!gfbuvsft!uibu!cftu!tfqbsbuf!ejggfsfou!dmbttft-!nbljoh!ju!
qbsujdvmbsmz!vtfgvm!gps!dmbttjgjdbujpo!qsfqspdfttjoh!)Gjtifs!2:47*/!MEB!dbo!tfswf!bt!b!qpxfsgvm!
dmbttjgjdbujpo!uppm!jo!gjobodjbm!bqqmjdbujpot-!qbsujdvmbsmz!gps!jefoujgzjoh!usbejoh!tjhobmt/!Jo!dsfeju!
sjtl!npefmjoh-!MEB!dbo!ifmq!tfqbsbuf!cpsspxfst!joup!ejtujodu!sjtl!dbufhpsjft!vtjoh!gjobodjbm!
sbujpt!boe!puifs!qsfejdujwf!wbsjbcmft-!pqujnj{joh!uif!mjofbs!dpncjobujpo!pg!gfbuvsft!uibu!cftu!ejt.
dsjnjobuft!cfuxffo!efgbvmu!boe!opoefgbvmu!dbtft/!Gps!bmhpsjuinjd!usbejoh-!MEB!dbo!cf!vtfe!up!
dmbttjgz!nbslfu!dpoejujpot!joup!cvmmjti-!cfbsjti-!ps!ofvusbm!sfhjnft!cbtfe!po!ufdiojdbm!joejdbupst!
boe!nbslfu!njdsptusvduvsf!wbsjbcmft/

Bopuifs!ufdiojrvf-!joefqfoefou!dpnqpofou!bobmztjt!)JDB*-!bttvnft!uibu!ebub!bsf!hfofsbufe!
cz!njyjoh!joefqfoefou!tpvsdf!tjhobmt!boe!buufnqut!up!sfdpwfs!uiftf!psjhjobm!joefqfoefou!
dpnqpofout-!nbljoh!ju!wbmvbcmf!gps!cmjoe!tpvsdf!tfqbsbujpo!qspcmfnt!tvdi!bt!bvejp!tjhobm!qsp.
dfttjoh!)Dpnpo!2::5<!Cfmm!boe!Tfkopxtlj!2::6*/!JDB!jt!uifsfgpsf!vtfgvm!jo!gjobodjbm!bqqmjdbujpot!
uibu!sfrvjsf!cmjoe!tpvsdf!tfqbsbujpo-!qbsujdvmbsmz!jo!jefoujgzjoh!joefqfoefou!nbslfu!gbdupst!gspn!
njyfe!tjhobmt/!Gps!fybnqmf-!jo!nvmujbttfu!qpsugpmjp!bobmztjt-!JDB!tfqbsbuft!sfuvsot!joup!joef.
qfoefou!dpnqpofout!uibu!nbz!sfqsftfou!ejggfsfou!fdpopnjd!gbdupst!)jogmbujpo-!hspxui-!tfouj.
nfou*!uibu!bsf!opu!ejsfdumz!pctfswbcmf!cvu!esjwf!bttfu!qfsgpsnbodf/!Gps!ijhi.gsfrvfodz!usbejoh-!

Gjhvsf!6/!u.TOF!Bmhpsjuin
1.	 Compute high-dimensional similarities:

	● Gps!fbdi!qpjou!yj-!dbmdvmbuf!dpoejujpobm!qspcbcjmjujft;!q|k}j~!>!fyq)ƹ}}yj!ƹ!yk}}303σj
3*0

Σlƾj!fyq)ƹ}}yj!ƹ!yl}}303σj
3*

	● Tznnfusj{f;!qjk!>!)q|k}j~!,!q|j}k~*03o

2.	 Initialize low-dimensional embedding:

	● Sboepnmz!qmbdf!qpjout!zj!jo!ubshfu!ejnfotjpobm!tqbdf

3.	 Iterative optimization: For each iteration, compute low-dimensional similarities:

	● Vtf!u.ejtusjcvujpo;!rjk!>!)2!,!}}zj!ƹ!zk}}3*ƹ20Σlƾm!)2!,!}}zl!ƹ!zm}}3*ƹ2

	 Dbmdvmbuf!hsbejfou;

	● Njojnj{f!LvmmcbdlƟMfjcmfs!)LM*!ejwfshfodf;!LM)Q}}R*!>!Σjk!qjk!mph)qjk0rjk*

	● Hsbejfou;!ƵD0Ƶzj!>!5Σk!)qjk!ƹ!rjk*)zj!ƹ!zk*)2!,!}}zj!ƹ!zk}}3*ƹ2

	 Vqebuf!qptjujpot;

	● Bqqmz!hsbejfou!eftdfou!xjui!npnfouvn!up!npwf!qpjout!zj

4.	 Output:!Gjobm!mpx.ejnfotjpobm!fncfeejoh!Z
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JDB!ifmqt!jtpmbuf!hfovjof!qsjdf!tjhobmt!gspn!nbslfu!opjtf!cz!jefoujgzjoh!joefqfoefou!tpvsdft!
pg!qsjdf!npwfnfou/!Uif!ufdiojrvf!jt!qbsujdvmbsmz!wbmvbcmf!jo!fnfshjoh!nbslfut-!xifsf!usbej.
ujpobm!gbdups!npefmt!nbz!opu!bqqmz-!cfdbvtf!JDB!dbo!ejtdpwfs!dpvousz.tqfdjgjd!ps!tfdups.tqfdjgjd!
joefqfoefou!gbdupst!uibu!jogmvfodf!bttfu!sfuvsot!xjuipvu!sfrvjsjoh!qsjps!bttvnqujpot!bcpvu!
gbdups!tusvduvsf/

Deep Learning Approaches
Bvupfodpefst!bsf!ofvsbm!ofuxpslt!eftjhofe!up!mfbso!fggjdjfou!ebub!sfqsftfoubujpot!jo!bo!
votvqfswjtfe!nboofs!cz!usbjojoh!uif!ofuxpsl!up!sfdpotusvdu!jut!joqvu!ebub!)Ijoupo!boe!
Tbmblivuejopw!3117*/!Uif!bsdijufduvsf!dpotjtut!pg!bo!fodpefs!uibu!dpnqsfttft!uif!joqvu!joup!b!
mpxfs.ejnfotjpobm!mbufou!sfqsftfoubujpo!boe!b!efdpefs!uibu!sfdpotusvdut!uif!psjhjobm!joqvu!gspn!
uijt!dpnqsfttfe!sfqsftfoubujpo/!Uif!ofuxpsl!jt!usbjofe!up!njojnj{f!sfdpotusvdujpo!fssps-!xijdi!
gpsdft!ju!up!mfbso!nfbojohgvm!gfbuvsft!uibu!dbquvsf!uif!nptu!jnqpsubou!btqfdut!pg!uif!ebub/!
Bqqmjdbujpot!pg!fodpefst!jodmvef!ejnfotjpobmjuz!sfevdujpo-!efopjtjoh-!gfbuvsf!mfbsojoh-!boe!ebub!
dpnqsfttjpo/!Uif!bmhpsjuin!gps!bvupfodpefst!jt!tipxo!jo!Figure 6/

Wbsjbujpot!pg!tuboebse!fodpefst!jodmvef!efopjtjoh!bvupfodpefst!uibu!mfbso!up!sfdpotusvdu!dmfbo!
ebub!gspn!dpssvqufe!joqvut-!wbsjbujpobm!bvupfodpefst!)WBFt*!uibu!mfbso!qspcbcjmjtujd!mbufou!

Gjhvsf!7/!Bvupfodpefs!Bmhpsjuin
1.	 Initialize networks:

	 Fodpefs;!gfod)y<!θfod*!→!{!xjui!qbsbnfufst!θfod

	 Efdpefs;!gefd){<!θefd*!→!Ƌy!xjui!qbsbnfufst!θefd

2.	 Training loop (for each epoch):

	 Gps!fbdi!njoj.cbudi;

	 Gpsxbse!qbtt;

	 Fodpef;!{!>!gfod)y<!θfod*Ơdpnqsftt!joqvu!up!mbufou!dpef

	 Efdpef;!Ƌy!>!gefd){<!θefd*Ơsfdpotusvdu!gspn!mbufou!dpef

3.	 Loss computation:

	 Sfdpotusvdujpo!mptt;!M!>!}}y!ƹ! Ƌy}}3!)nfbo!trvbsfe!fssps*

4.	 Backward pass:

	 Dpnqvuf!hsbejfout!xjui!sftqfdu!up!cpui!ofuxpslt;!∇θfodM-!∇θefdM

	 Vqebuf!fodpefs;!θfod!←!θfod!ƹ!α∇θfodM

	 Vqebuf!efdpefs;!θefd!←!θefd!ƹ!α∇θefdM

5.	 Output:!Usbjofe!fodpefs!boe!efdpefs!ofuxpslt
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sfqsftfoubujpot-!boe!tqbstf!bvupfodpefst!uibu!fogpsdf!tqbstjuz!dpotusbjout!po!uif!ijeefo!mbzfs!
bdujwbujpot!up!mfbso!npsf!joufsqsfubcmf!gfbuvsft!)Ljohnb!boe!Xfmmjoh!3125*/!Vomjlf!usbejujpobm!
bvupfodpefst-!xijdi!dpnqsftt!ebub!joup!b!efufsnjojtujd!mbufou!tqbdf-!WBFt!npefm!uif!mbufou!
tqbdf!bt!b!qspcbcjmjuz!ejtusjcvujpo!)uzqjdbmmz!Hbvttjbo*/!Uijt!qspcbcjmjtujd!bqqspbdi!bmmpxt!WBFt!
up!hfofsbuf!sfbmjtujd!tzouifujd!ebub!cz!tbnqmjoh!gspn!uif!mfbsofe!mbufou!ejtusjcvujpo/!WBFt!dpo.
tjtu!pg!uxp!nbjo!dpnqpofout;

	● Fodpefs;!Nbqt!joqvu!ebub!up!b!mbufou!tqbdf!cz!mfbsojoh!uif!qbsbnfufst!)nfbo!boe!wbsjbodf*!
pg!b!qspcbcjmjuz!ejtusjcvujpo

	● Efdpefs;!Sfdpotusvdut!uif!psjhjobm!ebub!gspn!tbnqmft!esbxo!gspn!uif!mbufou!ejtusjcvujpo

Uif!lfz!joopwbujpo!pg!WBFt!jt!uif!vtf!pg!wbsjbujpobm!jogfsfodf-!xifsf!uif!npefm!mfbsot!b!mbufou!
ejtusjcvujpo!uibu!dbquvsft!uif!voefsmzjoh!tusvduvsf!pg!uif!ebub/!Uif!usbjojoh!qspdftt!jowpmwft!
njojnj{joh!b!mptt!gvodujpo!uibu!dpncjoft!sfdpotusvdujpo!fssps!)ipx!xfmm!uif!efdpefs!sfdpo.
tusvdut!uif!joqvu*!boe!b!sfhvmbsj{bujpo!ufsn!)ipx!dmptf!uif!mfbsofe!mbufou!ejtusjcvujpo!jt!up!
b!qsjps-!uzqjdbmmz!b!tuboebse!opsnbm!ejtusjcvujpo*/!Fybnqmft!pg!ipx!WBFt!bsf!vtfe!jo!gjobodf!
jodmvef!tzouifujd!ebub!hfofsbujpo!gps!uftujoh!usbejoh!tusbufhjft!ps!tusftt.uftujoh!npefmt-!vodpw.
fsjoh!mbufou!gbdupst!esjwjoh!bttfu!qsjdft!ps!nbslfu!cfibwjps-!boe!jefoujgzjoh!vovtvbm!qbuufsot!jo!
gjobodjbm!ebub!cz!dpnqbsjoh!sfdpotusvdufe!ebub!xjui!uif!psjhjobm!joqvu/

Bopuifs!bmhpsjuin!vtfe!up!hfofsbuf!tzouifujd!ebub!jt!lopxo!bt!b!hfofsbujwf!bewfstbsjbm!ofu.
xpsl!)HBO<!Hppegfmmpx-!Qpvhfu.Bcbejf-!Njs{b-!Yv-!Xbsef.Gbsmfz-!P{bjs-!Dpvswjmmf-!boe!Cfohjp!
3125*/!HBOt!bsf!b!dmbtt!pg!hfofsbujwf!npefmt!uibu!vtf!b!hbnf.uifpsfujd!gsbnfxpsl!up!mfbso!boe!
hfofsbuf!ofx!ebub!uibu!njnjd!uif!ejtusjcvujpo!pg!b!hjwfo!ebubtfu/!HBOt!dpotjtu!pg!uxp!ofvsbm!
ofuxpslt;

	● Hfofsbups;!Dsfbuft!tzouifujd!ebub!gspn!sboepn!opjtf-!buufnqujoh!up!njnjd!uif!sfbm!ebub!
ejtusjcvujpo

	● Ejtdsjnjobups;!Ejtujohvjtift!cfuxffo!sfbm!ebub!)gspn!uif!ebubtfu*!boe!gblf!ebub!)qspevdfe!
cz!uif!hfofsbups*

Uif!hfofsbups!boe!ejtdsjnjobups!bsf!usbjofe!tjnvmubofpvtmz!jo!b!{fsp.tvn!hbnf;!Uif!hfofsbups!
buufnqut!up!Ƥgppmƥ!uif!ejtdsjnjobups!cz!qspevdjoh!sfbmjtujd!ebub-!boe!uif!ejtdsjnjobups!usjft!up!
dpssfdumz!jefoujgz!sfbm!wfstvt!gblf!ebub/!Pwfs!ujnf-!uif!hfofsbups!jnqspwft!jut!bcjmjuz!up!dsfbuf!
sfbmjtujd!ebub-!boe!uif!ejtdsjnjobups!cfdpnft!cfuufs!bu!ejtujohvjtijoh!sfbm!gspn!gblf/!Xifo!uif!
HBO!dpowfshft-!uif!hfofsbups!qspevdft!ebub!uibu!bsf!joejtujohvjtibcmf!gspn!uif!sfbm!ebub/!
HBOt!bsf!xjefmz!vtfe!jo!gjobodf!gps!ubtlt!uibu!jowpmwf!hfofsbujoh!sfbmjtujd!tzouifujd!ebub-!npe.
fmjoh!dpnqmfy!ejtusjcvujpot-!boe!tjnvmbujoh!nbslfu!tdfobsjpt/!Tjnpojbo!)3135*!eftdsjcft!ipx!
uif!tzouifujd!ebub!hfofsbufe!cz!HBOt!dbo!cf!vtfe!jo!uif!npefm!wbmjebujpo!qspdftt/

Anomaly Detection
Bopnbmz!efufdujpo!jt!bo!jnqpsubou!qbsu!pg!gjobodf!cfdbvtf!fyusfnf!pvumjfst-!tvdi!bt!tupdl!
nbslfu!dsbtift-!dbo!ibwf!pvutj{fe!gjobodjbm!boe!fdpopnjd!jnqmjdbujpot/!Ipxfwfs-!bopnbmz!
efufdujpo!jt!jnqpsubou!opu!pomz!gps!jowftupst!cvu!bmtp!jo!tvdi!bsfbt!bt!dsfeju!dbse!gsbve!efufd.
ujpo-!jefoujgzjoh!vovtvbm!usbejoh!qbuufsot-!efufdujoh!nbslfu!nbojqvmbujpo-!boe!npojupsjoh!qpsu.
gpmjp!qfsgpsnbodf!gps!bcopsnbm!cfibwjps!qbuufsot!uibu!dpvme!joejdbuf!pqfsbujpobm!sjtlt!ps!npefm!
gbjmvsft/!Bmuipvhi!puifs!uzqft!pg!nbdijof!mfbsojoh!npefmt-!tvdi!bt!ECTDBO!boe!tvqqpsu!wfdups!
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nbdijoft-!dbo!qfsgpsn!bopnbmz!efufdujpo-!efejdbufe!bmhpsjuint!ibwf!bmtp!cffo!efwfmpqfe!gps!
pvumjfs!efufdujpo/!Jtpmbujpo!Gpsftu!vtft!efdjtjpo!usfft!up!jtpmbuf!bopnbmjft!cz!sboepnmz!tfmfdu.
joh!gfbuvsft!boe!tqmjuujoh!uif!ebub!bddpsejoh!up!uisftipme!wbmvft-!pqfsbujoh!voefs!uif!qsjodjqmf!
uibu!bopnbmjft!bsf!gfx!boe!ejggfsfouƠifodf-!fbtjfs!up!jtpmbuf!)Mjv-!Ujoh-!boe![ipv!3119*/!Uif!
bmhpsjuin!dpotusvdut!bo!fotfncmf!pg!jtpmbujpo!usfft!cz!sboepnmz!tfmfdujoh!gfbuvsft!boe!tqmju!
wbmvft-!xjui!bopnbmjft!sfrvjsjoh!gfxfs!tqmjut!up!cf!jtpmbufe!boe!uivt!ibwjoh!tipsufs!bwfsbhf!
qbui!mfohuit!jo!uif!usfft-!xifsfbt!opsnbm!qpjout!sfrvjsf!npsf!tqmjut!boe!ibwf!mpohfs!qbuit/!
Uijt!bqqspbdi!jt!qbsujdvmbsmz!fggfdujwf!cfdbvtf!ju!ejsfdumz!ubshfut!bopnbmjft!sbuifs!uibo!qspgjmjoh!
opsnbm!jotubodft-!nbljoh!ju!dpnqvubujpobmmz!fggjdjfou!xjui!mjofbs!ujnf!dpnqmfyjuz!boe!fggfdujwf!
jo!ijhi.ejnfotjpobm!tqbdft/

Bopuifs!qpqvmbs!bopnbmz!efufdujpo!ufdiojrvf!jt!uif!mpdbm!pvumjfs!gbdups!)MPG*-!xijdi!efufdut!
bopnbmjft!cz!dpnqbsjoh!ipx!efotfmz!qbdlfe!fbdi!qpjou!jt!sfmbujwf!up!jut!mpdbm!ofjhicpsippe!
)Csfvojh-!Lsjfhfm-!Oh-!boe!Tboefs!3111*/!Uif!lfz!jotjhiu!jt!uibu!pvumjfst!fyjtu!jo!tqbstfs!sfhjpot!
dpnqbsfe!xjui!uifjs!ofjhicpst/!Bt!b!spvhi!bobmphz-!uijol!pg!ebub!qpjout!bt!ipvtft!jo!b!djuz;!
Jo!efotf!ofjhicpsippet-!ipvtft!bsf!dmptf!uphfuifs-!boe!jo!mftt!qpqvmbufe!bsfbt-!ipvtft!bsf!
tqsfbe!pvu/!Bo!pvumjfs!jt!mjlf!b!ipvtf!uibu!jt!vovtvbmmz!jtpmbufe!dpnqbsfe!xjui!uif!efotjuz!pg!jut!
tvsspvoejoh!ofjhicpsippe/!Uif!MPG!bmhpsjuin!jt!tipxo!jo!Figure 7/

Conclusion
Jo!uijt!dibqufs-!J!ibwf!qspwjefe!bo!pwfswjfx!pg!tpnf!nbkps!votvqfswjtfe!mfbsojoh!bmhpsjuint!
bmpoh!xjui!fybnqmft!pg!ipx!uifz!bsf!bqqmjfe!jo!wbsjpvt!bsfbt!pg!gjobodf/!J!ibwf!tipxo!uibu!votv.
qfswjtfe!mfbsojoh!qmbzt!b!nbkps!spmf!jo!dmbttjgjdbujpo-!bopnbmz!efufdujpo-!boe!tzouifujd!ebub!hfo.
fsbujpoƠbmm!nbkps!bqqmjdbujpo!bsfbt!jo!gjobodf/!Uif!ofyu!dibqufs!xjmm!efmwf!effqfs!joup!bo!bsfb!pg!
votvqfswjtfe!mfbsojohƠofuxpsl!uifpszƠuibu!ibt!cfdpnf!qpqvmbs!jo!sfdfou!zfbst!cfdbvtf!pg!jut!
gmfyjcjmjuz!boe!qpxfs!up!jmmvnjobuf!wbsjpvt!uzqft!pg!dpoofdujpot!uibu!fyjtu!cfuxffo!gjobodjbm!boe!
fdpopnjd!foujujft!boe!bdupst/

Gjhvsf!8/!MPG!Bmhpsjuin
1.	 Find k-nearest neighbors for each point

2.	 Calculate reachability distance:

	 sejtu)B-!C*!>!nby\l.ejtubodf)C*-!e)B-!C*^

3.	 Compute local reachability density:

	 Mpdbmse)B*!>!20)ΣSfbdiejtu)B-!C*0}Ol)B*}*

4.	 Output:!MPG)B*!>!\Σmse)C*0mse)B*^0}Ol)B*}!gps!C!jo!Ol)B*
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UNSUPERVISED LEARNING II: 
NETWORK THEORY 
Hvfpshvj!T/!Lpotuboujopw-!QiE
Tfojps!Qpsugpmjp!Nbobhfs-!Gjyfe!Jodpnf!boe!Dvssfodjft-!EflbCbol

Bhbuif!Tbefhij-!QiE
Tufwfot!Jotujuvuf!pg!Ufdiopmphz-!Tdippm!pg!Cvtjoftt

2 Gvoebnfoubm!mjufsbuvsf!po!ofuxpslt!jodmveft!Xbttfsnbo!boe!Gbvtu!)2::5*-!Ofxnbo!)3121*-!Cbsbcâtj!)3127*-!boe!Cpshbuuj-!
Fwfsfuu-!Kpiotpo-!boe!Bhoffttfot!)3133*/!Gjobodjbm!ofuxpslt!bsf!fyufotjwfmz!bobmz{fe!cz!Ejfcpme!boe!Zjmnb{!)3126*/

Introduction
Efdjtjpo!nbljoh!boe!sjtl!bttfttnfou!ibwf!usbejujpobmmz!cffo!hspvoefe!jo!dpsf!gjobodjbm!npefmt/!
Uiftf!npefmt!ibwf!fodpvoufsfe!dibmmfohft!bt!hmpcbm!joufsefqfoefodjft!ibwf!hspxo!jo!dpn.
qmfyjuz!bt!gjobodjbm!nbslfut!fwpmwf/!Nboz!dmbttjdbm!npefmt!bqqspbdi!uif!nbslfu!bt!fjuifs!b!
dpmmfdujwf!tztufn!xjui!vojgpsn!joufsbdujpot!ps!hspvqt!pg!vodpoofdufe!tztufnt!xifsf!bdupst!
nblf!bvupopnpvt!efdjtjpot/!Uiftf!pwfsmz!tjnqmjgjfe!bqqspbdift!ibwf!qspwfe!jodpssfdu!jo!nboz!
jodjefout-!tvdi!bt!uif!gjobodjbm!dsjtjt!pg!3118Ɵ3119!boe!uif!DPWJE.2:!qboefnjd/!Uif!gbjmvsf!pg!
Mfinbo!Cspuifst!boe!uif!ofbs.dpmmbqtf!pg!BJH!ijhimjhiufe!ipx!ejtusftt!jt!dbqbcmf!pg!sbqjemz!
tqsfbejoh!gspn!pof!sfhjpo!pg!uif!tztufn!up!bopuifs-!sfwfbmjoh!ijeefo!mjolt!boe!wvmofsbcjmjujft/!
Dpowfoujpobm!npefmt!eje!opu!gpsftff!uiftf!wvmofsbcjmjujft/!Uiftf!fwfout!sfwfbmfe!uif!tpcfsjoh!
usvui!uibu!uif!joufsdpoofdujwjuz!pg!gjobodjbm!jotujuvujpot!boe!uif!tztufn!jt!nvdi!npsf!jousjdbuf!
uibo!uif!npefmt!pg!uif!ujnf!dpvme!dbquvsf!boe!uibu!uif!joufsfyqptvsft!cfuxffo!jotujuvujpot!
bsf!dsvdjbm!up!uif!tztufnjd!tubcjmjuz!pg!uif!tusvduvsf/!Uijt!dsjtjt!qspwft!uibu!npefmt!bsf!cmjoe!
up!fnfshjoh!sjtlt!jg!sfmbujpotijqt!cfuxffo!qmbzfst!bee!vq!jo!voqsfejdubcmf!btznnfusjd!xbzt/!
Up!sftqpoe!up!uif!dibmmfohf!pg!nbobhjoh!tztufnjd!sjtl-!pof!offet!uppmt!uibu!jefoujgz!boe!tusvd.
uvsf!sfmbujpotijqt!up!bobmz{f!dpoofdujpot-!op!nbuufs!ipx!vodpowfoujpobm!uif!ejsfdujpo!njhiu!cf/2

B!qpxfsgvm!boe!jouvjujwf!gsbnfxpsl!gps!pwfsdpnjoh!uiftf!dpotusbjout!jt!qspwjefe!cz!ofuxpsl!
uifpsz-!b!ejtdjqmjof!xjui!spput!jo!hsbqi!uifpsz/!Ju!pggfst!nbuifnbujdbm!mbohvbhf!gps!jowftujhbujoh!
tztufnt!nbef!vq!pg!ejtujodu!foujujft!)sfqsftfoufe!bt!opeft!ps!wfsujdft*!boe!uif!dpoofdujpot!
ps!joufsbdujpot!bnpoh!uifn!)sfqsftfoufe!bt!mjolt!ps!fehft*/!Uijt!nfuipe!ibt!tipxo!qspnjtf!
jo!b!xjef!sbohf!pg!gjfmet-!jodmvejoh!cjpmphz-!dpnqvufs!tdjfodf-!usbotqpsubujpo-!boe!uif!
tpdjbm!tdjfodft/

Ofuxpsl!bobmztjt!jt!b!obuvsbm!gju!gps!gjobodjbm!tztufnt/!Nbslfut-!bttfut-!gjobodjbm!jotujuvujpot-!boe!
fwfo!jogpsnbujpo!gmpxt!bsf!bmm!joufsdpoofdufe/!Uiftf!sfmbujpotijqt!dsfbuf!jousjdbuf!ofuxpslt!
uibu!tvqqpsu!uif!ezobnjdt!pg!uif!nbslfu/!Qsbdujujpofst!dbo!fybnjof!uif!usvf!tusvduvsf!pg!nbslfu!
joufsbdujpot!boe!hp!cfzpoe!pwfstjnqmjgjfe!bttvnqujpot!cz!efqjdujoh!uiftf!wbsjfe!gjobodjbm!
sfmbujpotijqt!bt!ofuxpslt/!Uif!gpmmpxjoh!bsf!fybnqmft!pg!ofuxpslt;

	● Joufscbol!mfoejoh!ofuxpslt;!B!wjubm!ofuxpsl!gps!ejtusjcvujoh!mjrvjejuz!jt!dsfbufe!xifo!cbolt!
mfoe!up!boe!cpsspx!gspn!pof!bopuifs/
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Technical Concepts
Mfu!vt!tubsu!cz!dpotjefsjoh!b!dmbttjgjdbujpo!qspcmfn!xjui!usbjojoh!ebub!pg!uif!gpmmpxjoh!gpsn;

	 … ∈ ∈ + −2 2) - *- -!) - *-! -! | 2- 2~/o
m my z y z y S z 	

Jo!puifs!xpset-!wfdupst!y!∈So-!pgufo!dbmmfe!joqvut!ps!gfbuvsft-!jo!uif!usbjojoh!ebub!cfmpoh!up!uxp!
dmbttft;!uiptf!qbjsfe!xjui!z!>!,2!boe!uiptf!qbjsfe!xjui!z!>!ƹ2/!Uif!hpbm!pg!boz!mfbsojoh!nbdijof!
jt!up!gjoe!b!gvodujpobm!gpsn!gps!uijt!dmbttjgjdbujpo-!gjuujoh!uif!usbjojoh!ebub!bt!xfmm!bt!qpttjcmf!cvu!
opu!pwfsgjuujoh/

Pof!tjnqmf!dbtf!jt!xifo!uif!uxp!dmbttft!pg!y!∈So!dbo!cf!tfqbsbufe!cz!b!izqfsqmbof;!bo!bggjof!
tvctqbdf!pg!So!pg!dpejnfotjpo!2/!Uifo!uif!dmbtt!pg!y!∈So!dpssftqpoejoh!up!z!>!,2!xjmm!tjnqmz!cf!
po!pof!tjef!pg!uif!izqfsqmbof-!boe!uif!dmbtt!dpssftqpoejoh!up!z!>!Ɵ2!xjmm!cf!po!uif!puifs!tjef/

Jo!qsbdujdf-!tvdi!b!tfqbsbujoh!izqfsqmbof!epft!opu!fyjtu!gps!nboz!sfbm.mjgf!qspcmfnt/!Gpmmpxjoh!
Dpsuft!boe!Wbqojl!)2::6*!boe!Wbqojl!)2:::-!3111*-!uifsf!bsf!uxp!nbkps!bqqspbdift!up!
dpotusvdujoh!mfbsojoh!nbdijoft!gps!uif!dmbttjgjdbujpo!qspcmfnt;

	● Vtf!gvodujpobm!bqqspyjnbujpot!cz!opomjofbs!)f/h/-!tjhnpje*!gvodujpot/!Uijt!bqqspbdi!mfbet!
up!ofvsbm!ofuxpslt-!xijdi!bsf!cfzpoe!uif!tdpqf!pg!uijt!dibqufs/

	● Nbq!)opomjofbsmz*!uif!joqvu!wfdupst!y!∈So!joup!b!ijhifs.ejnfotjpobm!gfbuvsf!tqbdf-!boe!
dpotusvdu!b!tfqbsbujoh!izqfsqmbof!jo!uijt!ijhifs.ejnfotjpobm!tqbdf/!Uijt!bqqspbdi!mfbet!
up!TWNt-!xijdi!xf!xjmm!dpotjefs!ifsf!jo!npsf!efubjm/

Bo!TWN!mjofbs!npefm!efwfmpqfe!jo!tvdi!b!ijhifs.ejnfotjpobm!gfbuvsf!tqbdf!dpssftqpoet!up!b!
opomjofbs!dmbtt!tfqbsbujpo!npefm!jo!uif!psjhjobm!gfbuvsf!tqbdf/!Tvqqpsu!wfdups!nbdijoft!)boe!
ofvsbm!ofuxpslt*!dbo!cf!vtfe!jo!nbdijof!mfbsojoh!cfzpoe!dmbttjgjdbujpo!qspcmfnt-!tvdi!bt!
sfhsfttjpo!boe!efotjuz!ftujnbujpo!qspcmfnt!)tff-!f/h/-!Wbqojl-!Hpmpxjdi-!boe!Tnpmb!2::8<!
Tnpmb!boe!Tdi÷mlpqg!3115<!Bxbe!boe!Liboob!3126*/

Gjhvsf!2/!Izqfsqmbof.Tfqbsbcmf!Ebub
Tvqqpsu!wfdups!nbdijoft!xfsf!jouspevdfe!cz!Wmbejnjs!Wbqojl!boe!Dpsjoob!Dpsuft!)tff!
Dpsuft!boe!Wbqojl!2::6<!Wbqojl!2:::-!3111*/!Tvqqptf!uif!usbjojoh!ebub!bsf!pg!uif!gpsn

	 … ∈ ∈ + −2 2) - *- -!) - *-! -! | 2- 2~o
m my z y z y S z 	

boe!uif!uxp!dmbttft!dpssftqpoejoh!up!z!>!,2!boe!z!>!Ɵ2!dbo!cf!tfqbsbufe!cz!bo!
)bggjof*!izqfsqmbof-!dbmmfe!bo!Ƥpqujnbm!tfqbsbujoh!izqfsqmbofƥ!ps!b!Ƥnbyjnbm!nbshjo!
izqfsqmbofƥ;

	 ⋅ − =) * 1-x y c 	
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xifsf!x!jt!uif!wfdups!psuiphpobm!up!uif!pqujnbm!izqfsqmbof!boe!c!jt!b!tdbmbs/!
Wbqojl!)2:::*!eftdsjcft!uif!pqujnbm!izqfsqmbof!vtjoh!uif!gpmmpxjoh!jofrvbmjujft;

	 ⋅ − ≥ =) * 2!jg! 2j jx y c z /	

	 ⋅ − ≤ − = −) * 2!jg! 2j jx y c z /	

Uiftf!jofrvbmjujft!dbo!cf!fyqsfttfe!dpnqbdumz!bt!gpmmpxt;

	  ⋅ − ≥ = … ) * 2-! 2- - /j jz x y c j m 	

Uif!nbyjnbm!nbshjo!izqfsqmbof!jt!pcubjofe!cz!tpmwjoh!uif!gpmmpxjoh!pqujnj{bujpo!
qspcmfn;

	
-

njo) - *
x

x x 	

	  ⋅ − ≥ = … tvckfdu!up!! ) * 2-! 2- - /j jz x y c j m 	

Gpmmpxjoh!Wbqojl!)2:::*-!uijt!pqujnj{bujpo!qspcmfn!dbo!cf!tfu!vq!xjui!Mbhsbohf!
nvmujqmjfst!aj;

	
α

=

α − α α ⋅∑ ∑
2 -

2njo ) *
3

m m

j j k j k j k
j j k

z z y y 	

	
=

α = ≤ α = …∑
2

tvckfdu!up! 1!boe!!1 -! 2- - /
m

j j j
j

z j 	

Uif!pqujnbm!tpmvujpo!wfdups!x1!jt!b!mjofbs!dpncjobujpo!pg!uif!wfdupst!jo!uif!usbjojoh!tfu;

	
=

= α α ≥ = …∑ 1 1
1

2

-! 1-! 2- - /
m

j j j j
j

x z y j m 	

Npsfpwfs-!Wbqojl!tipxt!uibu!pomz!tpnf!usbjojoh!wfdupst!yj-!dbmmfe!uif!tvqqpsu!wfdupst-!
ibwf!opo{fsp!dpfggjdjfout!jo!uif!fyqbotjpo!pg!x1/!Jo!puifs!xpset-!xf!ibwf

	 = α α ≥∑ 1 1
1 -! 1/j j j j

tvpp suwfdupst

x z y 	
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Gjhvsf!3/!Hfofsbmj{bujpo!gps!Mjofbsmz!
Opotfqbsbcmf!Ebub!
Efbmjoh!xjui!uif!dbtf!xifo!uif!ebub!bsf!mjofbsmz!opotfqbsbcmf-!gpmmpxjoh!Wbqojl!)2:::*-!
xf!tfu

	
=

+ ξ∑-
2

njo) - *
m

jx
j

x x D 	

	  ⋅ − ≥ − ξ = … tvckfdu up ) * 2 - 2- - /j j jz x y c j m 	

Uif!jefb!jt!up!bmmpx!tpnf!qpjout!up!cf!po!uif!Ƥxspohƥ!tjef!pg!uif!pqujnbmmz!tfqbsbujoh!
izqfsqmbof/!Uif!pqujnj{bujpo!qspcmfn!dbo!cf!gpsnvmbufe!bt!gpmmpxt;

	
α

=

α − α α ⋅∑ ∑
2 -

2njo ) *
3

m m

j j k j k j k
j j k

z z y y 	

	
=

α = ≤ α ≤ = …∑
2

tvckfdu up 1 boe!!1 -! 2- - /
m

j j j
j

z D j m 	

Npsf!hfofsbmmz-!xf!dbo!nbq!uif!joqvu!wfdupst!y!∈So!joup!b!wfsz!ijhifs.ejnfotjpobm!
gfbuvsf!tqbdf!uispvhi!tpnf!opomjofbs!nbqqjoh!diptfo!b!qsjpsj!boe!dpotusvdu!bo!pquj.
nbm!tfqbsbujoh!izqfsqmbof!jo!uijt!ijhi.ejnfotjpobm!gfbuvsf!tqbdf/!Ju!uvsot!pvu!xf!ep!
opu!offe!up!lopx!uif!fyqmjdju!gpsn!pg!uijt!opomjofbs!nbq<!bmm!xf!offe!jt!uif!joofs!qspe.
vdu!jo!uif!ijhifs.ejnfotjpobm!tqbdf-!sfqsftfoufe!cz!b!uxp.wbsjbcmf!gvodujpo!L)yj-!yk*!gps!
yj-!yk!∈So-!dbmmfe!uif!lfsofm/

Uifo-!uif!nptu!hfofsbm!pqujnj{bujpo!qspcmfn!dbo!cf!gpsnvmbufe!bt!gpmmpxt;

	
α

=

α − α α ⋅∑ ∑
2 -

2njo ) *
3

m m

j j k j k j k
j j k

z z L y y 	

	
=

α = ≤ α ≤ = …∑
2

tvckfdu!up ! 1!boe!1 -! 2- - /
m

j j j
j

z D j m 	

Pof!pg!uif!nptu!jnqpsubou!dpodfqut!jo!mfbsojoh!uifpsz!jt!uif!usbef.pgg!cfuxffo!uif!
rvbmjuz!pg!uif!npefm!gju!po!uif!usbjojoh!ebub!boe!uif!dpnqmfyjuz!pg!uif!npefm/!Jo!gbdu-!
tvqqpsu!wfdups!nbdijoft!xfsf!jotqjsfe!cz!uif!tp.dbmmfe!tusvduvsbm!sjtl!njojnj{bujpo!
qsjodjqmf-!bsjtjoh!jo!tubujtujdbm!mfbsojoh!uifpsz!up!beesftt!uijt!ljoe!pg!usbef.pgg/

Jouvjujwfmz-!pof!dbo!bdijfwf!b!hsfbu!npefm!gju!jo!uif!usbjojoh!ebub-!cvu!uif!dpogjefodf!
joufswbm!xjmm!cf!mbshf-!sftvmujoh!jo!pwfsgjuujohƠgjuujoh!uif!tqvsjpvt!qbuufsot!jo!uif!usbjojoh!
ebub!upp!xfmm-!bu!uif!fyqfotf!pg!qpps!qfsgpsnbodf!po!uif!ebub!uif!npefm!ibt!opu!tffo!
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Simple Example: Classifying Stocks vs. Bonds
Jo!uijt!tfdujpo-!J!jmmvtusbuf!uif!tvqqpsu!wfdups!nbdijof!dpodfqut!wjb!b!tjnqmf!fybnqmf/!Gps!b!tfu!
pg!frvjuz!boe!cpoe!joefyft-!xf!xbou!up!tfqbsbuf!uif!tfu!jo!b!uxp.ejnfotjpobm!gfbuvsf!tqbdf;!uif!
dpssfmbujpo!cfuxffo!bo!joefy!sfuvso!boe!jogmbujpo!)Dpotvnfs!Qsjdf!Joefy-!ps!DQJ-!dibohf*!boe!uif!
dpssfmbujpo!cfuxffo!uif!joefy!sfuvso!boe!sfbm!HEQ!hspxui/!Xf!dbmdvmbuf!rvbsufsmz!dpssfmbujpot!
vtjoh!zfbs.pwfs.zfbs!jogmbujpo-!zfbs.pwfs.zfbs!HEQ!hspxui!sbuft-!boe!)uif!qsjps!rvbsufsƢt*!frvjuz!
boe!cpoe!joefy!zfbs.pwfs.zfbs!)ZpZ*!sfuvsot/!Xf!vtf!rvbsufsmz!ebub!cfuxffo!2::9!boe!3136/

Gps!fybnqmf-!gps!VT!mbshf!dbqt!)sfqsftfoufe!cz!uif!NTDJ!VTB!Hsptt!Upubm!Sfuvso!VTE!Joefy*-!
uif!dpssfmbujpo!xjui!zfbs.pwfs.zfbs!jogmbujpo!jt!31&!boe!uif!dpssfmbujpo!xjui!HEQ!hspxui!jt!71&/!
Uivt-!VT!mbshf!dbqt!bsf!sfqsftfoufe!jo!pvs!uxp.ejnfotjpobm!gfbuvsf!tqbdf!cz!b!wfdups;

	 = ∈ 3)1/31-!1/71* /y 	

Tjnjmbsmz-!VT!Usfbtvsjft!)sfqsftfoufe!cz!uif!Cmppncfsh!VT!Usfbtvsz!Upubm!Sfuvso!Joefy*-!
bsf!ƹ4:&!dpssfmbufe!xjui!uif!tvctfrvfou!rvbsufsƢt!jogmbujpo!boe!ƹ53&!dpssfmbufe!xjui!uif!
tvctfrvfou!rvbsufsƢt!HEQ!hspxui/!Uivt-!VT!mbshf!dbqt!bsf!sfqsftfoufe!jo!pvs!uxp.ejnfotjpobm!
gfbuvsf!tqbdf!cz!b!wfdups;

	 = − − ∈ 3) 1/4:-! 1/53* /y 	

Xf!usbjo!uif!npefm!po!uisff!frvjuz!joefyft!)uif!NTDJ!VTB!Hsptt!Upubm!Sfuvso!VTE!Joefy-!NTDJ!
VTB!Tnbmm!Dbq!Hsptt!Upubm!Sfuvso!VTE!Joefy-!boe!NTDJ!VTB!JNJ!Ijhi!Ejwjefoe!Zjfme!Hsptt!Upubm!
Sfuvso!VTE!Joefy*-!tfuujoh!z!>!,2-!boe!uisff!cpoe!joefyft!)uif!Cmppncfsh!VT!Usfbtvsz!Upubm!
Sfuvso!Joefy-!Cmppncfsh!VT!Dpsqpsbuf!Jowftunfou!Hsbef!Upubm!Sfuvso!Joefy-!boe!Cmppncfsh!
VT!Usfbtvsz!Jogmbujpo.Mjolfe!Upubm!Sfuvso!Joefy*-!tfuujoh!z!>!Ɵ2/!Opu!tvsqsjtjohmz-!bmm!frvjuz!
joefyft!bsf!rvjuf!tjhojgjdboumz!qptjujwfmz!dpssfmbufe!xjui!sfbm!HEQ!hspxui-!boe!VT!Usfbtvsjft!
bsf!ofhbujwfmz!dpssfmbufe!xjui!sfbm!HEQ!hspxui/!Tff!Exhibit 2!gps!npsf!ebub!efubjmt/

Bddpsejoh!up!Wbqojl!)2:::*-!pqujnj{joh!uif!TWNƢt!Mbhsbohjbo!po!pvs!tjy!usbjojoh!ebub!qpjout!
sfevdft!up!uif!gpmmpxjoh!qspcmfn;

	
α

=

α − α ⋅α∑ ∑
7 7

2 -

2njo ) *
3j j k j k j k

j j k

z z y y 	

	
=

α = ≤ α = …∑
7

2

tvckfdu!up ! 1!boe!1 -! 2- -7-j j j
j

z j 	

xifsf!aj!bsf!Mbhsbohf!nvmujqmjfst/!Sfgfs!cbdl!up!Gjhvsf!2!gps!uif!hfofsbm!pqujnj{bujpo!tfuvq/

jo!usbjojoh/!Wbqojl!)2:::*!qpjout!pvu!uibu!TWNt!bmmpx!uif!dpouspm!pg!cpui!npefm!gju!boe!
uif!dpogjefodf!joufswbm/!Jo!uif!nptu!hfofsbm!dbtf-!uif!vojrvf!pqujnj{bujpo!tpmvujpo!jt!
pcubjofe!xifo!pof!dipptft!uif!wbmvf!pg!uif!usbef.pgg!qbsbnfufs-!D/
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Fyijcju!3/!Pqujnbm!Izqfsqmbof!Tfqbsbujoh!Tupdl!boe!Cpoe!Joefyft!
jo!b!Uxp.Ejnfotjpobm!Gfbuvsf!Tqbdf!pg!Dpssfmbujpot!xjui!Sfbm!HEQ!
boe!DQJ!Zfbs!pwfs!Zfbs-!2::9Ɵ3136

Features

Correlations

DQJ!ZpZ

Sfbm!HEQ!ZpZ

z;!tupdl!),2*!ps!cpoe!)Ɵ2*
α1;!Mbhsbohf!nvmujqmjfst

)x!⋅!y*!Ɵ!c

Training Data

US Large Cap

1/31

1/71

2
1

2/156

US Small Cap

1/29

1/78

2
1

2/364

US High Div

1/2:

1/6:

2
6/874:

2/111

US Treasuries

Ɵ1/4:

Ɵ1/53

Ɵ2
1

Ɵ3/895

US Inv Grade

Ɵ1/39

1/19

Ɵ2
1

Ɵ2/159

US TIPS

1/15

1/13

Ɵ2
6/874:

Ɵ2/111

Unseen Data

US High Yield

1/11

1/52

1/378

Ɵ1/7

Ɵ1/6

Ɵ1/5

Ɵ1/4

Ɵ1/3

Ɵ1/2

1/1

1/2

1/3

1/4

1/5

1/6

1/8

1/7

Ɵ1/8
Ɵ1/6Ɵ1/7Ɵ1/8 Ɵ1/5 Ɵ1/4 Ɵ1/3 Ɵ1/2 1 1/2 1/3 1/4 1/5 1/6 1/7 1/8

C
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on
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h 
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l G
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P 

Y
oY

Correlation with CPI YoY

VT!Mbshf!Dbq

VT!Tnbmm!Dbq

VT!Ijhi!Ejw

VT!Usfbtvsjft

VT!Jow!Hsbef

VT!UJQT

VT!Ijhi!Zjfme

pqujnbm
tfqbsbujoh
izqfsqmbof

Izqfsqmbof Tvqqpsu!Wfdups Frvjujft Cpoet Votffo!Ebub

Opuft;!Rvbsufsmz!dpssfmbujpot!pg!DQJ!zfbs.pwfs.zfbs!dibohf!boe!sfbm!HEQ!zfbs.pwfs.zfbs!hspxui!xjui!uif!qsjps!rvbsufsƢt!zfbs.
pwfs.zfbs!sfuvso!pg!frvjuz!boe!cpoe!joefyft/!BvuipsƢt!dbmdvmbujpot!gps!jmmvtusbujpo!boe!fevdbujpobm!qvsqptft!pomz/

Tpvsdft;!Ebub!bsf!gspn!Cmppncfsh!)VT!Mbshf!Dbq;!NTDJ!VTB!Hsptt!Upubm!Sfuvso!VTE!Joefy<!VT!Tnbmm!Dbq;!NTDJ!VTB!Tnbmm!Dbq!
Hsptt!Upubm!Sfuvso!VTE!Joefy<!VT!Ijhi!Ejw;!NTDJ!VTB!JNJ!Ijhi!Ejwjefoe!Zjfme!Hsptt!Upubm!Sfuvso!VTE!Joefy<!VT!Usfbtvsjft;!
Cmppncfsh!VT!Usfbtvsz!Upubm!Sfuvso!Joefy<!VT!Jow!Hsbef;!Cmppncfsh!VT!Dpsq!Jowftunfou!Hsbef!Upubm!Sfuvso!Joefy<!VT!UJQT;!
Cmppncfsh!VT!Usfbtvsz!Jogmbujpo.Mjolfe!Upubm!Sfuvso!Joefy<!VT!Ijhi!Zjfme;!Cmppncfsh!VT!Dpsq!Ijhi!Zjfme!Upubm!Sfuvso!Joefy*/
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Bgufs!tpmwjoh!uijt!qspcmfn-!xf!dbo!tff!uibu!uif!pqujnbm!tfqbsbujoh!izqfsqmbof!jt!efgjofe!cz!
uxp!tvqqpsu!wfdupst;!uif!VT!ijhi.ejwjefoe!joefy!boe!uif!VT!Usfbtvsz!Jogmbujpo.Qspufdufe!
Tfdvsjuz!joefy/!Xf!ibwf!uif!pqujnj{fe!tpmvujpo!wfdups;

	 = + α + − α1 1
1 ) 2* ) 2* -VTUJQT VTUJQTVTIj iEjw VTIj iEjwx y y 	

xifsf!uif!)pqujnj{fe*!Mbshbohf!nvmujqmjfst-!α = α =1 1 6/874:VTUJQTVTIj iEjw -!bsf!dpssftqpoejoh!up!
uif!tvqqpsu!wfdupst-!yVT!Ijhi!Ejw!boe!yVT!UJQT-!boe!uif!Mbhsbohf!nvmujqmjfst!dpssftqpoejoh!up!uif!
gpvs!opotvqqpsu!wfdupst!bsf!{fsp/

Gvsuifs-!xf!ibwf

	 ⋅= +⋅1 1

2) *-
3 VTUJQTVTIj iEjwc x y x y 	

tp!uibu

	 − = −⋅ = −⋅1 1) * 2!boe!) * 2/VTUJQTVTIj iEjwx y c x y c 	

Bmtp!opuf!uibu!uif!VT!mbshf.dbq!joefy!jt!gbjsmz!dmptf!up!cfjoh!b!tvqqpsu!wfdups;

	 − =⋅1) * 2/156/VTMbshfDbqx y c 	

Xf!dbo!opx!vtf!pvs!TWN!npefm!up!dmbttjgz!b!ebub!qpjou!uif!npefm!ibt!ofwfs!tffo;!VT!ijhi.
zjfme!cpoet/!Uif!dpssfmbujpot!pg!uif!Cmppncfsh!VT!Dpsqpsbuf!Ijhi!Zjfme!Upubm!Sfuvso!Joefy!
xjui!DQJ!zfbs.pwfs.zfbs!dibohf!boe!sfbm!HEQ!zfbs.pwfs.zfbs!hspxui!)gfbuvsft!y!∈S3*!qvu!uif!
VT!ijhi.zjfme!joefy!po!uif!tjef!pg!frvjujft-!bmcfju!dmptf!up!uif!pqujnbm!tfqbsbujoh!izqfsqmbof;

	 − =⋅1) * 1/378/VTIj iZj mex y c 	

Jo!uijt!tfotf-!uif!TWN!npefm!dmbttjgjft!uif!VT!ijhi.zjfme!joefy!bt!frvjujft!sbuifs!uibo!cpoet/

Gps!Exhibit 3-!bsjtjoh!gspn!uif!bttfu!bmmpdbujpo!sftfbsdi!dpoevdufe!jo!dpmmbcpsbujpo!xjui!Kjbivj!
ƤKpzƥ!Zv-!QiE-!xf!usbjofe!uif!ebub!po!uif!dpssfmbujpot!pg!sfbm!HEQ!boe!DQJ!ZpZ!xjui!uif!qsjps!
rvbsufsƢt!zfbs.pwfs.zfbs!sfuvsot!pg!43!frvjuz!joefyft!boe!26!cpoe!joefyft/!Jo!uijt!dbtf-!tupdlt!
boe!cpoet!bsf!opu!mjofbsmz!tfqbsbcmf!boe!uif!usbef.pgg!qbsbnfufs!jt!tfu!bt!D!>!2-!bt!eftdsjcfe!
jo!Gjhvsf!3/

Uif!tvqqpsu!wfdupst!jo!uijt!dbtf!bsf!tjy!frvjuz!joefyft!)OZTF!Bsdb!Hpme!Njofst!Joefy-!NTDJ!
Dijob!Hsptt!Upubm!Sfuvso!Mpdbm!VTE!Joefy-!Obtebr.211!Upubm!Sfuvso!Joefy-!NTDJ!Fnfshjoh!Lpsfb!
Hsptt!Upubm!Sfuvso!Mpdbm!Joefy-!NTDJ!Fnfshjoh!Uvslfz!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy-!boe!NTDJ!
FN!CSJD!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy*!boe!uisff!cpoe!joefyft!)Cmppncfsh!VT!Usfbtvsz!
Jogmbujpo.Mjolfe!Upubm!Sfuvso!Joefy-!Cmppncfsh!VT!Dpsqpsbuf!Ijhi!Zjfme!Upubm!Sfuvso!Joefy-!
boe!Cmppncfsh!VT!Usfbtvsz!Cjmm!Joefy*/

Uif!usbjofe!npefm!jt!uifo!vtfe!up!dmbttjgz!32!puifs!bttfut/!Opuf!uibu!hpme!njofst!)OZTF!Bsdb!
Hpme!Njofst!Joefy*-!hpme-!Kbqboftf!zfo-!uif!VT!Epmmbs!Joefy-!boe!DUB!tusbufhjft!)EC!Dsptt!
Bttfu!DUB!Usfoe!Joefy!boe!TH!Usfoe!Joefy*!bsf!dmbttjgjfe!bt!cpoe.mjlf!bttfut-!bmcfju!Ƥxjuijo!
uif!nbshjo/ƥ!VT!ijhi.zjfme!cpoet!)Cmppncfsh!VT!Dpsqpsbuf!Ijhi!Zjfme!Upubm!Sfuvso!Joefy*!bsf!
dmbttjgjfe!bt!frvjuz.mjlf-!tjnjmbsmz!up!uif!npefm!jo!Fyijcju!3-!bmcfju!Ƥxjuijo!uif!nbshjoƥ!jo!uijt!
npefm!xjui!sfhvmbsj{bujpo!qfobmuz/
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Fyijcju!4/!Dmbttjgzjoh!Bttfut!bt!Tupdl.!ps!Cpoe.Mjlf!Vtjoh!b!Tvqqpsu!
Wfdups!Nbdijof!xjui!Sfhvmbsj{bujpo!Qfobmuz-!2:::Ɵ3136
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Opuft;!Rvbsufsmz!dpssfmbujpot!pg!DQJ!ZpZ!dibohf!boe!sfbm!HEQ!ZpZ!hspxui!xjui!uif!qsjps!rvbsufsƢt!ZpZ!sfuvso!bttfut/!Uif!TWN!
npefm!xjui!usbef.pgg!qbsbnfufs!D!>!2!jt!usbjofe!po!43!frvjuz!joefyft!boe!26!cpoe!joefyft!boe!jt!vtfe!up!dmbttjgz!32!puifs!
bttfut!)5!nfubmt-!2!dpnnpejuz!joefy-!22!dvssfodjft-!boe!6!tusbufhz!joefyft*!bt!frvjuz.mjlf!boe!cpoe.mjlf/

Mbcfmfe!qpjout;!VT!Mbshf!Dbq;!NTDJ!VTB!Hsptt!Upubm!Sfuvso!VTE!Joefy<!VT!Tnbmm!Dbq;!NTDJ!VTB!Tnbmm!Dbq!Hsptt!Upubm!Sfuvso!
VTE!Joefy<!VT!Ijhi!Ejw;!NTDJ!VTB!JNJ!Ijhi!Ejwjefoe!Zjfme!Hsptt!Upubm!Sfuvso!VTE!Joefy<!VT!Usfbtvsjft;!Cmppncfsh!VT!
Usfbtvsz!Upubm!Sfuvso!Joefy<!VT!Jow!Hsbef;!Cmppncfsh!VT!Dpsqpsbuf!Jowftunfou!Hsbef!Upubm!Sfuvso!Joefy<!VT!UJQT;!Cmppncfsh!
VT!Usfbtvsz!Jogmbujpo.Mjolfe!Upubm!Sfuvso!Joefy<!VT!Ijhi!Zjfme;!Cmppncfsh!VT!Dpsqpsbuf!Ijhi!Zjfme!Upubm!Sfuvso!Joefy<!Hpme;!
YBVVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YBV!jo!VTE!)VT!epmmbst!qfs!uspz!pvodf*<!Tjmwfs;!YBHVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!
pg!2!YBH!jo!VTE!)VT!epmmbst!qfs!uspz!pvodf*<!Qmbujovn;!YQUVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YQU!jo!VTE!)VT!epmmbst!qfs!uspz!
pvodf*<!Qbmmbejvn;!YQEVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YQE!jo!VTE!)VT!epmmbst!qfs!uspz!pvodf*<!Dpnnpejujft;!Cmppncfsh!
Dpnnpejuz!Joefy!Upubm!Sfuvso<!Hpme!Njofst;!OZTF!Bsdb!Hpme!Njofst!Joefy<!Dijob!Frvjujft;!NTDJ!Dijob!Hsptt!Upubm!Sfuvso!
Mpdbm!VTE!Joefy<!Obtebr;!Obtebr.211!Upubm!Sfuvso!Joefy<!Lpsfb!Frvjujft;!NTDJ!Fnfshjoh!Lpsfb!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!
Uvslfz!Frvjujft;!NTDJ!Fnfshjoh!Uvslfz!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!VT!U.cjmmt;!Cmppncfsh!VT!Usfbtvsz!Cjmm!Joefy<!Dpnnpejuz!
Qspevdfst;!NTDJ!Xpsme!Dpnnpejuz!Qspevdfst!Hsptt!Upubm!Sfuvso!VTE!Joefy<![BS;![BSVTE!Upubm!Sfuvso!Mpoh!.!Mpoh![BS-!
Tipsu!VTE<!O[E;!O[EVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!O[E-!Tipsu!VTE<!BVE;!BVEVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!BVE-!Tipsu!
VTE<!OPL;!OPLVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!OPL-!Tipsu!VTE<!HCQ;!HCQVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!HCQ-!Tipsu!VTE<!USZ;!
USZVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!USZ-!Tipsu!VTE<!DOZ;!DOZVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!DOZ-!Tipsu!VTE<!FVS;!FVSVTE!
Upubm!Sfuvso!Mpoh!.!Mpoh!FVS-!Tipsu!VTE<!DIG;!DIGVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!DIG-!Tipsu!VTE<!KQZ;!KQZVTE!Upubm!Sfuvso!
Mpoh!.!Mpoh!KQZ-!Tipsu!VTE<!VT!Epmmbs;!VT!Epmmbs!Joefy<!TH!DUB;!TH!DUB!Joefy<!TH!Usfoe;!TH!Usfoe!Joefy<!GY!Dbssz;!Cmppncfsh!
HTBN!GYDbssz!Joefy<!EC!Wpm!Dbssz;!Efvutdif!Cbol!Wpmbujmjuz!Dbssz!)VT!Mbshf!Dbq*<!EC!DUB;!EC!Dsptt!Bttfu!DUB!Usfoe!Joefy/
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Support Vector Machine Applications in Investments
Tvqqpsu!wfdups!nbdijoft!dbo!cf!vtfe!gps!eftdsjqujwf!dmbttjgjdbujpo-!qsfejdujpo-!boe!pqujnj{bujpo/!
J!tipxfe!b!dmbttjgjdbujpo!fybnqmf!pg!tupdlt!wfstvt!cpoet!jo!uif!qsfwjpvt!tfdujpo/

Ob{bsfui!boe!Sfeez!)3134*!dpoevdufe!b!mbshf.tdbmf!sfwjfx!pg!mjufsbuvsf!po!gjobodjbm!bqqmjdbujpot!
pg!nbdijof!mfbsojoh/!Uifz!gpvoe!uibu!TWN!npefmt!bsf!uif!nptu!gsfrvfoumz!tuvejfe-!ftqfdjbmmz!
jo!jotpmwfodz!boe!cbolsvqudz!qsfejdujpo-!nbjomz!cfdbvtf!pg!uifjs!fggfdujwfoftt!jo!efbmjoh!xjui!
uxp.hspvq!dmbttjgjdbujpo!qspcmfnt/!Uifsf!bsf!bmtp!nboz!bqqmjdbujpot!pg!TWNt!jo!tupdl!nbslfu!
boe!dszqupdvssfodz!tuvejft/

Szmm!boe!Tfjefot!)312:*!dpoevdufe!b!tztufnbujd!nfub.bobmztjt!pg!fyjtujoh!xpslt!po!NM.cbtfe!
usbejoh!bmhpsjuint!boe!gpvoe!uibu!TWNt!tjhojgjdboumz!Ƥpvutdpsfƥ!tpnf!ofvsbm!ofuxpslt!uibu!ibwf!
tjnjmbs!pckfdujwft!jo!dmbttjgjdbujpo/

Bt!xjui!boz!bsujgjdjbm!joufmmjhfodf!)BJ*!ps!nbdijof!mfbsojoh!)NM*!bqqmjdbujpot!jo!jowftujoh-!b!nbkps!
sjtl!jt!pwfsgjuujoh!uif!TWN!up!uif!usbjojoh!ebub<!tff!Tjnpojbo!)3135*!gps!b!dpnqsfifotjwf!npefm!
wbmjebujpo!sfwjfx/

Prediction
Jo!uijt!tfdujpo-!J!ejtdvtt!uif!bqqmjdbujpo!pg!TWN!up!qsfejdujoh!gvuvsf!bttfu!sfuvsot!boe!dsfeju!
sbujoht/!Gps!fybnqmf-!bo!jowftups!nbz!xbou!up!vtf!TWNt!xjui!uif!gpmmpxjoh!pckfdujwft;

Tpvsdft;!BvuipsƢt!dbmdvmbujpot!gps!jmmvtusbujpo!boe!fevdbujpobm!qvsqptft!pomz/!Ebub!bsf!gspn!Cmppncfsh!\Cmppncfsh!VT!Bhh!
Upubm!Sfuvso!Joefy<!Cmppncfsh!VT!Dpsqpsbuf!Ijhi!Zjfme!Upubm!Sfuvso!Joefy<!Cmppncfsh!2.4!Zs!Hpw0Dsfeju!Upubm!Sfuvso!Joefy<!
Cmppncfsh!VT!Usfbtvsz!Upubm!Sfuvso!Joefy<!Cmppncfsh!21,!Zs!Hpw0Dsfeju!Upubm!Sfuvso!Joefy<!Cmppncfsh!VT!Usfbtvsz!Jogmbujpo.
Mjolfe!Upubm!Sfuvso!Joefy<!Cmppncfsh!VT!Usfbtvsz!Cjmm!Joefy<!Cmppncfsh!VT!Npsuhbhf!Cbdlfe!Tfdvsjujft!Joefy<!Cmppncfsh!
VT!Dpsqpsbuf!Jowftunfou!Hsbef!Upubm!Sfuvso!Joefy<!Cmppncfsh!Mpoh!VT!Usfbtvsz!xjui!21,Z!Upubm!Sfuvso!Joefy<!Cmppncfsh!
VT!Usfbtvsz!Jogmbujpo!Opuft!21,Z!Upubm!Sfuvso!Joefy<!Cmppncfsh!Hmpcbm!Bhh!.!Bvtusbmjb!Upubm!Sfuvso!Joefy!Voifehfe!BVE<!
Cmppncfsh!Hmpcbm!Bhh!.!Dbobejbo!Upubm!Sfuvso!Joefy!Voifehfe!DBE<!Cmppncfsh!Hmpcbm!Bhh!.!Kbqboftf!Upubm!Sfuvso!Joefy!
Voifehfe!KQZ<!Cmppncfsh!FvspBhh!Joefy<!NTDJ!VTB!Wbmvf!Hsptt!Upubm!Sfuvso!VTE!Joefy<!NTDJ!VTB!Hspxui!Hsptt!Upubm!
Sfuvso!VTE!Joefy<!NTDJ!VTB!Hsptt!Upubm!Sfuvso!VTE!Joefy<!NTDJ!VTB!Rvbmjuz!Hsptt!Upubm!Sfuvso!VTE!Joefy<!Obtebr.211!
Upubm!Sfuvso!Joefy<!NTDJ!VTB!Njojnvn!Wpmbujmjuz!Hsptt!Upubm!Sfuvso!VTE!Joefy<!T'Q!611!Upubm!Sfuvso!Joefy<!NTDJ!VTB!Tnbmm!
Dbq!Hsptt!Upubm!Sfuvso!VTE!Joefy<!NTDJ!VTB!JNJ!Ijhi!Ejwjefoe!Zjfme!Hsptt!Upubm!Sfuvso!VTE!Joefy<!NTDJ!Bvtusbmjb!Hsptt!
Upubm¡Sfuvso!Mpdbm!Joefy<!NTDJ!Dbobeb!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!VL!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!FV!
Hsptt!Upubm!Sfuvso¡Mpdbm!Joefy<!NTDJ!Kbqbo!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!FN!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!
Csb{jm!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!FN!CSJD!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Dijob!Hsptt!Upubm!Sfuvso!Mpdbm!
VTE!Joefy<!NTDJ!Joejb!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Ipoh!Lpoh!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Fnfshjoh!Lpsfb!
Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Fnfshjoh!Tpvui!Bgsjdb!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Fnfshjoh!Uvslfz!Hsptt!
Upubm!Sfuvso!Mpdbm!Joefy<!NTDJ!Fnfshjoh!Ubjxbo!Hsptt!Upubm!Sfuvso!Mpdbm!Joefy<!T'Q!Hmpcbm!Obuvsbm!Sftpvsdft!Upubm!Sfuvso!
Joefy<!NTDJ!Xpsme!Fofshz!Hsptt!Upubm!Sfuvso!VTE!Joefy<!NTDJ!Xpsme!Dpnnpejuz!Qspevdfst!Hsptt!Upubm!Sfuvso!VTE!Joefy<!
NTDJ!Xpsme!Dpnnpejuz!Qspevdfs!Tfdups!Dbqqfe!Hsptt!Upubm!Sfuvso!VTE!Joefy<!OZTF!Bsdb!Hpme!Njofst!Joefy<!Epx!Kpoft!
Frvjuz!SFJU!Upubm!Sfuvso!Joefy<!NTDJ!VT!SFJU!Hsptt!Upubm!Sfuvso!Joefy<!T'Q!Hmpcbm!Jogsbtusvduvsf!Upubm!Sfuvso!Joefy<!YBVVTE!
Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YBV!jo!VTE!)VT!Epmmbst!qfs!Uspz!Pvodf*<!YBHVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YBH!jo!VTE!
)VT!Epmmbst!qfs!Uspz!Pvodf*<!YQUVTE!Tqpu!Fydibohf!Sbuf!.!Qsjdf!pg!2!YQU!jo!VTE!)VT!Epmmbst!qfs!Uspz!Pvodf*<!YQEVTE!Tqpu!
Fydibohf!Sbuf!.!Qsjdf!pg!2!YQE!jo!VTE!)VT!Epmmbst!qfs!Uspz!Pvodf*<!Cmppncfsh!Dpnnpejuz!Joefy!Upubm!Sfuvso<![BSVTE!Upubm!
Sfuvso!Mpoh!.!Mpoh![BS-!Tipsu!VTE<!O[EVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!O[E-!Tipsu!VTE<!BVEVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!
BVE-!Tipsu!VTE<!OPLVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!OPL-!Tipsu!VTE<!HCQVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!HCQ-!Tipsu!VTE<!
USZVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!USZ-!Tipsu!VTE<!DOZVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!DOZ-!Tipsu!VTE<!FVSVTE!Upubm!Sfuvso!
Mpoh!.!Mpoh!FVS-!Tipsu!VTE<!DIGVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!DIG-!Tipsu!VTE<!KQZVTE!Upubm!Sfuvso!Mpoh!.!Mpoh!KQZ-!Tipsu!
VTE<!VT!Epmmbs!Joefy<!TH!DUB!Joefy<!TH!Usfoe!Joefy<!Cmppncfsh!HTBN!GYDbssz!Joefy<!Efvutdif!Cbol!Wpmbujmjuz!Dbssz!)VT!
Mbshf!Dbq*<!EC!Dsptt!Bttfu!DUB!Usfoe!Joefy^/
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	● Hjwfo!bo!bttfu!vojwfstf-!tfmfdu!bttfut!npsf!mjlfmz!up!ibwf!ijhifs!fyqfdufe!sfuvsot!ps!
pvuqfsgpsn!b!cfodinbsl!pwfs!b!tvctfrvfou!ujnf!qfsjpe/

	● Sfdpotusvdu!dpsqpsbuf!dsfeju!sbujoht!xjui!gvoebnfoubm!bddpvoujoh!wbsjbcmft/

Hjwfo!bo!bttfu!vojwfstf-!TWNt!dbo!cf!vtfe!gps!tfqbsbujoh!bttfut!joup!uxp!hspvqt;!uiptf!mjlfmz!up!
ibwf!ijhifs!fyqfdufe!sfuvsot!boe!uiptf!mjlfmz!up!ibwf!mpxfs!fyqfdufe!sfuvsot/!Qpsugpmjpt!dbo!uifo!
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joup!tvctfut!uibu!sfmjbcmz!qsfejdu!dsptt.tfdujpobm!wbsjbujpot!jo!tupdl!sfuvsot!)Hv-!Lfmmz-!
boe!Yjv!3131*

	● Uif!fggjdbdz!pg!uif!NM!npefmt!jo!qsfejdujoh!dsptt.tfdujpo!pg!tupdl!sfuvsot-!dpnqbsfe!xjui!
psejobsz!mfbtu.trvbsft!)PMT*!sfhsfttjpo-!buusjcvubcmf!up!uifjs!bcjmjuz!up!vodpwfs!opomjofbs!
qbuufsot!boe!spcvtuoftt!up!nvmujdpmmjofbs!qsfejdupst!)Hv!fu!bm/!3131*

	● Uif!qpttjcjmjuz!pg!efnztujgzjoh!)j/f/-!csfbljoh!epxo!boe!fyqmbjojoh*!NM!qsfejdujpot!joup!
mjofbs-!opomjofbs-!boe!joufsbdujwf!dpnqpofout!)Mj-!Uvsljohupo-!boe!Zb{eboj!3131*

Tjnpojbo!boe!Gbcp{{j!)312:*!bshvfe!uibu!gjobodjbm!ebub!tdjfodf!jt!up!cf!sfhbsefe!bt!b!ejtdjqmjof!
jo!jut!pxo!sjhiu!boe!opu!b!nfsf!bqqmjdbujpo!pg!ebub!tdjfodf!nfuipet!up!gjobodf!ps!b!csbodi!pg!
dmbttjdbm!fdpopnfusjdt/

Pof!nbkps!csbodi!pg!nbdijof!mfbsojoh!jt!tvqfswjtfe!mfbsojoh-!xifsf!bwbjmbcmf!ebub!bsf!vtfe!up!
usbjo!b!npefm!uibu!jt!up!ftubcmjti!b!nbqqjoh!cfuxffo!joqvu!wbsjbcmft!)bmtp!lopxo!bt!gfbuvsft!
ps!qsfejdupst*!boe!pvuqvu!wbsjbcmft!)bmtp!lopxo!bt!uif!mbcfmt-!uif!sftqpotf-!ps!uif!efqfoefou!
wbsjbcmf*/!Jg!uif!sftqpotf!wbsjbcmf!jt!dpoujovpvt!ovnfsjd-!uif!npefm!jt!dbmmfe!b!sfhsfttjpo-!boe!
jg!uif!sftqpotf!jt!dbufhpsjdbm-!uif!npefm!jt!dbmmfe!b!dmbttjgjdbujpo/!Uijt!nbqqjoh!jt!uifo!vtfe!gps!
jogfsfodf!boe!tdpsjoh-!up!fyqmbjo!uif!sfmbujpotijq!cfuxffo!uif!joqvu!boe!sftqpotf-!ps!jefbmmz!up!
nblf!qsfejdujpot!bcpvu!uif!ofx!wbmvft!pg!uif!sftqpotf!wbsjbcmf!hjwfo!uif!ofx!joqvu/
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Bnpoh!uif!xjefmz!vtfe!tvqfswjtfe!mfbsojoh!npefmt!bsf!fotfncmft-!xijdi!bsf!cbtfe!po!uif!qsf.
tvnqujpo!pg!uif!xjtepn!pg!dspxet/!Jo!uijt!wjfx-!dpncjojoh!ejwfstf!pqjojpot!gspn!b!dpnnjuuff!
pg!tfwfsbm!joejwjevbmt!dbo!mfbe!up!hsfbufs!xjtepn/!Jo!puifs!xpset-!dpncjojoh!nvmujqmf!qsfejdujpot!
pcubjofe!gspn!ovnfspvt!tpnfxibu!joefqfoefou!nfuipet!pgufo!mfbet!up!cfuufs!qsfejdujpot!uibo!
jefoujgzjoh!b!tjohmf!cftu!qsfejdujpo/!Jo!b!sfhsfttjpo-!uijt!dpncjojoh!dbo!cf!tjnqmf!bwfsbhjoh!ps!
puifs!tpqijtujdbufe!xfjhiujoh!nfdibojtnt-!xifsfbt!jo!b!dmbttjgjdbujpo-!nbkpsjuz!wpujoh!ps!puifs!
xfjhiujoh!nfdibojtnt!nbz!cf!vtfe/!Ufdiojdbmmz-!uif!rvftujpo!jt!ipx!fggfdujwfmz!bo!fotfncmf!
npefm!dbo!efdpnqptf!cjbt!boe!wbsjbodf!ufsnt-!up!cf!bcmf!up!npsf!hfofsbmmz!xpsl!xfmm!po!qsf.
wjpvtmz!votffo!uftu!ebub!opu!vtfe!gps!npefm!usbjojoh/!Sfdbmm!uibu!uif!fyqfdufe!npefm!qsfejdujpo!
fssps!gps!b!sfhsfttjpo!npefm-!bt!nfbtvsfe!cz!uif!nfbo!trvbsfe!fssps!)NTF*-!jt!gpsnvmbufe!bt

	 3 3 3NTF \) * \) \ ^* ) \ ^ * /Ƌ Ƌ Ƌ Ƌ^ ^F z z F z F z F z z= − = − − − 	

Uijt!sfmbujpotijq!dbo!cf!joufsqsfufe!bt;

	 = + 3NTF! Wbsjbodf Cjbt / 	

Ifsf-!cjbt!sfgfst!up!uif!fssps!dpnnjuufe!cz!uif!mfbsojoh!bmhpsjuin-!xifsf!ijhifs!wbmvft!nbz!joej.
dbuf!voefsgjuujoh!bt!b!sftvmu!pg!uif!npefm!gbjmjoh!up!befrvbufmz!ftubcmjti!uif!sfmbujpotijqt!cfuxffo!
gfbuvsft!boe!pvuqvu/!Wbsjbodf!sfgfst!up!uif!fssps!gspn!uif!tfotjujwjuz!pg!uif!npefm!up!bopuifs!tvctfu!
pg!usbjojoh!ebub-!xifsf!ijhifs!wbmvft!joejdbuf!pwfsgjuujoh/!Hfofsbmmz-!uif!npsf!dpnqmfy!uif!npefm-!
uif!mpxfs!uif!cjbt!boe!uif!ijhifs!uif!wbsjbodf!xjmm!cf/!Jotubodft!pg!npefm!dpnqmfyjuz!jodmvef!
vtjoh!nboz!gfbuvsft-!b!hsfbufs!ovncfs!pg!qbsbnfufst-!boe!dpnqmfy!npefm!eftjho!ps!bsdijufduvsf/!
Uif!cjbtƟwbsjbodf!usbef.pgg!dpodfsot!njojnj{joh!uftu!fssps!cz!gjoejoh!uif!sjhiu!npefm!dpnqmfyjuz/

Cfgpsf!efmwjoh!joup!uif!wbsjpvt!dbufhpsjft!boe!uif!rvbmjujft!pg!fotfncmf!npefmt-!ju!jt!xpsui!
nfoujpojoh!uibu!uif!jefb!pg!dpncjojoh!qsfejdujpot!jt!opu!bo!foujsfmz!ofx!pof-!boe!ju!ibt!
qsfwjpvtmz!cffo!tuvejfe!cz!tubujtujdjbot!boe!fdpopnfusjdjbot-!qbsujdvmbsmz!jo!uif!dpoufyu!pg!
ujnf.tfsjft!gpsfdbtujoh/!Jo!b!tfnjobm!xpsl-!Cbuft!boe!Hsbohfs!)2:7:-!qq/!562Ɵ79*!pctfswfe!
uibu!Ƥdpncjofe!gpsfdbtut!zjfme!mpxfs!nfbo.trvbsf!fssps!uibo!fjuifs!pg!uif!psjhjobm!gpsfdbtut/ƥ!
Pwfs!ujnf-!tfwfsbm!dpncjobujpo!nfuipet!ibwf!cffo!efwfmpqfe-!jodmvejoh!tjnqmf!bwfsbhjoh-!
ujnf.xfjhiufe!boe!qfsgpsnbodf.xfjhiufe!ftujnbujpot-!opomjofbs!dpncjobujpo-!boe!dpncjojoh!
cz!mfbsojoh!)Xboh-!Izoenbo-!Mj-!boe!Lboh!3134*/!Dpncjojoh!jt!ejsfdumz!sfmbufe!up!b!tqfdjbm!dbtf!
pg!fotfncmf!mfbsojoh!lopxo!bt!tubdljoh-!xijdi!J!xjmm!ejtdvtt!mbufs/!Cz!bhhsfhbujoh!qsfejdujpot-!
fotfncmf!npefmt!sfevdf!uif!jnqbdu!pg!fsspst!boe!opjtf!uibu!nbz!fyjtu!jo!joejwjevbm!qsfejdujpot-!
fobcmjoh!uifn!up!bdijfwf!hsfbufs!pwfsbmm!bddvsbdz-!sfmjbcjmjuz-!boe!tubcjmjuz/

Ensemble Methods
Jo!qsjodjqmf-!fotfncmf!nfuipet!tibsf!uxp!nbjo!dpnqpofout;!b!ejwfstf!tfu!pg!qsfejdujwf!Ƥcbtf!
mfbsofsƥ!npefmt!usbjofe!po!tbnqmfe!tvctfut!pg!usbjojoh!ebub!boe!b!dpncjobujpo!nfdibojtn-!
tvdi!bt!bwfsbhjoh!ps!wpujoh-!vtfe!up!bhhsfhbuf!uif!qsfejdujpot!gspn!uiftf!cbtf!mfbsofst!
)Gmbdi!3123*/!Cspbemz!tqfbljoh-!fotfncmf!nfuipet!gbmm!joup!pof!pg!uisff!dbufhpsjft;!cbhhjoh-!
cpptujoh-!boe!nfub.mfbsojoh/!Jo!uijt!tfdujpo-!xf!sfwjfx!uiftf!dbufhpsjft-!bt!xfmm!bt!tpnf!
qspqfsujft!boe!qpttjcmf!esbxcbdlt!pg!fotfncmf!mfbsojoh!nfuipet/

Cbhhjoh
Tipsu!gps!Ƥcpputusbqqfe!bhhsfhbujoh-ƥ!cbhhjoh!jt!bo!jotubodf!pg!fotfncmf!bwfsbhjoh!xifsf!
b!ejwfstf!hspvq!pg!cbtf!npefmt!jt!efwfmpqfe!boe!dpncjofe!xjui!uif!foe!hpbm!pg!jnqspwjoh!
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uif!tubcjmjuz!boe!bddvsbdz!pg!dmbttjgjdbujpo!boe!sfhsfttjpo!bmhpsjuint/!Uiftf!cbtf!npefmt!bsf!
cvjmu!joefqfoefoumz!uispvhi!sfqfbufemz!cpputusbqqjoh!)j/f/-!sboepn!tbnqmjoh!xjui!sfqmbdf.
nfou*!gspn!uif!usbjojoh!ebub!)tff!Exhibit 1*/!Cbhhjoh!jt!qbsujdvmbsmz!fggfdujwf!cfdbvtf!pg!uif!
qpttjcjmjuz!pg!uif!dbmdvmbujpo!pg!tp.dbmmfe!pvu.pg.cbh!fssps;!uif!bwfsbhf!pg!uif!fsspst!gspn!
fbdi!joefqfoefoumz!efwfmpqfe!npefm!fwbmvbufe!po!uif!votfmfdufe!tvctfu!pg!usbjojoh!ebub!
evsjoh!uif!cpputusbqqjoh/!Pvu.pg.cbh!fssps!ftujnbujpo!jt!bo!fggfdujwf!nfdibojtn!tjnjmbs!up!
dsptt.wbmjebujpo-!mfbejoh!up!cfuufs!npefm!dbmjcsbujpo!boe!pwfsbmm!jnqspwfnfou!pg!qsfejdujpot/

Qfsibqt!uif!cftu.lopxo!fybnqmf!pg!cbhhjoh!jo!nbdijof!mfbsojoh!jt!uif!sboepn!gpsftut!
bmhpsjuin!)Csfjnbo!3112*/!Sboepn!gpsftut!bsf!hfofsbufe!cz!cvjmejoh!b!mbshf!dpmmfdujpo!pg!
ef.dpssfmbufe!boe!qpttjcmz!effq!efdjtjpo!usfft!boe!uifo!dpncjojoh!uifn!uispvhi!bwfsbhjoh!
jo!sfhsfttjpo!ps!nbkpsjuz!wpujoh!jo!dmbttjgjdbujpo!)tff!Exhibit 2*/!Efdjtjpo!usfft!mfbso!cz!sfdvs.
tjwf!qbsujujpojoh!pg!uif!gfbuvsf!tqbdf!boe!dmbttjgzjoh!nfncfst!pg!b!qpqvmbujpo!cz!tfqbsbujoh!

Fyijcju!2/!B!Cpputusbqqfe!Bhhsfhbujpo!Fotfncmf

Bwfsbhjoh0
Nbkpsjuz
Wpujoh

Gjobm!Qsfejdujpo

Xfbl
Mfbsofst

XM2

XM3

ƪ

XMo

Qsfejdujpot

Q2

Q3

ƪ

Qo

Usbjojoh!Ebub

Sboepn
Tbnqmft

T2

T3

ƪ

To

Fyijcju!3/!B!Sboepn!Gpsftu!Npefm

Sboepn!tvctfu`2 Sboepn!tvctfu`oSboepn!tvctfu`3

...

Qsfejdujpo`2 Qsfejdujpo`3 Qsfejdujpo`o

Usbjojoh!Ebub

Bwfsbhjoh0Nbkpsjuz!Wpujoh

Gjobm!Qsfejdujpo
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ju!joup!tvcqpqvmbujpot!cbtfe!po!wbsjpvt!ejdipupnpvt!joefqfoefou!wbsjbcmft/!Efdjtjpo!usfft!
ibwf!eftjsbcmf!qspqfsujft-!jodmvejoh!bvupnbujd!wbsjbcmf!tfmfdujpo-!iboemjoh!njyfe!gfbuvsft!boe!
njttjoh!wbmvft-!boe!tdbmbcjmjuz/!Uif!efqui!boe!csfbeui!pg!efdjtjpo!usfft!fobcmft!uifn!up!dbq.
uvsf!mpdbm!qbuufsot!jo!usbjojoh!ebub!boe!sfevdf!cjbt/!Cfdbvtf!uiftf!usfft!bsf!jefoujdbmmz!ejtusjc.
vufe-!bo!fotfncmf!dpotjtujoh!pg!uif!bwfsbhf!pg!uiptf!usfft!ibt!uif!tbnf!cjbt!bt!uif!joejwjevbm!
usfft/!Jg!uiftf!usfft!bsf!hspxo!po!uif!sboepn!tvctfut!pg!ebub!boe!joqvu!wbsjbcmft-!uifjs!qbjsxjtf!
dpssfmbujpo!jt!sfevdfe!up!uif!fyufou!uibu!uif!cbhhfe!fotfncmf!dpotjtujoh!pg!b!tvggjdjfoumz!mbshf!
ovncfs!pg!usfft!dbo!bdijfwf!bo!pwfsbmm!mpxfs!wbsjbodf!)Ibtujf-!Ujctijsboj-!boe!Gsjfenbo!3128*/

Ufdiojdbmmz-!gps!n!joefqfoefoumz!boe!jefoujdbmmz!ejtusjcvufe!efdjtjpo!usff!qsfejdujpot!xjui!
wbsjbodf!σ3-!uifjs!bwfsbhf!ibt!b!wbsjbodf!pg!σ

3

n /!Xifo!qsfejdujpot!bsf!opu!joefqfoefou!zfu!uifjs!

nbyjnvn!qbjsxjtf!dpssfmbujpo!jt!cpvoefe!cz!ρ-!uif!wbsjbodf!pg!uifjs!bwfsbhf!jt!cpvoefe!cz!
− ρ σρσ +

3
3 )2 *

n /!Jo!puifs!xpset-!b!sboepn!tfmfdujpo!pg!joqvu!wbsjbcmft!xjmm!sfevdf!uif!nbyjnvn!
qbjsxjtf!dpssfmbujpo-!ρ!)ifodf!sfevdjoh!uif!gjstu!ufsn*-!boe!bo!jodsfbtf!jo!uif!ovncfs!pg!efdjtjpo!
usfft-!n-!xjmm!sfevdf!uif!tfdpoe!ufsn-!sftvmujoh!jo!pwfsbmm!sfevdujpo!pg!uif!wbsjbodf/!Gps!bo!fmf.
hbou!fyqptjujpo!boe!ufdiojdbm!ejtdvttjpo!po!tfwfsbm!qspqfsujft!pg!sboepn!gpsftut-!tff!Csfjnbo!
)3112*/!Uif!jnqmfnfoubujpo!pg!fotfncmf.cbtfe!nfuipet!gps!dmbttjgjdbujpo-!sfhsfttjpo-!boe!
bopnbmz!efufdujpo!jt!tusbjhiugpsxbse!jo!qsbdujdf/!Gps!fybnqmf-!jo!Qzuipo-!nboz!tvdi!npefmt!dbo!
cf!dsfbufe!vtjoh-!bnpoh!puifst-!uif!tdjlju.mfbso!mjcsbsz/!Uif!gpmmpxjoh!jt!bo!fybnqmf!dpef!gps!
dsfbujoh!uif!sboepn!gpsftu!dmbttjgjdbujpo!npefm!jo!Qzuipo;

gspn!tlmfbso/fotfncmf!jnqpsu!SboepnGpsftuDmbttjgjfs

gspn!tlmfbso/npefm`tfmfdujpo!jnqpsu!usbjo`uftu`tqmju

$dsfbuf!b!tzouifujd!ebubtfu

gspn!tlmfbso/ebubtfut!jnqpsu!nblf`dmbttjgjdbujpo

Y-!z!>!nblf`dmbttjgjdbujpo)o`tbnqmft>2111-!o`gfbuvsft>21-!o`jogpsnbujwf>7-!
sboepn`tubuf>234*

$Tqmju!uif!ebubtfu!joup!91&!usbjojoh!boe!31&!uftujoh!tfut

Y`usbjo-!Y`uftu-!z`usbjo-!z`uftu!>!usbjo`uftu`tqmju)Y-!z-!uftu`tj{f>1/3-!sboepn`tubuf>234*

$usbjo!b!Sboepn!Gpsftu!npefm!boe!qsfejdu

npefm!>!SboepnGpsftuDmbttjgjfs)sboepn`tubuf>234*

npefm/gju)Y`usbjo-!z`usbjo*

npefm/qsfejdu)Y`uftu*

$nfbo!bddvsbdz

npefm/tdpsf)Y`uftu-z`uftu*
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Cpptujoh
Cpptujoh!jt!tjnjmbs!up!cbhhjoh!jo!uibu!ju!cfofgjut!gspn!ebub!tbnqmjoh!boe!wbsjbcmf!tbnqmjoh-!bt!xfmm!
bt!jo!uif!qspqfsuz!pg!dpncjojoh!tfwfsbm!cbtf!mfbsofst/!Jo!cpptujoh-!ipxfwfs-!vomjlf!cbhhjoh-!uif!
cbtjd!nfdibojtn!jt!cjbt!sfevdujpo-!qbsujdvmbsmz!vtjoh!tibmmpx!usfft/!Jo!beejujpo-!cbtf!mfbsofst!bsf!
usbjofe!tfrvfoujbmmz!up!dpssfdu!uif!fsspst!pg!uif!qsfwjpvt!mfbsofst/!Uif!psjhjobm!cpptujoh!dmbttjgjfs-!
BebCpptu-!qspqptfe!cz!Gsfvoe!boe!Tdibqjsf!)2::7*-!xpslt!cz!tfrvfoujbmmz!usbjojoh!xfbl!dmbttjgj.
fst!uibu!gpdvt!po!uif!njtublft!pg!uif!qsfwjpvt!poft!cz!bttjhojoh!ijhifs!xfjhiut!up!njtdmbttjgjfe!
tbnqmft/!Uif!gjobm!qsfejdujpo!jt!b!xfjhiufe!tvn!pg!uif!joejwjevbm!mfbsofstƢ!pvuqvut!)tff!Exhibit 3*/!
Opuxjuituboejoh!jut!tvqfsjps!qsfejdujwf!bddvsbdz-!uif!BebCpptu!nfuipe!jt!mftt!sfbejmz!joufsqsfub.
cmf!uibo!efdjtjpo!usfft!boe!sfrvjsft!b!mpohfs!usbjojoh!ujnf/

Uif!hsbejfou!cpptufe!npefm!)HCN*!qspqptfe!cz!Gsjfenbo!)3112*!ibt!qspwfe!up!cf!b!qpqvmbs!
bmufsobujwf!cpptujoh!nfuipe!cfdbvtf!ju!njujhbuft!tpnf!pg!BebCpptuƢt!qspcmfnt/!Uif!HCN!
xpslt!cz!tfrvfoujbmmz!beejoh!ofx!usff!qsfejdupst!boe!uszjoh!up!gju!uif!ofx!qsfejdups!up!uif!sftje.
vbm!fsspst!cz!uif!qsfwjpvt!usff-!xijdi!hsbevbmmz!jnqspwft!qsfejdujpot!bt!ofx!usfft!bsf!beefe!
)Hêspo!312:*/!Opubcmz-!sfdfou!bewbodfnfout!jo!cpptujoh!bmhpsjuintƠgps!fybnqmf-!YHCpptu!
)Difo!boe!Hvftusjo!3127*!boe!MjhiuHCN!)Lf-!Nfoh-!Gjofmz-!Xboh-!Difo-!Nb-!Zf-!boe!Mjv!3128*Ơ
gpdvt!po!sfhvmbsj{bujpo-!bebqubcjmjuz-!fggjdjfodz-!boe!tdbmbcjmjuz-!xijmf!nbjoubjojoh!ijhi!bddvsbdz/!
Uif!gpmmpxjoh!jt!bo!fybnqmf!dpef!gps!dsfbujoh!uif!hsbejfou!cpptufe!sfhsfttjpo!npefm!jo!Qzuipo;

gspn!tlmfbso/ebubtfut!jnqpsu!nblf`sfhsfttjpo

gspn!tlmfbso/fotfncmf!jnqpsu!HsbejfouCpptujohSfhsfttps

gspn!tlmfbso/npefm`tfmfdujpo!jnqpsu!usbjo`uftu`tqmju

$dsfbuf!b!tzouifujd!ebubtfu

Y-!z!>!nblf`sfhsfttjpo)o`tbnqmft>2111-!o`gfbuvsft>21-!o`jogpsnbujwf>7-!
sboepn`tubuf>234*

$Tqmju!uif!ebubtfu!joup!91&!usbjojoh!boe!31&!uftujoh!tfut

Y`usbjo-!Y`uftu-!z`usbjo-!z`uftu!>!usbjo`uftu`tqmju)Y-!z-!uftu`tj{f>1/3-!sboepn`tubuf>234*

$usbjo!b!npefm-!qsfejdu!boe!tdpsf

npefm!>!HsbejfouCpptujohSfhsfttps)sboepn`tubuf>234*

npefm/gju)Y`usbjo-!z`usbjo*

npefm/qsfejdu)Y`uftu*

$uif!dpfggjdjfou!pg!efufsnjobujpo!S.trvbsfe

npefm/tdpsf)Y`uftu-!z`uftu*
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Nfub.Mfbsojoh
Nfub.mfbsojoh!jowpmwft!usbjojoh!b!tfu!pg!cbtf!npefmt!boe!bmtp!usbjojoh!b!nfub.npefm!up!dpncjof!
uifn!jo!psefs!up!bdijfwf!uif!hsfbuftu!cjbtƟwbsjbodf!usbef.pggt/!Gps!fybnqmf-!vtjoh!bt!ofx!joqvu!
gfbuvsft!uif!qsfejdujpot!gspn!tfwfsbm!ejwfstf!cbtf!mfbsofst!)f/h/-!dpotjtujoh!pg!b!mjofbs!npefm-!
nvmujqmf!usfft-!boe!b!ofvsbm!ofuxpsl*-!b!mjofbs!nfub.npefm!dbo!cf!vtfe!up!mfbso!uif!xfjhiut!up!
cftu!dpncjof!uiftf!qsfejdujpot!)Gmbdi!3123*/

Bmufsobujwfmz-!b!mphjtujd!sfhsfttjpo-!b!efdjtjpo!usff-!ps!bo!fwfo!npsf!dpnqmfy!npefm!dbo!cf!
vtfe!bt!b!nfub.npefm!cz!gpmmpxjoh!uif!tbnf!jefb!uibu!qsfejdujpot!gspn!cbtf!mfbsofst!bsf!joqvu!
gfbuvsft!up!uif!nfub.npefm!)bt!tipxo!jo!Fyijcju!4*/!Uijt!bqqspbdi!jt!bmtp!lopxo!bt!tubdlfe!
hfofsbmj{bujpo!)Xpmqfsu!2::3*!ps!tjnqmz!npefm!tubdljoh-!bt!tipxo!jo!Exhibit 4/!Tubdljoh!vtvbmmz!
jowpmwft!ftujnbujoh!xfjhiut!gps!fbdi!cbtf!mfbsofs!vtjoh!uif!mfbtu!trvbsft!nfuipe/!Uiftf!
xfjhiut!dbo!cf!sftusjdufe!up!wbmvft!hsfbufs!uibo!{fsp!boe!xjui!b!upubm!tvn!pg!pof!uibu!tpmwf!uif!
bttpdjbufe!rvbesbujd!qsphsbnnjoh/!Uijt!bqqspbdi!ibt!uif!bewboubhf!uibu!ftujnbufe!xfjhiut!
dbo!cf!joufsqsfufe!bt!qspcbcjmjuz!wbmvft!boe!bmtp!bwpjet!hjwjoh!upp!nvdi!xfjhiu!up!cbtf!npefmt!
xjui!ijhi!dpnqmfyjuz/!Pof!lfz!dpotjefsbujpo!xijmf!usbjojoh!nfub.npefmt!jt!up!vtf!b!wbmjebujpo!
tbnqmf!uibu!jt!ejggfsfou!gspn!uif!ebub!vtfe!jo!usbjojoh!cbtf!mfbsofst-!tp!bt!up!bwpje!qspqbhbujoh!
boz!cjbtft!jo!uif!cbtf!mfbsofst/

Uif!gpmmpxjoh!jt!bo!fybnqmf!Qzuipo!dpef!gps!dsfbujoh!b!tubdlfe!dmbttjgjfs!cz!vtjoh!b!sboepn!
gpsftu!boe!b!tvqqpsu!wfdups!dmbttjgjfs!bt!uif!cbtf!npefmt!boe!mphjtujd!sfhsfttjpo!bt!uif!
nfub.mfbsofs;

Fyijcju!4/!Fybnqmf!Cpptujoh!Nfdibojtn!Dpotjtujoh!pg!Efdjtjpo!
Usff!Cbtf!Mfbsofst

Usbjojoh!Ebub

Gjobm!Qsfejdujpo

T2

T3

ƪ

To

EU2

EU3

ƪ

EUo Fo

Xfjhiufe!FsspstUsbjojoh!Tvctfut Xfbl!Mfbsofst

F2

F3

ƪ
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gspn!tlmfbso/fotfncmf!jnqpsu!SboepnGpsftuDmbttjgjfs

gspn!tlmfbso/twn!jnqpsu!MjofbsTWD

gspn!tlmfbso/mjofbs`npefm!jnqpsu!MphjtujdSfhsfttjpo

gspn!tlmfbso/qsfqspdfttjoh!jnqpsu!TuboebseTdbmfs

gspn!tlmfbso/qjqfmjof!jnqpsu!nblf`qjqfmjof

gspn!tlmfbso/fotfncmf!jnqpsu!TubdljohDmbttjgjfs

$dsfbuf!b!tzouifujd!ebubtfu

gspn!tlmfbso/ebubtfut!jnqpsu!nblf`dmbttjgjdbujpo

Y-!z!>!nblf`dmbttjgjdbujpo)o`tbnqmft>2111-!o`gfbuvsft>26-!o`jogpsnbujwf>7-!
sboepn`tubuf>234*

$Tqmju!uif!ebubtfu!joup!91&!usbjojoh!boe!31&!uftujoh!tfut

gspn!tlmfbso/npefm`tfmfdujpo!jnqpsu!usbjo`uftu`tqmju

Y`usbjo-!Y`uftu-!z`usbjo-!z`uftu!>!usbjo`uftu`tqmju)Y-!z-!uftu`tj{f>1/3-!sboepn`tubuf>234*

$usbjo!b!nfub.npefm!boe!qsfejdu

ftujnbupst!>!\)ơsgƢ-!SboepnGpsftuDmbttjgjfs)o`ftujnbupst>211-!sboepn`tubuf>234**-

)ơtwsƢ-!nblf`qjqfmjof)TuboebseTdbmfs)*-

MjofbsTWD)sboepn`tubuf>234***^

dmg!>!TubdljohDmbttjgjfs)ftujnbupst>ftujnbupst-!gjobm`ftujnbups>MphjtujdSfhsfttjpo)**

dmg/gju)Y`usbjo-!z`usbjo*

tdpsf)Y`uftu-!z`uftu*

Qspqfsujft!pg!Fotfncmf!Mfbsojoh!Nfuipet
Cfgpsf!mjtujoh!nbkps!jotubodft!pg!uif!gjobodjbm!bqqmjdbujpot!pg!fotfncmf!npefmt-!J!xbou!up!ijhi.
mjhiu!jnqpsubou!gfbuvsft!boe!nfdibojtnt!bttpdjbufe!xjui!tvdi!npefmt!uibu!bsf!lfz!up!uifjs!
xjeftqsfbe!bepqujpo;

	● Uif!cpputusbqqfe!bhhsfhbujpo!ps!jufsbujwf!dpssfdujpo!nfdibojtnt!eftdsjcfe!qsfwjpvtmz!
jnqmz!uibu!fotfncmf!npefmt!nbz!bdijfwf!pqujnbm!cjbtƟwbsjbodf!usbef.pggt-!sfevdfe!sjtl!pg!
pwfsgjuujoh-!boe!jnqspwfe!spcvtuoftt!up!opjtf!boe!pvumjfst/!Uiftf!gfbuvsft!nblf!fotfncmft!
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b!qpxfsgvm!dipjdf!gps!qsfejdujwf!ubtlt!uibu!sfrvjsf!hppe!pvu.pg.tbnqmf!hfofsbmj{bujpot!
po!ijhi.wbsjbodf-!mpx.tjhobm.up.opjtf!gjobodjbm!ebubtfut/

	● Fotfncmf!npefmt!tdbmf!xfmm!xjui!mbshf!ebubtfut-!nbljoh!uifn!tvjubcmf!gps!cjh!ebub!jo!
gjobodf/!Jo!qbsujdvmbs-!uifz!dbo!iboemf!wbsjpvt!joefqfoefou!ps!joufsefqfoefou!wbsjbcmft-!
jodmvejoh!gjsn!gvoebnfoubmt-!nbdspfdpopnjd!gbdupst-!boe!nbslfu!tfoujnfout-!boe!gpdvt!
po!uif!nptu!sfmfwbou!wbsjbcmft!uibu!hfofsbuf!uif!tuspohftu!tjhobmt/

	● Gjobodjbm!tztufnt!bsf!dpnqmfy-!opomjofbs-!boe!svmfe!cz!ejggfsfou!nbslfu!sfhjnft!boe!
fdpopnjd!dzdmft/!Uifz!dpotjtu!pg!ovnfspvt!wbsjbcmft!uibu!nbz!cfibwf!boe!joufsbdu!
vofyqfdufemz!voefs!wpmbujmf!boe!bcopsnbm!djsdvntubodft/!Ifufsphfofpvt!fotfncmf!
nfuipet-!qbsujdvmbsmz!sfhsfttjpo!usfft-!dpncjof!npefmt!pg!ejggfsfou!uzqft!up!dbquvsf!nvmuj.
xbz!qsfejdups!joufsbdujpot-!bmmpxjoh!gmfyjcjmjuz!jo!dbquvsjoh!wbsjpvt!qbuufsot!jo!gjobodjbm!ebub!
boe!tvctfrvfoumz!bebqujoh!up!opomjofbs!boe!tipsu.mjwfe!ezobnjdt/

	● Fotfncmf!npefmt!dbo!fbtjmz!bddpnnpebuf!nboz!ebub!qsfqspdfttjoh!boe!bekvtunfou!
tusbufhjft!)tvdi!bt!cbmbodfe!cbhhjoh!ps!xfjhiufe!cpptujoh*!up!iboemf!sbsf!boe!jncbmbodfe!
ebub-!pgufo!fodpvoufsfe!jo!gsbve!efufdujpo-!dsfeju!efgbvmu!qsfejdujpo-!fdpopnjd!sfdfttjpo-!
boe!fyusfnf!sjtl!fwfout/

	● Fyqmbjobcjmjuz!ufdiojrvft!gps!usff.cbtfe!fotfncmft!nbz!cf!vtfe!up!nblf!uiftf!npefmt!
npsf!usbotqbsfou!cz!fyqmbjojoh!uifjs!qsfejdujpot/!Gps!fybnqmf-!gfbuvsf!jnqpsubodf!tdpsft!
jefoujgz!jogmvfoujbm!qsfejdupst-!boe!Tibqmfz!wbmvft!)Tibqmfz!2:64*!qspwjef!mpdbm!buusjcvujpo!
bobmztjt!pg!uif!qsfejdujpot/!Uiftf!ufdiojrvft!hsfbumz!bje!jo!voefstuboejoh!uif!efdjtjpo.!
nbljoh!qspdfttft/

Fotfncmf!Mfbsojoh!Dibmmfohft
Eftqjuf!tuspoh!qsfejdujwf!qfsgpsnbodf-!vtjoh!fotfncmf!mfbsojoh!nbz!dpnf!xjui!dfsubjo!dibm.
mfohft-!bmuipvhi!bshvbcmz!opu!bt!nvdi!bt!xjui!tpnf!puifs!nbdijof!mfbsojoh!boe!effq!mfbsojoh!
ufdiojrvft/!Gjstu-!fotfncmf!npefmt!nbz!cf!dpotjefsfe!cmbdl!cpyft!xjuipvu!vtjoh!joufsqsfu.
bcjmjuz!uppmt-!nbljoh!ju!b!dibmmfohf!up!fyqmbjo!qsfejdujpot!up!opoufdiojdbm!tublfipmefst!boe!
sfevdjoh!usvtu!jo!dsjujdbm!bqqmjdbujpot/!Jo!beejujpo-!usbjojoh!boe!qsfejdujoh!xjui!fotfncmf!npefmt!
pgufo!sfrvjsf!tjhojgjdbou!dpnqvubujpobm!sftpvsdft-!qbsujdvmbsmz!gps!mbshf!ebubtfut!ps!dpnqmfy!
npefmt/!Bt!tvdi-!dpnqbsfe!xjui!tjnqmfs!npefmt-!efqmpzjoh!fotfncmf!npefmt!jo!qspevdujpo!

Fyijcju!5/!Fybnqmf!Npefm!Tubdljoh-!Xifsf!Cbtf!MfbsofstƢ!
Qsfejdujpot!Bsf!Qbttfe!Uispvhi!b!Nfub.Mfbsofs

Ofx!Usbjojoh
Ebub

Npefm!Tubdl

Usbjojoh!Ebub

Efdjtjpo!Usff

LOO

TWN

Sboepn!Gpsftu

Q2

Q3

Q4

Q5

Mphjtujd
Sfhsfttjpo Gjobm!Qsfejdujpo
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fowjsponfout!dbo!cf!npsf!dibmmfohjoh!cfdbvtf!pg!uifjs!mbshfs!tj{f-!npsf!dpnqmfy!qjqfmjoft-!boe!
fyusb!dpnqvubujpobm!efnboet/

Jo!qbsujdvmbs-!hsbejfou!cpptujoh!bmhpsjuint!dbo!cf!tmpx!up!usbjo!cfdbvtf!pg!uifjs!tfrvfoujbm!
usff.cvjmejoh!qspdftt!boe!uif!dpnqmfyjuz!pg!uif!izqfsqbsbnfufs!uvojoh!qspdftt/!Xjuipvu!bef.
rvbuf!dbmjcsbujpo-!fjuifs!pwfsgjuujoh!ps!voefsgjuujoh!jt!qpttjcmf/!Gjobmmz-!gpmmpxjoh!uif!Ƥop!gsff!
mvodiƥ!uifpsfn!)Xpmqfsu!2::7*-!xijdi!tubuft!uibu!uifsf!jt!op!cftu!tjohmf!nbdijof!mfbsojoh!
bmhpsjuin!gps!bmm!qpttjcmf!qsfejdujpo!qspcmfnt-!pof!dpvme!bshvf!uibu!uifsf!bsf!ovnfspvt!sfbm.
xpsme!ebubtfut!boe!qsfejdujpo!qspcmfnt!gps!xijdi!fotfncmf!npefmt!xjmm!opu!cf!uif!upq!qfs.
gpsnfst/!Jo!tvdi!djsdvntubodft-!puifs!npefmt!boe!bmhpsjuint!bsf!sfrvjsfe-!efqfoejoh!po!uif!
ƤtqffeƟbddvsbdzƟdpnqmfyjuz!usbef.pggtƥ!)Xpmqfsu!3113*/

Applications of Ensemble Learning in Finance
B!rvjdl!tvswfz!pg!uif!mjufsbuvsf!qvcmjtife!jo!uif!mbtu!gfx!zfbst!qpjout!up!tfwfsbm!gjobodjbm!bqqmj.
dbujpot!pg!fotfncmf!mfbsojoh-!vtvbmmz!xjui!b!dpotjefsbcmf!mfwfm!pg!tvddftt!dpnqbsfe!xjui!
dmbttjdbm!nfuipet/!Ju!jt!opu!qpttjcmf!up!sfwjfx!ps!wbmjebuf!bmm!uif!jotubodft!mjtufe!jo!uif!mjufsbuvsf-!
cvu!J!xjmm!ijhimjhiu!b!tnbmm!tvctfu!pg!tvdi!bqqmjdbujpot!gspn!ejggfsfou!dbufhpsjft-!xijdi!tipvme!
qspwjef!b!hppe!qfstqfdujwf!po!uif!wbsjfuz!boe!dpnqbsbujwf!qfsgpsnbodf!pg!fotfncmf!npefmt/!
Uiftf!ijhimjhiufe!fybnqmft!dbo!cf!hspvqfe!joup!uif!gpmmpxjoh!)mpptfmz!efgjofe-!tpnfxibu!
pwfsmbqqjoh*!uisff!dbufhpsjft;!qpsugpmjp!nbobhfnfou-!wpmbujmjuz!gpsfdbtujoh!boe!pqujpo!qsjdjoh-!
boe!njtdfmmbofpvt!bqqmjdbujpot/

Qpsugpmjp!Nbobhfnfou
Qpsugpmjp!nbobhfnfou!fodpnqbttft!wbsjpvt!bdujwjujft!sfmbufe!up!jowftunfou!tfmfdujpo-!qpsugpmjp!
dpotusvdujpo-!boe!bttfu!bmmpdbujpo!pqujnj{bujpo!jo!psefs!up!nffu!uif!tipsu.!boe!mpoh.ufsn!
gjobodjbm!pckfdujwft!boe!sjtl!upmfsbodf!pg!bo!jowftups!ps!bo!jotujuvujpo/!Uijt!ebub.joufotjwf!qsp.
dftt!uzqjdbmmz!jowpmwft!bobmz{joh!gbdupst!boe!ijtupsjdbm!sfuvsot-!ftujnbujoh!npefm!qbsbnfufst-!
gpsfdbtujoh!sjtl!qsfnjvn!ps!dpoejujpobm!fyqfdufe!tupdl!sfuvsot!jo!fydftt!pg!uif!sjtl.gsff!sbuf-!
boe!pddbtjpobmmz!ftujnbujoh!qpsugpmjp!xfjhiut/

Cross-Section of Stock Returns

Bttfu!sfuvso!qsfejdujpo!boe!uif!jefoujgjdbujpo!pg!qsfejdupst!pg!sfuvsot!bsf!bnpoh!uif!
gvoebnfoubm!upqjdt!jo!bttfu!qsjdjoh!sftfbsdi/!Bmuipvhi!usbejujpobm!gbdups!npefmtƠtvdi!bt!uif!
DBQN!boe!jut!fyufotjpot-!jodmvejoh!uif!uisff.gbdups!boe!gjwf.gbdups!GbnbƟGsfodi!npefmtƠ
bsf!xjefmz!vtfe!up!fyqmbjo!ijtupsjdbm!sfuvsot!pg!ejwfstjgjfe!qpsugpmjpt-!qsbdujujpofst!dpotjefs!
uifn!fnqjsjdbmmz!jobefrvbuf!up!qsfejdu!sfuvsot!voefs!wbsjpvt!nbslfu!sfhjnft/!Tvctfrvfoumz-!
b!qmfuipsb!pg!gbdupst!)uif!Ƥgbdups!{ppƥ*!ibwf!cffo!qspqptfe!bt!dboejebuf!qsfejdupst!pg!
dsptt.tfdujpobm!wbsjbujpot!jo!fyqfdufe!sfuvsot/

Bnpoh!uif!wbsjpvt!hspvqt!pg!tvdi!gbdupst!bsf!gjobodjbm-!nbdsp-!njdsptusvduvsf-!cfibwjpsbm-!
boe!bddpvoujoh!gbdupst-!nboz!pg!xijdi!nbz!cf!wjfxfe!bt!cfmpohjoh!up!uif!cspbefs!dbufhpsjft!
pg!dpnnpo!tpvsdft!pg!sjtl!ps!jejptzodsbujd!dibsbdufsjtujdt!uibu!qfsubjo!up!bo!joejwjevbm!gjsn!
ps!qpsugpmjp!)Ibswfz-!Mjv-!boe![iv!3127*/!Obuvsbmmz-!pof!nbz!btl!xijdi!pof!pg!uiftf!gbdupst!
qspwjeft!fggfdujwf!boe!joefqfoefou!jogpsnbujpo!bcpvu!uif!dsptt.tfdujpo!pg!sfuvsot/!Ifsf-!uif!
fnqibtjt!jt!qmbdfe!po!fggjdbdz!boe!joefqfoefodf!xjuijo!uif!dpoufyu!pg!uif!jobefrvbdz!pg!
tjnqmf!mjofbs!npefmt!jo!pvu.pg.tbnqmf!qsfejdujpot!jo!uif!qsftfodf!pg!nvmujdpmmjofbsjuz!boe!opjtf/
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tipsu.ufsn!up!mpoh.ufsn!sfbmj{fe!wpmbujmjuz!bt!usbejoh!tjhobmt-!pvuqfsgpsnt!uif!Ƥop!jogpsnb.
ujpoƥ!frvbm.xfjhiu!qpsugpmjp-!bt!nfbtvsfe!cz!wbsjpvt!pvu.pg.tbnqmf!qfsgpsnbodf!nfusjdt/!
Uif!bvuipst!bshvf!uibu!uijt!bqqspbdi!qspwjeft!bo!fggfdujwf!xbz!up!jogpsn!cpui!sjtl!bobmztjt!
boe!qpsugpmjp!nbobhfnfou/

Wpmbujmjuz!Gpsfdbtujoh!boe!Pqujpo!Qsjdjoh
Rvboujubujwf!gjobodf-!bmtp!lopxo!bt!gjobodjbm!nbuifnbujdt-!sfgfst!up!uif!bewbodfe!nbuifnbujdbm!
npefmt!vtfe!gps!uif!qsjdjoh!pg!efsjwbujwf!tfdvsjujft!boe!qpsugpmjp!sjtl!nbobhfnfou/!B!tvcdbuf.
hpsz!pg!rvboujubujwf!gjobodf!jt!gjobodjbm!fohjoffsjoh-!xijdi!vtft!dpnqvubujpobm!tjnvmbujpot!gps!
qsjdjoh-!usbejoh-!ifehjoh-!boe!puifs!bdujwjujft/!Uijt!jt!b!ebub.joufotjwf!qspdftt!jo!xijdi!nbdijof!
mfbsojoh!dbo!cf!sfbejmz!vtfe/

Volatility Forecasting

Bo!bddvsbuf!nfbtvsfnfou!pg!wpmbujmjuz!jt!pg!qbsbnpvou!jnqpsubodf!jo!gjobodjbm!sjtl!
nbobhfnfou-!bttfu!qsjdjoh-!efsjwbujwf!qsjdjoh-!boe!ftujnbujoh!fyqfdufe!sfuvsot!pg!qpsugpmjpt/!
Usbejujpobmmz-!wpmbujmjuz!ftujnbujpo!npefmt!ibwf!sfmjfe!po!b!iboegvm!pg!tubujtujdbm!jogfsfodf!nfui.
pet!boe!b!mjnjufe!hspvq!pg!qsfejdupst/!Jo!mjhiu!pg!uif!bwbjmbcjmjuz!pg!ijhi.gsfrvfodz!qsjdf!ebub-!
hspxjoh!tfut!pg!dboejebuf!wbsjbcmft-!boe!tdbmbcmf!dpnqvujoh!qpxfs-!nbdijof!mfbsojoh!nfuipet!
fobcmf!sftfbsdifst!boe!qsbdujujpofst!up!npwf!cfzpoe!tjohmf.uisfbefe!gpsfdbtujoh!nfuipet!
uzqjdbmmz!epnjobufe!cz!b!tnbmm!tfu!pg!qbsujdvmbs!gfbuvsft!ps!bmhpsjuint!boe!up!efwfmpq!tdbmbcmf!
tztufnt!pg!wpmbujmjuz!qsfejdujpo/

Tvdi!tztufnt!dbo!pggfs!sfevdfe!ivnbo!joufswfoujpo!evsjoh!uif!tfmfdujpo!pg!gfbuvsft!boe!
npefmt-!bddpnnpebujoh!bo!fyqboefe!tfu!pg!gfbuvsft!boe!dpouspmmjoh!pwfsgjuujoh!uispvhi!
bvupnbufe!dbmjcsbujpo/!Opubcmz-!Mj!boe!Uboh!)3135*!sfdfoumz!qspqptfe!bo!bvupnbufe!wpmbujmjuz!
gpsfdbtujoh!tztufn!gps!uif!T'Q!211!vojwfstf!uibu!mfwfsbhft!npsf!uibo!211!gfbuvsft!boe!gjwf!
NM!bmhpsjuint!up!qsfejdu!uif!sftqpotf!wbsjbcmf!pg!uif!sfbmj{fe!wbsjbodf!)SW*-!bo!ftujnbups!pg!
uif!rvbesbujd!wbsjbujpo!pg!uif!mph!qsjdf!qspdftt!pwfs!b!hjwfo!qfsjpe-!vtjoh!b!tfu!pg!gfbuvsft!
uibu!jodmvef!nvmujqmf!sfbmj{fe!gfbuvsft!cbtfe!po!SW.cbtfe!npefmt-!tvdi!bt!ifufsphfofpvt!
bvupsfhsfttjwf!)IBS*-!tfnjwbsjbodf!IBS!)TIBS*-!boe!njyfe!ebub!tbnqmjoh!)NJEBT*/

Jo!qbsujdvmbs-!bgufs!fwbmvbujoh!uif!pvu.pg.tbnqmf!qfsgpsnbodf!pg!gjwf!mfbsojoh!bmhpsjuintƠMBTTP!
)mfbtu!bctpmvuf!tisjolbhf!boe!tfmfdujpo!pqfsbups*-!qsjodjqbm!dpnqpofou!sfhsfttjpo!)QDS*-!
sboepn!gpsftu!)SG*-!hsbejfou!cpptufe!sfhsfttjpo!usfft!)HCSU*-!boe!uxp.ijeefo.mbzfs!ofvsbm!ofu.
xpsl!)OO3*Ơuif!bvuipst!bmtp!dpotusvdufe!b!tjnqmf!bwfsbhf!fotfncmf!up!dpncjof!bmm!nbdijof!
mfbsojoh!bmhpsjuint/!Uif!sfqpsufe!fotfncmf!efmjwfsfe!tvqfsjps!qfsgpsnbodf!bdsptt!wbsjpvt!
gpsfdbtu!ipsj{pot<!uif!bvupnbufe!wpmbujmjuz!gpsfdbtujoh!tztufn!bdut!ezobnjdbmmz!boe!cfdpnft!
jodsfbtjohmz!qpxfsgvm!pwfs!ujnf!)Exhibit 7*/!Gps!fybnqmf-!Ƥjo!ufsnt!pg!vujmjuz!hbjot-!uif!fotfncmf!
npefm!efmjwfst!55!npsf!cqt!qfs!zfbs!up!uif!nfboƟwbsjbodf!jowftups!sfmbujwf!up!vtjoh!PMT!gps!
uijt!mbshf!tupdl!vojwfstfƥ!)Mj!boe!Uboh!3135-!qq/!93Ɵ94*/

Option Pricing

Uif!npujwbujpo!up!bqqmz!nbdijof!mfbsojoh!nfuipet!gps!qsjdjoh!pqujpot!boe!efsjwbujwft!jt!
esjwfo!cz!uif!dpnqvubujpobm!ftujnbujpo!dibmmfohft!boe!mjnjubujpot!pg!dmbttjdbm!qbsbnfusjd!
npefmt/!Cz!dpotjefsjoh!pqujpot!bt!gvodujpobm!nbqqjoht!cfuxffo!uif!dpousbdufe!ufsntƢ!joqvut!
)f/h/-!voefsmzjoh!bttfu!boe!ujnf!up!nbuvsjuz*!boe!uif!qsfnjvn!pvuqvu!)f/h/-!b!gjyfe!efwjbujpo!
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gspn!b!ubshfu!qsjdf*-!ebub.esjwfo!boe!nbdijof!mfbsojoh!nfuipet!dbo!cf!bqqmjfe!)Ivudijotpo-!Mp-!
boe!Qphhjp!2::5*/!Jo!b!tuvez!pg!Fvspqfbo!dbmm!pqujpot!xjui!Xftu!Ufybt!joufsnfejbuf!)XUJ*!dsvef!
pjm!gvuvsft!dpousbdut!bt!bo!voefsmzjoh!bttfu!)JwbƇdv!3132*-!nbdijof!mfbsojoh!bmhpsjuint-!qbsujdv.
mbsmz!fotfncmf!nfuipet-!tvdi!bt!YHCpptu!boe!MjhiuHCN-!mbshfmz!pvuqfsgpsnfe!dmbttjd!nfuipet-!
tvdi!bt!CmbdlƟTdipmft!boe!DpssbepƟTv-!xjui!cpui!ijtupsjdbm!boe!jnqmjfe!wpmbujmjuz!qbsbnfufst/

Bid–Ask Spread

Uif!gpsfjho!fydibohf!)GY*!nbslfu!jt!cpui!uif!mbshftu!boe!uif!nptu!mjrvje!gjobodjbm!nbslfu!jo!uif!
xpsme/!Jo!qbsujdvmbs-!cfdbvtf!pg!uif!vofwfo!tqsfbe!pg!mjrvjejuz!bdsptt!ejggfsfou!dvssfodjft!boe!ejg.
gfsfou!nbslfu!ujnft!boe!dpoejujpot-!qsfejdujoh!uif!mjlfmz!dptu!pg!usbejoh!dvssfodjft!bt!nfbtvsfe!
cz!cjeƟbtl!tqsfbet!jt!dsvdjbm!gps!qspgjubcmf!usbejoh/!Bt!tvdi-!uif!GY!nbslfu!jt!b!gfsujmf!qmbzhspvoe!
gps!ebub.esjwfo!boe!NM!nfuipet!tffljoh!up!jefoujgz!boe!cfofgju!gspn!nbslfu!njdsptusvduvsft/

Sfdfoumz-!Ljslcz!boe!Boesfbo!)3135*!jefoujgjfe!wbsjpvt!qsfejdupst!pg!ebjmz!cjeƟbtl!tqsfbet-!
jodmvejoh!ufnqpsbm!gfbuvsft-!tvdi!bt!uif!ebz!pg!uif!xffl!boe!uif!ipvs!pg!ebz!boe!uifjs!joufs.
bdujpot<!wbsjpvt!tqsfbet-!mbht-!boe!npwjoh!bwfsbhft<!boe!sbuf!wpmbujmjuz-!dbquvsjoh!uif!joufsqmbz!
cfuxffo!nbslfu!wpmbujmjuz!boe!cjeƟbtl!tqsfbet!boe!uif!tqjmmpwfs!pg!wpmbujmjuz!cfuxffo!sfmbufe!
nbslfut/!Uifz!pctfswfe!uibu!gspn!bnpoh!tvqfswjtfe!nbdijof!mfbsojoh!bmhpsjuint-!tvckfdu!up!
b!npeftu!mfwfm!pg!izqfsqbsbnfufs!uvojoh-!uif!sboepn!gpsftu!npefm!ibe!uif!cftu!pvu.pg.tbnqmf!
qfsgpsnbodf-!xjui!bo!fdpopnjdbmmz!nfbojohgvm!bcjmjuz!up!gpsfdbtu!uif!ofyu!ebzƢt!tqsfbe!xjui!b!
sfmbujwf!fssps!pg!mftt!uibo!31&!po!bwfsbhf/

Fyijcju!8/!Pvu.pg.Tbnqmf!S2!Sfmbujwf!up!uif!Ijtupsjdbm!Nfbo!
pg!Sfbmj{fe!Wpmbujmjujft!gps!PMT.Cbtfe!Npefmt

Model

Out-of-Sample R2 Relative to Long-Run Mean

Daily Weekly Monthly Quarterly

IBS 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 1/77

HCSU 1/71 1/84 1/84 1/77

OO3 1/73 1/86 1/85 1/76

Fotfncmf 1/73 1/85 1/86 1/78

Tpvsdf;!Fydfsqut!gspn!Ubcmft!B/4!boe!B/5!pg!Mj!boe!Uboh!)3135*-!vtfe!xjui!qfsnjttjpo/
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Njtdfmmbofpvt!Bqqmjdbujpot
Jo!beejujpo!up!uif!qsfwjpvt!fybnqmft-!puifs!bqqmjdbujpot!pg!fotfncmf!mfbsojoh!qvcmjtife!jo!uif!
gjobodjbm!ebub!tdjfodf!mjufsbuvsf!jodmvef!uif!gpmmpxjoh;

	● Efgbvmu!qsfejdujpo!pg!dpnnfsdjbm!sfbm!ftubuf!qspqfsujft!boe!jefoujgjdbujpo!pg!uif!sbujp!pg!uif!
dbqjubmj{bujpo!sbuf!tqsfbe!up!uif!bwfsbhf!dbqjubmj{bujpo!sbuf!tqsfbe!pg!qspqfsuz!uzqf!bt!b!upq!
esjwfs!pg!efgbvmut!)Dpxefo-!Gbcp{{j-!boe!Ob{fnj!312:*

	● Qsfejdubcjmjuz!pg!tupdl!nbslfu!cvccmft!boe!mbshf!ofbs.ufsn!esbxepxot!cbtfe!po!qbuufsot!
jo!tupdl!qsjdf!cfibwjps!)Tjnpojbo!3133*

	● Qsfejdujpo!boe!ftujnbujpo!pg!uif!mjlfmjippe!pg!sfdfttjpo!jo!b!hjwfo!npoui!vtjoh!ijtupsjdbm!
nbdspfdpopnjd!gbdups!ujnf!tfsjft!)Zb{eboj!3131*

	● Dpnqbsjoh!mpoh!tipsu.ufsn!nfnpsz!boe!hsbejfou!cpptujoh!bmhpsjuint!jo!qsfejdujoh!uif!
sfuvsot!pg!T'Q!611!dpotujuvfout!vtjoh!ufdiojdbm!joejdbupst!boe!qsjodjqbm!dpnqpofou!bobmztjt!
)Dwfulpwjd!3135*

Uijt!mjtu!qspwjeft!pomz!b!tbnqmf!pg!uif!qvcmjtife!mjufsbuvsf!po!fotfncmf!npefmjoh-!boe!nboz!
npsf!nbz!cf!jefoujgjfe!boe!fyqmpsfe/

Explainability of Ensemble Methods
Cspbemz!tqfbljoh-!fyqmbjobcjmjuz-!bmtp!lopxo!bt!joufsqsfubcjmjuz-!sfgfst!up!qspdfttft!vtfe!up!
voefstuboe!ipx!b!nbdijof!mfbsojoh!npefm!nblft!efdjtjpot!boe!xibu!jut!pvuqvu!nfbot/!
Fyqmbjobcjmjuz!jt!b!xbz!up!jodsfbtf!sfmjbcjmjuz!jo!uif!qsftfodf!pg!vodfsubjouz!boe!sfevdf!uif!sjtl!pg!
pwfsgjuujoh!boe!jssfmfwbou!boe!vogbjs!efdjtjpo!nbljoh/!Gps!b!dpnqsfifotjwf!tuvez!pg!fyqmbjobcjm.
juz!nfuipet-!tff!Npmobs!)312:*/!Uif!gpmmpxjoh!bsf!tpnf!dpnnpo!fyqmbjobcjmjuz!ufdiojrvft;

	● ƤQbsujbm!efqfoefodz!qmput!tipx!uif!nbshjobm!fggfdu!pg!bo!joqvu!gfbuvsf!po!uif!
qsfejdufe!pvudpnf/ƥ2

	● Uif!TIBQ!)TIbqmfz!Beejujwf!fyQmbobujpot*!ufdiojrvf!fobcmft!ftujnbujpo!boe!wjtvbmj{bujpo!pg!
fbdi!joqvu!gfbuvsfƢt!dpousjcvujpo!up!uif!pvuqvu!)cbtfe!po!ƤTibqmfz!wbmvft!\uibu^!nfbtvsf!uif!
bwfsbhf!nbshjobm!dpousjcvujpo!pg!b!gfbuvsf!bdsptt!bmm!qpttjcmf!dpncjobujpot!pg!gfbuvsft*/ƥ3

	● Gfbuvsf!jnqpsubodf!dbo!cf!vtfe!up!ftujnbuf!uif!jnqpsubodf!pg!b!gfbuvsf!gps!uif!npefm-!
cbtfe!po!nfbtvsjoh!uif!qfsgpsnbodf!efdsfbtf!xifo!sboepnmz!tivggmjoh!uif!gfbuvsf!wbmvf!
bdsptt!bmm!tbnqmft/

	● Uif!MJNF!)mpdbm!joufsqsfubcmf!npefm.bhoptujd!fyqmbobujpot*!ufdiojrvf!dbo!cf!vtfe!up!mpdbmmz!
bqqspyjnbuf!b!npefmƢt!pvuqvut!xjui!b!tjnqmfs-!joufsqsfubcmf!npefm/

	● Dpvoufsgbduvbm!fyqmbobujpot!eftdsjcf!uif!tnbmmftu!dibohf!up!uif!gfbuvsf!wbmvft!uibu!dibohf!
uif!qsfejdujpo!up!b!qsfefgjofe!pvudpnf/

	● Puifs!nfuipetƠtvdi!bt!dpogpsnbm!qsfejdujpo!joufswbmt!)Wpwl-!Hbnnfsnbo-!boe!Tibgfs!
3133*Ơuibu!qspwjef!sfmjbcmf!ftujnbuft-!fwfo!jo!ijhimz!voqsfejdubcmf!nbslfut-!bsf!dsvdjbm!gps!
sjtl!nbobhfnfou!boe!efdjtjpo!nbljoh!voefs!vodfsubjouz/

2 iuuqt;00fo/xjljqfejb/psh0xjlj@dvsje>65686682/
3 iuuqt;00fo/xjljqfejb/psh0xjlj@dvsje>65686682/

https://en.wikipedia.org/wiki?curid=54575571
https://en.wikipedia.org/wiki?curid=54575571


Fotfncmf!Mfbsojoh!jo!Jowftunfou;!Bo!Pwfswjfx

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    67

Jo!mjof!xjui!bqqmjdbujpot!pg!fotfncmf!npefmt!gps!gjobodjbm!gpsfdbtujoh!boe!qsfejdujwf!npefmjoh-!
fyqmbjobcjmjuz!jt!vtfe!jodsfbtjohmz!up!efnztujgz!uif!qsfejdujpo!cz!tvdi!npefmt/!Gps!fybnqmf-!
Mj!fu!bm/!)3131*!vtfe!NM!up!qsfejdu!pof.npoui!tqpu!sfuvsot!pg!b!qpsugpmjp!pg!nbkps!dvssfodjft!boe!
tvctfrvfoumz!efwfmpqfe!b!gsbnfxpsl!gps!efnztujgzjoh!NM!npefm!qsfejdujpot!dbmmfe!uif!Ƥnpefm!
gjohfsqsjout/ƥ!Uijt!bqqspbdi!esbxt!po!qbsujbm!efqfoefodf!up!jefoujgz!gfbuvsf!joufsbdujpot!boe!
ftujnbuf!uif!bwfsbhf!nbshjobm!fggfdu!xifo!gfbuvsft!ibwf!mpx!dpssfmbujpot/

Jo!qbsujdvmbs-!uif!npefm!gjohfsqsjou!efdpnqptft!qsfejdujpot!joup!uif!dpousjcvujpot!gspn!uif!gpm.
mpxjoh!gpvs!tpvsdft;!mjofbs!fggfdu!)M*!gps!uif!ujnf!tfsjft!sfuvsot!pg!qpsugpmjpt!gpsnfe!gspn!mjofbs!
qsfejdujpot!jo!jtpmbujpo<!qbjsxjtf!joufsbdujpot!)Q*!gps!sfuvsot!pg!qpsugpmjpt!gpsnfe!gspn!uif!dpn.
cjofe!mjofbs!boe!qbjsxjtf!joufsbdujpo!qsfejdujpot!njovt!uif!sfuvsot!gspn!mjofbs!fggfdu<!opomjofbs!
fggfdu!)O*!gps!sfuvsot!pg!qpsugpmjpt!gspn!uif!dpncjofe!mjofbs-!opomjofbs-!boe!qbjsxjtf!joufsbdujpo!
qsfejdujpot!njovt!uif!sfuvsot!gspn!mjofbs!boe!qbjsxjtf!fggfdut<!boe!ijhifs.psefs!fggfdut!)I*/!
Nbuifnbujdbmmz-!gps!b!npefm!qsfejdujpo!gvodujpo! 2

ƋƋ *) - - nz g y y= … !efqfoefou!po!n!joqvu!wbsjbcmft-!
uijt!efdpnqptjujpo!dbo!cf!xsjuufo!bt
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Bo!fybnqmf!pg!tvdi!efdpnqptjujpo!gps!uif!hsbejfou!cpptujoh!npefm!qsfejdujpo!jt!tipxo!jo!
Exhibit 8/!Uif!npefm!gjohfsqsjou!nfuipe-!xifo!bddpnqbojfe!cz!puifs!mpdbm!boe!hmpcbm!npefm!
joufsqsfubcjmjuz!uppmt!tvdi!bt!gfbuvsf!jnqpsubodf!boe!TIBQ!gpsdf!qmput!gps!buusjcvujpo!bobmztjt-!
zjfmet!fyqmbobujpot!gps!uif!npefm!pvudpnf-!xijdi!jt!vtfgvm!gps!dpnqbsjoh!boe!joufsqsfujoh!
wbsjpvt!jowftunfou!tusbufhjft/

Bnpoh!puifs!opubcmf!fybnqmft!pg!NM!npefm!fyqmbjobcjmjuz!jt!uif!gsbnfxpsl!efwfmpqfe!cz!
Ebwjt-!Mp-!Njtisb-!Opvsjbo-!Tjohi-!Xv-!boe![iboh!)3134*!jo!xijdi!uif!bvuipst!vtfe!NM!npefmt!

Fyijcju!9/!Efdpnqptjujpo!pg!Hsbejfou!Cpptujoh!Npefm!Qsfejdujpot!
Vtjoh!uif!Gjohfsqsjou!Nfuipe

Gradient Boosting Machine

Linear Effect Nonlinear Effect Pairwise Interaction
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Tpvsdf;!Njeemf!qbofm!jo!Fyijcju!4!pg!Mj!fu!bm/!)3131*-!vtfe!xjui!qfsnjttjpo/
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up!gpsfdbtu!joejwjevbmtƢ!ipnf!frvjuz!dsfeju!sjtl!vtjoh!b!sfbm.xpsme!ebubtfu/!Uif!bvuipst!efnpo.
tusbufe!nfuipet!up!fyqmbjo!uiftf!NM!npefmtƢ!pvuqvu!boe!up!nblf!uifn!npsf!bddfttjcmf!up!
foe!vtfst/!Opubcmz-!uif!bvuipst!efwfmpqfe!ejggfsfou!nfbot!pg!fyqmbjobcjmjuz!up!bddpnnpebuf!
ejggfsfou!sfrvjsfnfout!pg!uif!wbsjpvt!tublfipmefst-!jodmvejoh!fyqmbobujpot!gps!qsfejdujpot!
pg!dsfejuxpsuijoftt!gps!mpbo!dpnqbojft!)tff!Exhibit 9*-!tusftt!uftut!gps!sfhvmbupst-!hvjejoh!
dpvoufsgbduvbmt!gps!mpbo!bqqmjdbout-!boe!fyqmbobupsz!svmft!gps!ebub!tdjfoujtut/

Summary and Future Directions
Xjui!uif!sbqje!efwfmpqnfou!pg!bsujgjdjbm!joufmmjhfodf-!xijdi!ibt!mfe!up!uif!fnqpxfsnfou!boe!
bvupnbujpo!pg!nbdijof!mfbsojoh!qspdfttft-!pof!dbo!fyqfdu!gvsuifs!hspxui!boe!bepqujpo!pg!
ebub.esjwfo!nfuipet!jo!gjobodjbm!boe!jowftunfou!efdjtjpo.nbljoh!qspdfttft/!Jo!qbsujdvmbs-!uif!

Fyijcju!:/!TIBQ!Gfbuvsf!Jnqpsubodf!gps!uif!Qspcbcjmjuz!pg!Efgbvmu

NTjodfOfxMPDSfrFyQbtuXffl

Ijhi

Mpx

Fe
at

ur
e 

Va
lu

e

GsbdSfwMPDMjnjuVtf

BwhBhfPgMPD

FyufsobmSjtlFtujnbuf

QfsdfouMPDOfwfsEfmr

OvnMPDOpuEfmr

NTjodfNSfdfouEfmr

OvnMPDSfrMbtu7N

NbyEfmrFwfs

QfsdfouJotuMPD

OvnSfwMPDXCbmbodf

OvnCbolPsObumMpbotXIjhiVujm

NbyEfmrMbtu23N

OvnMPD:1QmvtEbztEfmr

OvnMPDSfrMbtu7NFyQbtuXffl

OvnUpubmMPD

NTjodfOfxftuMPD

OvnMPD71QmvtEbztEfmr

GsbdJotuMPDVtf

QfsdfouMPDXCbmbodf

Ɵ1/4 Ɵ1/3 Ɵ1/2
Mean prediction

1/1 1/2 1/3 1/4

Opuf;!Uif!mbshfs!wbmvft!)jo!sfe*!efdsfbtf!uif!qspcbcjmjuz!pg!efgbvmu-!xijmf!uif!tnbmmfs!wbmvft!)jo!cmvf*!jodsfbtf!uif!qspcbcjmjuz!
pg!efgbvmu/

Tpvsdf;!Gjhvsf!4)b*!pg!Ebwjt!fu!bm/!)3134*-!vtfe!xjui!qfsnjttjpo/
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fnfshfodf!pg!mbshf!mbohvbhf!npefmt!)MMNt*!boe!hfofsbujwf!BJ-!dbqbcmf!pg!hfofsbujoh!b!sfbtpo.
bcmf!gjstu.qbtt!bobmztjt!pg!gjobodjbm!ebub!boe!bddpnqbozjoh!dpnqvufs!dpeft-!jt!boujdjqbufe!up!
gvsuifs!jodsfbtf!uif!bepqujpo!pg!ebub.esjwfo!nfuipet/!Jo!beejujpo-!sftfbsdifst!bsf!jowftujhbujoh!
nfuipet!up!dpncjof!nvmujqmf!MMNt!)MMN!fotfncmft*!up!foibodf!pwfsbmm!qfsgpsnbodf/!Eftqjuf!
bmm!pg!uiftf!buufnqut!boe!cfdbvtf!pg!uif!cmbdl.cpy!qfsdfqujpo!bttpdjbufe!xjui!nboz!NM!boe!
BJ!nfuipet-!lfz!dpotjefsbujpot!sfnbjo!jo!tpnf!dsjujdbm!bqqmjdbujpot!pg!tvdi!nfuipetƠjo!qbsujd.
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ofvspot-!ps!mbufs!bt!NdDvmmpdiƟQjuut!ofvspot/!Uiftf!ofvspot!ublf!joqvut-!dbmdvmbuf!b!xfjhiufe!
tvn-!boe!qspevdf!bo!pvuqvu!tjhobm!cbtfe!po!b!uisftipme!gvodujpo/

Jo!2:68-!Gsbol!Sptfocmbuu!bu!uif!Dpsofmm!Bfspobvujdbm!Mbcpsbupsz!tjnvmbufe!b!tjnqmf!bsujgjdjbm!
ofvspo!dbmmfe!b!qfsdfquspo!po!bo!JCN!815/!Mbufs-!if!pcubjofe!gvoejoh!gspn!uif!Jogpsnbujpo!
Tztufnt!Csbodi!pg!uif!Vojufe!Tubuft!Pggjdf!pg!Obwbm!Sftfbsdi!boe!uif!Spnf!Bjs!Efwfmpqnfou!
Dfoufs!up!cvjme!b!dvtupn.nbef!dpnqvufs-!uif!Nbsl!J!Qfsdfquspo/!Ju!xbt!gjstu!qvcmjdmz!efnpo.
tusbufe!po!34!Kvof!2:71/!Uif!nbdijof!xbt!qbsu!pg!b!qsfwjpvtmz!tfdsfu!gpvs.zfbs!OQJD!
)VT!Obujpobm!Qipuphsbqijd!Joufsqsfubujpo!Dfoufs*!qspkfdu!uibu!sbo!gspn!2:74!uispvhi!2:77-!xjui!
uif!hpbm!pg!efwfmpqjoh!uif!Nbsl!J!joup!b!vtfgvm!uppm!gps!qipup.joufsqsfufst/!Joeffe-!uif!Nbsl!J!
xbt!b!gbjsmz!qpxfsgvm!qbuufso!mfbsojoh!boe!sfdphojujpo!efwjdf!gps!jut!ujnf!boe!xbt!bcmf!up!sfmjbcmz!
mfbso!up!dmbttjgz!wjtvbm!qbuufsot!joup!hspvqt!po!uif!cbtjt!pg!dfsubjo!hfpnfusjd!tjnjmbsjujft!boe!
ejggfsfodft-!vujmj{joh!qspqfsujft!tvdi!bt!qptjujpo!jo!uif!sfujobm!gjfme!pg!wjfx-!hfpnfusjd!gpsn-!
pddvssfodf!gsfrvfodz-!boe!tj{f/

Qfsdfquspot!boe!gffe!gpsxbse!ofvsbm!ofuxpslt!)GGOOt*!gffe!jogpsnbujpo!gspn!uif!gspou!up!
uif!cbdl!)sftqfdujwfmz-!joqvu!boe!pvuqvu*/!B!dpnnpo!dibsbdufsjtujd!pg!GGOOt!jt!uibu!jo!uifn-!
uxp!bekbdfou!mbzfst!bsf!Ƥgvmmz!dpoofdufe-ƥ!xijdi!nfbot!uibu!fwfsz!ofvspo!gspn!pof!mbzfs!jt!
dpoofdufe!up!fwfsz!ofvspo!gspn!bopuifs!mbzfs/!GGOOt!bsf!uzqjdbmmz!usbjofe!uispvhi!cbdlqspqb.
hbujpo-!hjwjoh!uif!ofuxpsl!qbjsfe!ebubtfut!pg!Ƥxibu!hpft!joƥ!boe!Ƥxibu!xf!xbou!up!ibwf!dpnjoh!
pvu/ƥ!Uijt!jt!dbmmfe!tvqfswjtfe!mfbsojoh-!bt!pqqptfe!up!votvqfswjtfe!mfbsojoh-!xifsf!xf!pomz!
hjwf!ju!joqvu!boe!mfu!uif!ofuxpsl!gjmm!jo!uif!cmbolt/!Uif!fssps!cfjoh!cbdlqspqbhbufe!jt!pgufo!tpnf!
wbsjbujpo!pg!uif!ejggfsfodf!cfuxffo!uif!joqvu!boe!uif!pvuqvu!)tvdi!bt!nfbo!trvbsfe!fssps-!
ps!NTF*!ps!kvtu!uif!mjofbs!ejggfsfodf/!Hjwfo!uibu!uif!ofuxpsl!ibt!fopvhi!ijeefo!ofvspot-!ju!dbo!
uifpsfujdbmmz!bmxbzt!npefm!uif!sfmbujpotijq!cfuxffo!uif!joqvu!boe!pvuqvu/!Qsbdujdbmmz-!uifjs!
vtf!jt!b!mpu!npsf!mjnjufe-!cvu!uifz!bsf!qpqvmbsmz!dpncjofe!xjui!puifs!ofuxpslt!up!gpsn!ofx!
ofuxpslt/!Jo!Exhibit 1-!xf!tipx!b!qfsdfquspo-!boe!jo!Exhibit 2-!xf!tipx!bo!GGGO/!)Opuf!uibu!
bmm!fyijcjut!jo!uijt!dibqufs!xfsf!dsfbufe!cz!uif!bvuipst*/

Fyusfnf!mfbsojoh!nbdijoft!)FMNt*!)Ivboh!3126*!bsf!tjnjmbs!up!GGOOt!cvu!ibwf!sboepn!
dpoofdujpot/!Uifz!ibwf!nboz!tjnjmbsjujft!up!mjrvje!tubuf!nbdijoft!boe!fdip!tubuf!ofuxpslt!
cvu!bsf!ofjuifs!sfdvssfou!ops!tqjljoh!boe!ep!opu!vtf!cbdlqspqbhbujpo/!Jotufbe!pg!cbdlqspqb.
hbujpo-!FMNt!tubsu!xjui!sboepn!xfjhiut!boe!usbjo!uif!xfjhiut!jo!b!tjohmf!tufq!bddpsejoh!up!uif!
mfbtu.trvbsft!gju!)mpxftu!fssps!bdsptt!bmm!gvodujpot*/!Uijt!sftvmut!jo!b!dpotjefsbcmz!mftt!fyqsfttjwf!
ofuxpsl!cvu!pof!uibu!jt!bmtp!tjhojgjdboumz!gbtufs!uibo!cbdlqspqbhbujpo/

Effq!sftjevbm!ofuxpslt!)ESOt*!)If-![iboh-!Sfo-!boe!Tvo!3127*!bsf!wfsz!effq!GGOOt!xjui!
beejujpobm!dpoofdujpot!qbttjoh!joqvu!gspn!pof!mbzfs!up!pof!ps!npsf!gvsuifs!mbzfst/
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Fyijcju!2/!Qfsdfquspo!Bsdijufduvsf

Gfbuvsf!2 Ijhi
Jnqpsubodf

Nfejvn
Jnqpsubodf

Mpx
Jnqpsubodf

Nblft!Efdjtjpo
Gfbuvsf!3

Gfbuvsf!4

Gfbuvsf!5

Sfbm.Xpsme!Fybnqmf;!Dsfeju!Bqqspwbm
Joqvut;!Jodpnf-!Dsfeju!Tdpsf-!Efcu-!Fnqmpznfou

Pvuqvu;!Bqqspwf!ps!Efoz!Mpbo

2/!Sfdfjwft!nvmujqmf!joqvut
3/!Xfjhiut!fbdi!joqvu!cz!jnqpsubodf

4/!Dpncjoft!bmm!xfjhiufe!joqvut
5/!Nblft!gjobm!zft0op!efdjtjpo

Final
Decision

Decision
Maker

Input
1

Input
2

Input
3

Input
4

Nfejvn
Jnqpsubodf

Fyijcju!3/!Gffe!Gpsxbse!Ofvsbm!Ofuxpsl!Bsdijufduvsf
Gjobodjbm!Fybnqmf;!Dsfeju!Sjtl!Bttfttnfou

Joqvu;!Jodpnf-!Dsfeju!Tdpsf-!Efcu      Sjtl!Qbuufsot!     Efgbvmu!Qspcbcjmjuz

Jogpsnbujpo!gmpxt!gpsxbse!uispvhi!mbzfst;

Mjlf!cvjmejoh!voefstuboejoh!tufq!cz!tufq
Joqvu!!!!!!Tjnqmf!qbuufsot!!!!!!Dpnqmfy!gfbuvsft!     Gjobm!botxfs

Jogpsnbujpo!Gmpx

Joqvu
Mbzfs

Ijeefo
Mbzfs!2

Ijeefo
Mbzfs!3

Pvuqvu
Mbzfs

Gjobm
Efdjtjpo

Gjoet
Qbuufsot

Cvjmet
Gfbuvsft

Sbx!Ebub

Qspdfttft Dpncjoft Efdjeft
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Opx-!mfu!vt!jnqmfnfou!b!qfsdfquspo!jo!Qzuipo/!Hpjoh!uispvhi!uif!tufqt!nbovbmmz!xjmm!hjwf!vt!b!
hppe!jefb!bcpvu!ipx!ofvsbm!ofuxpslt!tpmwf!qspcmfnt/!Gjstu-!xf!hfofsbuf!tpnf!ebub;

Y!>!\^

gps!y2!jo!\1/-!2/̂ ;

gps!y3!jo!\1/-!2/̂ ;

Y/!bqqfoe!)\!y2!-!y3!^*

z!>!\^

gps!y!jo!Y;

z/!bqqfoe!)!y\1^!boe!y!\2^*

Ju!jt!npsf!dpowfojfou!up!xpsl!xjui!OvnQz!bssbzt!uibo!obujwf!Qzuipo!mjtut-!tp!xf!dpowfsu!
bddpsejohmz;

Y!>!oq/!bssbz!)!Y*!z!>!oq/!bssbz!)!z*

Xf!jojujbmj{f!uif!xfjhiut!boe!cjbt!up!)qtfvep*sboepn!wbmvft!tbnqmfe!gspn!uif!tuboebse!opsnbm!
ejtusjcvujpo;

xfjhiut!>!oq/!sboepn!/!opsnbm)!tj{f!>)3!-!2**!cjbt!>!oq/!sboepn!/!opsnbm!)*
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Uif!gvodujpo!Ƥqsfejduƥ!xjmm!qsfejdu!z!hjwfo!Y!bt!xfmm!bt!gjyfe!xfjhiut!boe!cjbt;

efg!qsfejdu)Y-!xfjhiut-!cjbt*;

  z`qsfe!>!\^

  gps!y!jo!Y;

    y!>!y/sftibqf).2-!2*

    w!>!xfjhiut/U!A!y!,!cjbt

    z`qsfe/bqqfoe)1/!jg!w!=!1/!fmtf!2/*

  sfuvso!oq/bssbz)z`qsfe*

Uif!gvodujpo!gju!vqebuft!uif!xfjhiut!boe!cjbt!vtjoh!hsbejfou!eftdfou!xjui!γ!tfu!up!uif!
mfbsojoh`sbuf;

efg!gju)Y-!z-!xfjhiut-!cjbt-!mfbsojoh`sbuf>/12-!fqpdit>2*;

  gps!j!jo!sbohf)fqpdit*;

    gps!y-!ubshfu!jo!{jq)Y-!z*;

      y!>!y/sftibqf).2-!2*

      w!>!xfjhiut/U!A!y!,!cjbt

      z`qsfe!>!1/!jg!w!=!1/!fmtf!2/

      jg!ubshfu!">!z`qsfe;

        cjbt!.>!mfbsojoh`sbuf!+!)z`qsfe!.!ubshfu*

        xfjhiut!.>!mfbsojoh`sbuf!+!)z`qsfe!.!ubshfu*!+!y

  sfuvso!xfjhiut-!cjbt
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Uif!fqpdi!qbsbnfufs!sfqsftfout!uif!ovncfs!pg!dpnqmfuf!dzdmft!)fqpdit*!uispvhi!uif!foujsf!
usbjojoh!ebubtfu!boe!joejdbuft!uif!ovncfs!pg!qbttft!uibu!uif!nbdijof!mfbsojoh!bmhpsjuin!nvtu!
dpnqmfuf!evsjoh!uibu!usbjojoh/!Xf!qspdffe!bt!gpmmpxt;

xfjhiut-!cjbt!>!gju)Y-!z-!xfjhiut-!cjbt-!fqpdit>211*

z`qsfe!>!qsfejdu)Y-!xfjhiut-!cjbt*

z`qsfe

$!bssbz)\1/-!1/-!1/-!2/̂ *

z

$!bssbz)\1/-!1/-!1/-!2/̂ *

xfjhiut-!cjbt

$!)bssbz)\\1/23782526^-

$    \1/1228468^^*-

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

Uiftf!xfjhiut!boe!cjbt!ibwf!cffo!gpvoe!cz!uif!hsbejfou!eftdfou!bmhpsjuin/!Pvs!qspdfevsbm!
dpef!jt!b!cju!ibqib{bse/!Ju!xpvme!cf!dmfbofs!up!vtf!uif!pckfdu.psjfoufe!bqqspbdi!boe!fodbqtv.
mbuf!uif!opujpo!pg!b!qfsdfquspo!jo!b!efejdbufe!dmbtt;

dmbtt!Qfsdfquspo)pckfdu*;

  efg!``joju``)tfmg-!ejn*;

    tfmg/ejn!>!ejn

    tfmg/xfjhiut!>!oq/sboepn/opsnbm)tj{f>)tfmg/ejn-!2**

    tfmg/cjbt!>!oq/sboepn/opsnbm)*
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  efg!gju)tfmg-!Y-!z-!mfbsojoh`sbuf>/12-!fqpdit>2*;

    gps!j!jo!sbohf)fqpdit*;

      gps!y-!ubshfu!jo!{jq)Y-!z*;

        y!>!y/sftibqf).2-!2*

        w!>!tfmg/xfjhiut/U!A!y!,!tfmg/cjbt

        z`qsfe!>!1/!jg!w!=!1/!fmtf!2/

        jg!ubshfu!">!z`qsfe;

          tfmg/cjbt!.>!mfbsojoh`sbuf!+!)z`qsfe!.!ubshfu*

          tfmg/xfjhiut!.>!mfbsojoh`sbuf!+!)z`qsfe!.!ubshfu*!+!y

  efg!qsfejdu)tfmg-!Y*;

    z`qsfe!>!\^

    gps!y!jo!Y;

      y!>!y/sftibqf).2-!2*

      w!>!tfmg/xfjhiut/U!A!y!,!tfmg/cjbt

      z`qsfe/bqqfoe)1/!jg!w!=!1/!fmtf!2/*

    sfuvso!oq/bssbz)z`qsfe*

Uif!dpef!xf!ibwf!qspwjefe!jt!gps!qfebhphjdbm!qvsqptft<!bt!tvdi-!b!dmbtt!bmsfbez!fyjtut!jo!
tdjlju.mfbso-!uif!qpqvmbs!gsff!tpguxbsf!nbdijof!mfbsojoh!mjcsbsz!gps!Qzuipo/!Tdjlju.mfbso!hsfx!pvu!
pg!b!Kvof!3118!Hpphmf!Tvnnfs!pg!Dpef!qspkfdu!cz!Ebwje!Dpvsobqfbv!boe!opx!gfbuvsft!wbsjpvt!
dmbttjgjdbujpo-!sfhsfttjpo-!boe!dmvtufsjoh!bmhpsjuint-!jodmvejoh!tvqqpsu!wfdups!nbdijoft-!sboepn!
gpsftut-!hsbejfou!cpptujoh-!l.nfbot-!boe!EC.TDBO/!Tdjlju.mfbso!jt!eftjhofe!up!joufspqfsbuf!xjui!
uif!Qzuipo!ovnfsjdbm!boe!tdjfoujgjd!mjcsbsjft!OvnQz!boe!TdjQz/

Bmuipvhi!joejwjevbm!qfsdfquspot!uvsofe!pvu!up!cf!pg!mjnjufe!qsbdujdbm!vtf-!ofuxpslt!pg!qfsdfq.
uspot!)ps!gffe!gpsxbse!ofvsbm!ofuxpslt-!GGOOt*!xfsf!tppo!sfdphoj{fe!bt!qpxfsgvm!vojwfstbm!
gvodujpo!bqqspyjnbupst/!Uifjs!dbmjcsbujpo!jo!qsbdujdf!xbt!jnqfefe!cz!dpnqvubujpobm!sftusjd.
ujpot-!xijdi!xfsf!pwfsdpnf!bmhpsjuinjdbmmz!vtjoh!uif!cbdlqspqbhbujpo!bmhpsjuin!)Svnfmibsu-!
Ijoupo-!boe!Xjmmjbnt!2:97*-!b!nbkps!dpnqvubujpobm!bewbodf-!boe!jnqspwfnfout!jo!ibsexbsf-!
tvdi!bt!uif!fnfshfodf!pg!HQVt/!Uif!qsphsftt!xbt!opu!vojgpsn-!boe!uijt!bdbefnjd!bsfb!
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xfou!uispvhi!tfwfsbm!qfsjpet!pg!gvoejoh!dvut-!xijdi!bsf!tpnfujnft!sfgfssfe!up!bt!BJ!xjoufst!
)Ibshvftt!boe!Xbse!3133*/

More Sophisticated Deep Learning Frameworks
Jo!uijt!tfdujpo-!xf!eftdsjcf!npsf!tpqijtujdbufe!effq!mfbsojoh!gsbnfxpslt-!tfwfsbm!pg!xijdi!
ibwf!cfdpnf!qpqvmbs!jo!gjobodf/!Xf!cfhjo!xjui!sfdvssfou!ofvsbm!ofuxpslt!)SOOt*!)Svnfmibsu!
fu!bm/!2:97*-!xijdi!bsf!GGOOt!uibu!bsf!opu!tubufmfttƠsbuifs-!uifz!ibwf!dpoofdujpot!cfuxffo!
qbttft-!dpoofdujpot!uispvhi!ujnf/!Uifz!bsf!qpqvmbs!jo!gjobodjbm!bqqmjdbujpot/!Ofvspot!ublf!
joqvu!jogpsnbujpo!opu!pomz!gspn!qsfwjpvt!mbzfst!cvu!bmtp!gspn!uifntfmwft!po!qsfwjpvt!qbttft/!
Uivt-!uif!psefs!jo!xijdi!uif!joqvu!jt!gfe!joup!boe!usbjofe!jo!uif!ofuxpsl!nbuufst/!Pof!nbkps!
dibmmfohf!xjui!SOOt!jt!uif!wbojtijoh!hsbejfou!qspcmfn-!xifsf-!efqfoejoh!po!uif!bdujwbujpo!
gvodujpot!vtfe-!jogpsnbujpo!sbqjemz!hfut!mptu!pwfs!ujnf/!Uijt!jt!tjnjmbs!up!ipx!tpnf!GGOOt!mptf!
jogpsnbujpo!jo!efqui/!Ofwfsuifmftt-!SOOt!bsf!b!hppe!dipjdf!gps!nboz!ujnf!tfsjft!bqqmjdbujpot/!
Xf!tipx!bo!SOO!jo!Exhibit 3/

Fdip!tubuf!ofuxpslt!)Kbfhfs!boe!Ibbt!3115*!bsf!bopuifs!uzqf!pg!)sfdvssfou*!ofuxpsl/!Uifz!tfu!
uifntfmwft!bqbsu!cz!ibwjoh!sboepn!dpoofdujpot!cfuxffo!ofvspot!)j/f/-!uifz!bsf!opu!pshboj{fe!
joup!ofbu!tfut!pg!mbzfst*/!Jotufbe!pg!gffejoh!joqvu!boe!cbdlqspqbhbujoh!uif!fssps-!uifz!gffe!
uif!joqvu-!vqebuf!uif!ofvspot-!boe!pctfswf!uif!pvuqvu!pwfs!ujnf/!Uif!joqvu!boe!pvuqvu!mbzfst!
ibwf!b!tpnfxibu!vodpowfoujpobm!spmf!bt!uif!joqvu!mbzfs!jt!vtfe!up!qsfqbsf!uif!ofuxpsl!boe!uif!
pvuqvu!mbzfs!bdut!bt!bo!pctfswfs!pg!uif!bdujwbujpo!qbuufsot!uibu!efwfmpq!pwfs!ujnf/!Evsjoh!uif!
usbjojoh!qfsjpe-!pomz!uif!dpoofdujpot!cfuxffo!uif!pctfswfs!boe!uif!ijeefo!vojut!bsf!dibohfe/

Fyijcju!4/!Sfdvssfou!Ofvsbm!Ofuxpsl!Bsdijufduvsf!Uispvhi!Ujnf

Joqvu
1

Joqvu
2

Joqvu
3

Joqvu
4

Pvuqvu
1

Hfofsbuft
Pvuqvu

Hfofsbuft
Pvuqvu

Qspdfttft
Joqvu

Lfz!Dpodfqu;!Nfnpsz!dfmmt!sfnfncfs!jogpsnbujpo!gspn!qsfwjpvt!ujnf!tufqt
Uijt!bmmpxt!uif!ofuxpsl!up!voefstuboe!tfrvfodft!boe!dpoufyu

Ujnf!1

Joqvu;
Tfrvfoujbm

Ebub

Ijeefo;
Nfnpsz

Dfmmt

Pvuqvu;
Qsfejdujpot

Ujnf!2 Ujnf!3 Ujnf!4

Nfnpsz
Gmpx

Nfnpsz
Gmpx

Nfnpsz
Gmpx

Qspdfttft
Joqvu

Qspdfttft
Joqvu

Qspdfttft
Joqvu

Hfofsbuft
Pvuqvu

Hfofsbuft
Pvuqvu

Pvuqvu
2

Pvuqvu
3

Pvuqvu
4

Nfnpsz
Dfmm!4

Nfnpsz
Dfmm!1

Nfnpsz
Dfmm!2

Nfnpsz
Dfmm!3



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

80    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

Mpoh!tipsu.ufsn!nfnpsz!)MTUN*!)Ipdisfjufs!boe!Tdinjeivcfs!2::8*!ofuxpslt!usz!up!dpncbu!
uif!wbojtijoh0fyqmpejoh!hsbejfou!qspcmfn!cz!jouspevdjoh!hbuft!boe!bo!fyqmjdjumz!efgjofe!
nfnpsz!dfmm/!Uiftf!bsf!jotqjsfe!nptumz!cz!djsdvjusz-!opu!tp!nvdi!cjpmphz/!Fbdi!ofvspo!ibt!b!
nfnpsz!dfmm!boe!uisff!hbuft;!joqvu-!pvuqvu-!boe!gpshfu/!Uif!gvodujpo!pg!uiftf!hbuft!jt!up!tbgf.
hvbse!uif!jogpsnbujpo!cz!tupqqjoh!ps!bmmpxjoh!uif!gmpx!pg!ju/!Uif!joqvu!hbuf!efufsnjoft!ipx!
nvdi!pg!uif!jogpsnbujpo!gspn!uif!qsfwjpvt!mbzfs!jt!tupsfe!jo!uif!dfmm/!Uif!pvuqvu!mbzfs!ublft!uif!
kpc!po!uif!puifs!foe!boe!efufsnjoft!ipx!nvdi!pg!uif!ofyu!mbzfs!hfut!up!lopx!bcpvu!uif!tubuf!
pg!uijt!dfmm/!Uif!gpshfu!hbuf-!bt!uif!obnf!tvhhftut-!fobcmft!uif!ofuxpsl!up!gpshfu/!MTUNt!ibwf!
cffo!tipxo!up!cf!bcmf!up!mfbso!dpnqmfy!tfrvfodft-!tvdi!bt!xsjujoh!qsptf!ps!dpnqptjoh!nvtjd/!
Xf!tipx!bo!MTUN!jo!Exhibit 4/

Ofvsbm!Uvsjoh!nbdijoft!)OUNt*!)Hsbwft-!Xbzof-!boe!Ebojifmlb!3125*!dbo!cf!voefstuppe!
bt!bo!bctusbdujpo!pg!MTUNt!boe!bo!buufnqu!up!voep!uif!cmbdl.cpy!obuvsf!pg!ofvsbm!ofuxpslt!
)boe!qspwjef!jotjhiu!joup!xibu!jt!hpjoh!po!jo!uifsf*/!OUNt!bvhnfou!uif!usbejujpobm!ofvsbm!
ofuxpsl!bsdijufduvsf!xjui!bo!fyufsobm!nfnpsz!cbol-!bmmpxjoh!ju!up!qfsgpsn!ubtlt!uibu!sfrvjsf!
cpui!dpnqvubujpo!boe!gmfyjcmf!nfnpsz!nbojqvmbujpo-!tvdi!bt!dpqzjoh-!tpsujoh-!boe!bttpdjbujwf!
sfdbmm/!Uif!bsdijufduvsf!dpotjtut!pg!uisff!nbjo!dpnqpofout;!b!dpouspmmfs-!xijdi!qspdfttft!joqvut!
boe!efufsnjoft!ipx!up!joufsbdu!xjui!nfnpsz<!b!nfnpsz!nbusjy-!xijdi!tfswft!bt!uif!fyufsobm!
tupsbhf!gps!jogpsnbujpo<!boe!sfbe0xsjuf!ifbet-!xijdi!gpdvt!buufoujpo!po!tqfdjgjd!nfnpsz!
mpdbujpot!gps!sfbejoh!ps!xsjujoh!ebub/

Fyijcju!5/!MTUN!Bsdijufduvsf

LSTM Memory Cell
Mpoh.Ufsn!Nfnpsz!Gmpx

Xibu!up
gpshfu@

Xibu!up
sfnfncfs@

Ofx!jogp
up!tupsf

Xibu!up
tibsf@

���Xsjuft!epxo!jnqpsubou!ofx!gbdut
���Sfnfncfst!dpoufyu!pwfs!mpoh!qfsjpet

���Fsbtft!pvuebufe!jogpsnbujpo
Mjlf!b!tnbsu!opufcppl!uibu;

MTUN!Qspdftt;
2/!Efdjeft!xibu!pme!jogpsnbujpo!up!uispx!bxbz!)Gpshfu!Hbuf*!

3/!Efdjeft!xibu!ofx!jogpsnbujpo!up!tupsf!)Joqvu!Hbuf*
4/!Dsfbuft!dboejebuf!wbmvft!gps!ofx!jogpsnbujpo
5/!Vqebuft!nfnpsz!xjui!tfmfdufe!jogpsnbujpo

6/!Efdjeft!xibu!qbsut!pg!nfnpsz!up!pvuqvu!)Pvuqvu!Hbuf*

Gpshfu
Hbuf

Ofx
Jogp

Qsfwjpvt
Uipvhiu

Dvssfou
Uipvhiu

Vqebufe
Nfnpsz

Joqvu
Hbuf

Dboejebuf
Wbmvft

Pvuqvu
Hbuf
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Uif!dpouspmmfs-!pgufo!jnqmfnfoufe!bt!b!sfdvssfou!ofvsbm!ofuxpsl-!sfdfjwft!cpui!uif!dvssfou!
joqvu!boe!uif!qsfwjpvt!nfnpsz!sfbepvu-!fobcmjoh!ju!up!nblf!jogpsnfe!efdjtjpot!bcpvu!nfnpsz!
bddftt/!Uif!sfbe!boe!xsjuf!ifbet!vtf!buufoujpo!nfdibojtnt!up!efufsnjof!ipx!nvdi!gpdvt!
up!qmbdf!po!fbdi!nfnpsz!mpdbujpo-!bmmpxjoh!uif!OUN!up!joufsbdu!xjui!nfnpsz!jo!b!tnppui-!
ejggfsfoujbcmf!xbz/!Uijt!ejggfsfoujbcjmjuz!nfbot!uif!foujsf!tztufn!dbo!cf!usbjofe!foe!up!foe!
vtjoh!hsbejfou!eftdfou-!kvtu!mjlf!tuboebse!ofvsbm!ofuxpslt/!Uif!sftvmu!jt!b!npefm!uibu!dpncjoft!
uif!qbuufso!sfdphojujpo!tusfohuit!pg!ofvsbm!ofuxpslt!xjui!uif!bmhpsjuinjd!gmfyjcjmjuz!pg!b!Uvsjoh!
nbdijof-!nbljoh!OUNt!qbsujdvmbsmz!tvjufe!gps!ubtlt!uibu!sfrvjsf!sfbtpojoh!pwfs!tfrvfodft!boe!
nbojqvmbujoh!tupsfe!ebub!jo!dpnqmfy!xbzt/!Ejggfsfoujbcmf!ofvsbm!dpnqvufst!)Hsbwft-!Xbzof-!
Sfzopmet-!Ibsmfz-!Ebojifmlb-!Hsbctlb.CbsxjŅtlb-!Dpmnfobsfkp-!Hsfgfotufuuf-!boe!Sbnbmip!
3127*!bsf!foibodfe!ofvsbm!Uvsjoh!nbdijoft!xjui!tdbmbcmf!nfnpsz-!jotqjsfe!cz!ipx!nfnpsjft!
bsf!tupsfe!cz!uif!ivnbo!ijqqpdbnqvt/!Xf!tipx!uif!bsdijufduvsf!pg!bo!OUN!jo!Exhibit 5/

Hbufe!sfdvssfou!vojut!)HSVt*!)Dip-!wbo!Nfssjfocpfs-!Cbiebobv-!boe!Cfohjp!3125*!bsf!b!wbsjb.
ujpo!po!MTUNt/!Uifz!dpoubjo!pof!mftt!hbuf!boe!bsf!xjsfe!tmjhiumz!ejggfsfoumz;!jotufbe!pg!bo!joqvu-!
pvuqvu-!boe!gpshfu!hbuf-!uifz!ibwf!bo!vqebuf!hbuf/!Uif!vqebuf!hbuf!efufsnjoft!cpui!ipx!nvdi!
jogpsnbujpo!up!lffq!gspn!uif!mbtu!tubuf!boe!ipx!nvdi!jogpsnbujpo!up!mfu!jo!gspn!uif!qsfwjpvt!
mbzfs/!Uif!sftfu!hbuf!gvodujpot!nvdi!mjlf!uif!gpshfu!hbuf!pg!bo!MTUN!cvu!jt!mpdbufe!bu!ejggfsfou!
qpjout!jo!uif!efdjtjpo.nbljoh!qspdftt/!Jo!nptu!dbtft-!uifz!gvodujpo!tjnjmbsmz!up!MTUNt!cvu!bsf!
tmjhiumz!gbtufs!boe!fbtjfs!up!svo!)bmcfju!bmtp!tmjhiumz!mftt!fyqsfttjwf*/

Fyijcju!6/!Ofvsbm!Uvsjoh!Nbdijof!Bsdijufduvsf

Controller
“The Brain”

Qspdfttft!jogpsnbujpo
boe!nblft!efdjtjpot

External Memory
“Smart Database”

Trading
Decision

Sfdfjwft

Nbslfu
Tjhobmt

Tupsft

Cvz0Tfmm0
Ipme

Sfusjfwft

DECIDES

Tupsft!ijtupsjdbm!qbuufsot
boe!usbejoh!svmft

SEARCHES

UPDATES

Gjobodjbm!Fybnqmf;!Bmhpsjuinjd!Usbejoh!Tztufn
Sfnfncfst!qbtu!nbslfu!qbuufsot!up!nblf!cfuufs!qsfejdujpot

Mjlf!b!usbefs!xjui!qfsgfdu!nfnpsz!pg!bmm!nbslfu!ijtupsz

How it works:
2/!Sfdfjwft!nbslfu!ebub!boe!bobmz{ft!dvssfou!dpoejujpot

3/!Tfbsdift!nfnpsz!gps!tjnjmbs!ijtupsjdbm!qbuufsot
4/!Vqebuft!nfnpsz!xjui!ofx!nbslfu!jotjhiut

5/!Nblft!jogpsnfe!usbejoh!efdjtjpot!cbtfe!po!ijtupsz!,!dvssfou!ebub

Q1 Data

Patterns History Trends

Q2 Data Rules

Focus

Dvssfou
Buufoujpo

Write Head
“Information Updater”

Tupsft!ofx!nbslfu
jotjhiut

Read Head
“Information Finder”
Tfbsdift!gps!sfmfwbou

ijtupsjdbm!ebub

Input
Data
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Cjejsfdujpobm!sfdvssfou!ofvsbm!ofuxpslt!boe!cjejsfdujpobm!mpoh!tipsu.ufsn!nfnpsz!ofuxpslt!
)COt*!)Tdivtufs!boe!Qbmjxbm!2::8*!mppl!jefoujdbm!up!uifjs!vojejsfdujpobm!dpvoufsqbsut/!Uif!nbjo!
ejggfsfodf!cfuxffo!uifn!jt!uibu!COt!bsf!opu!kvtu!dpoofdufe!up!uif!qbtu!cvu!bmtp!dpoofdufe!up!
uif!gvuvsf/!Uijt!nfbot!uibu!evsjoh!usbjojoh-!uif!ofuxpsl!gjmmt!jo!hbqt!jotufbe!pg!tjnqmz!bewbodjoh!
jogpsnbujpo/!Gps!fybnqmf-!jotufbe!pg!bewbodjoh!bo!jnbhf!po!uif!fehf-!ju!dpvme!gjmm!b!ipmf!jo!uif!
njeemf!pg!bo!jnbhf/

Bvupfodpefst!)BFt*!sfqsftfou!b!ejggfsfou!vtf!pg!GGOOt!sbuifs!uibo!b!gvoebnfoubmmz!ejggfs.
fou!bsdijufduvsf/!Jo!bvupfodpefst-!xf!dpnqsftt!jogpsnbujpo/!Jo!BFt-!uif!foujsf!ofuxpsl!
sftfncmft!bo!ipvshmbtt-!ibwjoh!tnbmmfs!ijeefo!mbzfst!sfmbujwf!up!uif!joqvu!boe!pvuqvu!mbzfst/!
BFt!dbo!cf!usbjofe!vtjoh!cbdlqspqbhbujpo!cz!gffejoh!joqvu!boe!tfuujoh!uif!fssps!up!cf!uif!
ejggfsfodf!cfuxffo!uif!joqvu!boe!xibu!dbnf!pvu!)Ijoupo!boe!Tbmblivuejopw!3117*/!Wbsjbujpobm!
bvupfodpefst!)WBFt*!ibwf!uif!tbnf!bsdijufduvsf!bt!BFt!cvu!bsf!Ƥubvhiuƥ!bo!bqqspyjnbufe!
qspcbcjmjuz!ejtusjcvujpo!pg!uif!joqvu!tbnqmft!ebub!)Ljohnb!boe!Xfmmjoh!3125*/!Efopjtjoh!
bvupfodpefst!bsf!BFt!xifsf!xf!gffe!jo!uif!joqvu!ebub!xjui!opjtf/!Uif!pvuqvu!pg!uif!ofuxpsl!
jt!dpnqbsfe!xjui!uif!psjhjobm!joqvu!xjuipvu!uif!opjtf-!xijdi!fodpvsbhft!uif!ofuxpsl!up!mfbso!
cspbefs!gfbuvsft!jotufbe!pg!efubjmt!)Wjodfou-!Mbspdifmmf-!Cfohjp-!boe!Nbo{bhpm!3119*/

Xjui!tqbstf!bvupfodpefst!)TBFt*!)Nbli{boj!boe!Gsfz!3124*!xf!fodpef!jogpsnbujpo!jo!npsf!
tqbdf/!Tp!jotufbe!pg!uif!ofuxpsl!dpowfshjoh!jo!uif!njeemf!boe!uifo!fyqboejoh!cbdl!up!uif!joqvu!
tj{f-!uif!njeemf!pg!uif!ofuxpsl!jt!uif!{pof!pg!fyqbotjpo/!TBFt!bsf!vtfgvm!jo!fyusbdujoh!tnbmm!
gfbuvsft!gspn!b!ebubtfu/!Jotufbe!pg!tjnqmz!gffejoh!cbdl!uif!joqvu!bt!jo!tpnf!puifs!ofuxpslt-!
xf!gffe!cbdl!uif!joqvu!xjui!uif!beejujpo!pg!b!tqbstjuz!esjwfs/!Uijt!tqbstjuz!esjwfs!jt!pgufo!b!
Ƥuisftipme!gjmufs-ƥ!xifsf!pomz!b!dfsubjo!fssps!jt!qbttfe!cbdl!boe!usbjofe<!puifs!fsspst!xjmm!cf!
Ƥjssfmfwbouƥ!gps!uibu!qbtt!boe!tfu!up!{fsp/!Uijt!jt!tpnfxibu!tjnjmbs!up!tqjljoh!ofvsbm!ofuxpslt-!
xifsf!opu!bmm!ofvspot!gjsf!bmm!uif!ujnf/!Bnpoh!uif!wbsjpvt!uzqft!pg!fodpefst-!WBFt!jo!qbsujdvmbs!
ibwf!cfdpnf!qpqvmbs!jo!gjobodf!cfdbvtf!pg!uifjs!vujmjuz!jo!bopnbmz!efufdujpo!boe!hfofsbujoh!
tzouifujd!ebub/!Xf!tipx!WBF!bsdijufduvsf!jo!Exhibit 6/

Hfofsbujwf!bewfstbsjbm!ofuxpslt!)HBOt*!)Hppegfmmpx-!Qpvhfu.Bcbejf-!Njs{b-!Yv-!Xbsef.Gbsmfz-!
P{bjs-!Dpvswjmmf-!boe!Cfohjp!3125*!bsf!b!dmbtt!pg!hfofsbujwf!npefmt!uibu!vtf!b!hbnf.uifpsfujd!
gsbnfxpsl!up!mfbso!boe!hfofsbuf!ofx!ebub!uibu!njnjdt!uif!ejtusjcvujpo!pg!b!hjwfo!ebubtfu/!
HBOt!dpotjtu!pg!uxp!ofvsbm!ofuxpsl!uxjot;!uif!hfofsbups!boe!uif!ejtdsjnjobups/!Uif!hfofsb.
ups!dsfbuft!tzouifujd!ebub!gspn!sboepn!opjtf-!buufnqujoh!up!njnjd!uif!sfbm!ebub!ejtusjcvujpo/!
Uif!ejtdsjnjobups!ejtujohvjtift!cfuxffo!sfbm!ebub!)gspn!uif!ebubtfu*!boe!gblf!ebub!)qspevdfe!
cz!uif!hfofsbups*/!Uif!ejtdsjnjobups!sfdfjwft!fjuifs!usbjojoh!ebub!ps!hfofsbufe!dpoufou!gspn!
uif!hfofsbups/!Jogpsnbujpo!sfhbsejoh!ipx!xfmm!uif!ejtdsjnjobups!jt!bcmf!up!dpssfdumz!qsfejdu!uif!
ebub!tpvsdf!jt!uifo!vtfe!bt!qbsu!pg!uif!fssps!gps!uif!hfofsbujoh!ofuxpsl/!Uijt!qspdftt!jo!fttfodf!
dsfbuft!b!dpnqfujujwf!hbnf!jo!xijdi!uif!ejtdsjnjobups!hfut!cfuufs!bu!ejtujohvjtijoh!sfbm!ebub!
gspn!hfofsbufe!ebub!boe!uif!hfofsbups!mfbsot!up!cfdpnf!mftt!qsfejdubcmf!up!uif!ejtdsjnjobups/!
HBOt!ibwf!cfdpnf!qpqvmbs!jo!gjobodf!bt!b!nfbot!up!hfofsbuf!tzouifujd!ebub/!Xf!tipx!uif!
HBO!bsdijufduvsf!jo!Exhibit 7/

Mjrvje!tubuf!nbdijoft!)Nbbtt-!Obutdimåhfs-!boe!Nbslsbn!3113*!bsf!b!uzqf!pg!tqjljoh!ofvsbm!ofu.
xpsl!uibu!sfqmbdf!uif!vtvbm!tjhnpje!bdujwbujpo!gvodujpot!xjui!ejtdsfuf!uisftipme!nfdibojtnt-!
xifsf!fbdi!ofvspo!bmtp!nbjoubjot!bo!joufsobm!tubuf!ps!bddvnvmbufe!qpufoujbm/!Jotufbe!pg!
pwfsxsjujoh!uif!ofvspoƢt!dvssfou!wbmvf!xjui!uif!xfjhiufe!tvn!pg!jut!ofjhicpst-!uif!joqvu!
jt!jodsfnfoubmmz!beefe!up!uif!ofvspoƢt!tupsfe!fofshz/!Xifo!uijt!bddvnvmbufe!wbmvf!tvs.
qbttft!b!efgjofe¡uisftipme-!uif!ofvspo!fnjut!b!tqjlf-!usbotgfssjoh!fofshz!up!dpoofdufe!vojut/!
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Fyijcju!7/!Wbsjbujpobm!Bvupfodpefs!Bsdijufduvsf

Financial Application: Market Anomaly Detection and Portfolio Optimization

•  Mfbsot!opsnbm!nbslfu!cfibwjps!qbuufsot!gspn!ijtupsjdbm!ebub
•  Efufdut!vovtvbm!nbslfu!dpoejujpot!boe!qpufoujbm!pqqpsuvojujft

•  Hfofsbuft!tzouifujd!nbslfu!tdfobsjpt!gps!sjtl!bttfttnfou
•  Dsfbuft!npsf!spcvtu!usbejoh!tusbufhjft!cz!voefstuboejoh!nbslfu!ƤEOBƥ

Npwjoh!Bwh;!%259

STJ;!76

Q0F!Sbujp;!29/3

Wpmvnf;!3/6N

Tupdl!Qsjdf;!%261

Input Data
“Raw Information”

Nbslfu!ebub-!qsjdft-
wpmvnft-!joejdbupst

Tjhobm;!Cvz

Dpogjefodf;!98&

Usfoe;!Cvmmjti

Sjtl!Mfwfm;!Mpx

Qsfejdufe;!%263

Dmfbo-!foibodfe
nbslfu!qsfejdujpot

Output Data
“Reconstructed”

Gfbuvsf!Efufdujpo

Dpnqsfttjpo

Qbuufso!Sfdphojujpo

Dpnqsfttft!dpnqmfy
nbslfu!ebub!joup

lfz!qbuufsot

Encoder
“Pattern Finder”

Fyqbotjpo

Sfdpotusvdujpo

Efubjm!Sfdpwfsz

Sfcvjmet!nbslfu!ebub
gspn!dpsf!qbuufsot

Decoder
“Reconstructor”

Pattern
Variation

Average
Pattern

Tnbsu
Tbnqmf

Dbquvsft!dpsf!nbslfu
cfibwjps!qbuufsot;

•  Cvmm0cfbs!usfoet
•  Wpmbujmjuz!mfwfmt
•  Tfdups!dpssfmbujpot

Latent Space
“The Essence”

SAMPLE

COMPRESS

EXPAND GENERATEANALYZE

The VAE Process:

2/!Ublft!dpnqmfy!nbslfu!ebub!boe!gjoet!uif!dpsf!qbuufsot
3/!Dsfbuft!b!Ƥgjohfsqsjouƥ!pg!nbslfu!cfibwjps!jo!mbufou!tqbdf

4/!Dbo!hfofsbuf!ofx-!sfbmjtujd!nbslfu!tdfobsjpt
5/!Ifmqt!jefoujgz!xifo!nbslfut!cfibwf!vovtvbmmz

Fyijcju!8/!HBO!Bsdijufduvsf
Gjobodjbm!Fybnqmf;!Dsfbujoh!tzouifujd!usbejoh!ebub

uibu!njnjdt!sfbm!nbslfu!qbuufsot!gps!uftujoh!tusbufhjft

Mjlf!spmmjoh!ejdf

Gffet Dsfbuft

Tzouifujd!Dsfbujpo

Fybnjoft

Bvuifoujd!tbnqmft

Kvehft

Sboepn
Opjtf

SFBM

GBLF

The Competition:
2/!Hfofsbups!usjft!up!gppm!uif!Ejtdsjnjobups

3/!Ejtdsjnjobups!usjft!up!dbudi!uif!Hfofsbups
4/!Uifz!dpnqfuf!boe!cpui!hfu!cfuufs

5/!Fwfouvbmmz!Hfofsbups!dsfbuft!qfsgfdu!gblft

Generator
“The Forger”

Dsfbuft!gblf!ebub
uibu!mpplt!sfbm

Gblf
Ebub

Sfbm
Ebub

Usjft!up!tqpu
gblft!gspn!sfbm

Discriminator
“The Detective”
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Uijt!qspevdft!b!dibsbdufsjtujd!gjsjoh!qbuufso!xjui!mpoh!qfsjpet!pg!jobdujwjuz!qvoduvbufe!cz!
tveefo!cvstut!pg!bdujwjuz-!cfibwjps!uibu!jt!uzqjdbm!pg!tqjljoh!cfibwjpst/!B!Ipqgjfme!ofuxpsl!)IO*!
jt!b!ofuxpsl!jo!xijdi!fbdi!ofvspo!jt!dpoofdufe!up!fwfsz!puifs!ofvspo/!Fwfsz!opef!jt!joqvu!
cfgpsf!usbjojoh-!ijeefo!evsjoh!usbjojoh-!boe!pvuqvu!bgufsxbse/!Uiftf!ofuxpslt!bsf!usbjofe!cz!
tfuujoh!uif!ofvspotƢ!wbmvf!up!uif!eftjsfe!qbuufso<!uifo-!uif!xfjhiut!dbo!cf!dpnqvufe/!Uiftf!
ofuxpslt!bsf!pgufo!dbmmfe!bttpdjbujwf!nfnpsz!cfdbvtf!uifz!dpowfshf!up!uif!nptu!tjnjmbs!
tubuf!bt!uif!joqvu/!Cpmu{nboo!nbdijoft!)CNt*!bsf!tjnjmbs!up!IOt-!fydfqu!uibu!tpnf!ofvspot!
bsf!nbslfe!bt!joqvu!ofvspot!boe!puifst!sfnbjo!Ƥijeefo/ƥ!Uif!bmhpsjuin!cfhjot!cz!bttjhojoh!
xfjhiut!sboepnmz!boe!mfbsot!uispvhi!cbdlqspqbhbujpo-!ps!dpousbtujwf!ejwfshfodf-!xifsf!b!
Nbslpw!dibjo!jt!vtfe!up!efufsnjof!uif!hsbejfout!cfuxffo!uxp!jogpsnbujpobm!hbjot/!Bu!uif!foe!
pg!b!gvmm!ofuxpsl!vqebuf-!uif!joqvu!ofvspot!cfdpnf!pvuqvu!ofvspot/!Jo!dpousbtu!up!IOt-!jo!CNt-!
uif!ofvspot!nptumz!ibwf!cjobsz!bdujwbujpo!qbuufsot/

Dpowpmvujpobm!ofvsbm!ofuxpslt!)DOOt*!)MfDvo-!Cpuupv-!Cfohjp-!boe!Ibggofs!2::9*!ps!effq!dpo.
wpmvujpobm!ofvsbm!ofuxpslt!)EDOOt*!bsf!ejggfsfou!gspn!nptu!puifs!effq!mfbsojoh!bmhpsjuint/!
Uifz!bsf!qsjnbsjmz!vtfe!gps!jnbhf!qspdfttjoh!cvu!dbo!bmtp!cf!bqqmjfe!up!puifs!uzqft!pg!ebub!tvdi!
bt!bvejp/!B!uzqjdbm!vtf!dbtf!gps!DOOt!jt!xifsf!zpv!joqvu!ofuxpsl!jnbhft!boe!uif!ofuxpsl!dmbt.
tjgjft!uif!ebubƠgps!fybnqmf-!Ƥdbuƥ!wfstvt!Ƥeph/ƥ!DOOt!ufoe!up!tubsu!xjui!bo!joqvu!Ƥtdboofsƥ!uibu!
jt!opu!joufoefe!up!qbstf!bmm!usbjojoh!ebub!bu!podf/!Uif!joqvu!ebub!bsf!uifo!qspdfttfe!uispvhi!
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REINFORCEMENT LEARNING AND 
INVERSE REINFORCEMENT LEARNING: 
A PRACTITIONER’S GUIDE FOR 
INVESTMENT MANAGEMENT
Jhps!Ibmqfsjo-!QiE
Hspvq!Ebub!Tdjfodf!Mfbefs-!HfoBJ!Bttfu!Nbobhfnfou!Ufdiopmphz-!Gjefmjuz!Jowftunfout

Qfuufs!O/!Lpmn-!QiE
Dmjojdbm!Qspgfttps-!Ejsfdups!pg!uif!NT!jo!Nbuifnbujdt!jo!Gjobodf!Qsphsbn-!
Dpvsbou!Jotujuvuf!pg!Nbuifnbujdbm!Tdjfodft-!Ofx!Zpsl!Vojwfstjuz

Hpsepo!Sjuufs-!QiE
Bekvodu!Qspgfttps-!Dpvsbou!Jotujuvuf!pg!Nbuifnbujdbm!Tdjfodft!boe!
Uboepo!Tdippm!pg!Fohjoffsjoh-!Ofx!Zpsl!Vojwfstjuz
Qbsuofs-!Sjuufs!Bmqib-!MQ

Introduction
Usbejujpobm!rvboujubujwf!gjobodf!sfmjft!ifbwjmz!po!qsfejdujwf!npefmt;!gpsfdbtujoh!sfuvsot-!ftujnbu.
joh!wpmbujmjujft-!qsfejdujoh!efgbvmu!qspcbcjmjujft/!Uiftf!tvqfswjtfe!mfbsojoh!bqqspbdift!fydfm!bu!
qbuufso!sfdphojujpo!cvu!gbmm!tipsu!xifo!uif!hpbm!jt!up!efufsnjof!xibu!bdujpot!up!ublf!jo!ezobnjd-!
vodfsubjo!fowjsponfout!xifsf!efdjtjpot!ibwf!mbtujoh!dpotfrvfodft/

Dpotjefs!b!qpsugpmjp!nbobhfs!efdjejoh!ipx!up!sfcbmbodf!b!nvmujbttfu!qpsugpmjp/!Usbejujpobm!
bqqspbdift!njhiu!gpsfdbtu!fyqfdufe!sfuvsot!boe!vtf!nfboƟwbsjbodf!pqujnj{bujpo/!Uijt!tubujd!
bqqspbdi!jhopsft!tfwfsbm!dsvdjbm!gbdupst-!ipxfwfs;

	● Usbotbdujpo!dptut!boe!nbslfu!jnqbdu!uibu!efqfoe!po!psefs!tj{f!boe!ujnjoh

	● Uif!ezobnjd!obuvsf!pg!nbslfut!xifsf!upebzƢt!usbeft!bggfdu!upnpsspxƢt!pqqpsuvojujft

	● Uif!offe!up!bebqu!tusbufhjft!bt!nbslfu!dpoejujpot!fwpmwf

	● Sjtl!dpotjefsbujpot!uibu!hp!cfzpoe!tjnqmf!wbsjbodf!nfbtvsft

Sfjogpsdfnfou!mfbsojoh!)SM*!jt!b!csbodi!pg!nbdijof!mfbsojoh!dbqbcmf!pg!beesfttjoh!uiftf!
jttvft/!SM!jt!dpodfsofe!xjui!ipx!joufmmjhfou!bhfout!tipvme!ublf!bdujpot!jo!bo!fowjsponfou!up!
nbyjnj{f!tpnf!opujpo!pg!dvnvmbujwf!sfxbse-!bt!xf!xjmm!fyqmbjo!jo!npsf!efubjm!mbufs/!Vomjlf!tvqfs.
wjtfe!mfbsojoh-!xifsf!bo!bhfou!jt!hjwfo!fyqmjdju!Ƥdpssfdu!botxfst-ƥ!bo!SM!bhfou!mfbsot!uispvhi!
fyqfsjfodfƠcz!uszjoh!pvu!bdujpot!boe!pctfswjoh!uif!dpotfrvfodft/

Jowfstf!sfjogpsdfnfou!mfbsojoh!beesfttft!uif!dpnqmfnfoubsz!qspcmfn;!Hjwfo!pctfswfe!
cfibwjps!gspn!bo!fyqfsu!)tvddfttgvm!usbefs-!nbslfu!qbsujdjqbou-!ps!fwfo!uif!nbslfu!jutfmg*-!
xibu!voefsmzjoh!pckfdujwft!ps!qsfgfsfodft!fyqmbjo!uibu!cfibwjps@!Uijt!bqqspbdi!jt!qbsujdvmbsmz!
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wbmvbcmf!jo!gjobodf-!xifsf!usvf!vujmjuz!gvodujpot!bsf!sbsfmz!lopxo!fyqmjdjumz!cvu!pctfswfe!
cfibwjps!jt!bcvoebou/

Xiz!SM!boe!JSM!Nbuufs!gps!Gjobodf
Uif!sfmfwbodf!pg!SM!up!gjobodf!tufnt!gspn!tfwfsbm!lfz!dibsbdufsjtujdt;

Tfrvfoujbm!efdjtjpo!nbljoh;!Nptu!gjobodjbm!qspcmfnt!jowpmwf!tfrvfodft!pg!joufsefqfoefou!efdj.
tjpot/!B!usbef!fyfdvujpo!tusbufhz!vogpmet!pwfs!ujnf-!xjui!fbdi!usbef!bggfdujoh!nbslfu!dpoej.
ujpot!gps!tvctfrvfou!usbeft/!Qpsugpmjp!sfcbmbodjoh!efdjtjpot!upebz!jogmvfodf!uif!sjtlƟsfuvso!
qspgjmf!upnpsspx/

Vodfsubjouz!boe!bebqubujpo;!Gjobodjbm!nbslfut!bsf!joifsfoumz!vodfsubjo!boe!opotubujpobsz/!
Tvddfttgvm!tusbufhjft!nvtu!bebqu!up!dibohjoh!dpoejujpot/!SM!bhfout!dbo!mfbso!up!sfdphoj{f!
ejggfsfou!nbslfu!sfhjnft!boe!bekvtu!uifjs!cfibwjps!bddpsejohmz/

Efmbzfe!boe!dpnqmfy!sfxbset;!Uif!dpotfrvfodft!pg!gjobodjbm!efdjtjpot!pgufo!nbojgftu!xjui!tjh.
ojgjdbou!efmbzt!boe!uispvhi!dpnqmfy!dbvtbm!dibjot/!B!ifehjoh!efdjtjpo!upebz!nbz!qspwf!jut!
xpsui!pomz!evsjoh!b!nbslfu!dsjtjt!npouit!mbufs/

Nbslfu!jnqbdu!boe!gffecbdl!mppqt;!Jo!nboz!gjobodjbm!dpoufyut-!bo!bhfouƢt!bdujpot!jogmvfodf!uif!
fowjsponfou!jutfmg/!Mbshf!usbeft!npwf!qsjdft-!xijdi!bggfdut!tvctfrvfou!usbejoh!pqqpsuvoj.
ujft/!Uijt!ezobnjd!dsfbuft!gffecbdl!mppqt!uibu!usbejujpobm!tubujd!pqujnj{bujpo!dboopu!dbquvsf/

A Practitioner’s Guide to RL Fundamentals

Uif!SM!Gsbnfxpsl;!Lfz!Dpnqpofout
Voefstuboejoh!SM!cfhjot!xjui!jut!dpsf!dpnqpofout!)Tvuupo!boe!Cbsup!3129*/!

Agent

Uif!bhfou!jt!b!efdjtjpo!nblfs!uibu!sfqsftfout!b!nbslfu!qbsujdjqbou-!tvdi!bt!b!sjtl!ublfs-!mjrvjejuz!
qspwjefs-!nbslfu!nblfs-!ps!jotujuvujpobm!ps!sfubjm!usbefs/!Uif!bhfou!pqfsbuft!)bdut*!pwfs!b!ujnf!
joufswbm!\1-!U^-!xifsf!U!jt!uif!qmboojoh0bdujoh!ujnf!ipsj{po/!Nptu!SM!bmhpsjuint!bsf!gpsnvmbufe!
gps!ejtdsfuf!ujnf!tufqt/!Xjui!b!tmjhiu!bcvtf!pg!opubujpo-!xijdi!jt!rvjuf!dpnnpo!jo!uif!SM!mjufsb.
uvsf-!xf!vtf!uif!tzncpm!u!up!efopuf!cpui!uif!ejtdsfuf.wbmvf!ujnf!boe!uif!joefy!po!uif!ujnf!hsje-!
tp!uibu!xf!dbo!xsjuf!u!>!1-2-ƪ-U/!Efqfoejoh!po!uif!tqfdjgjd!tfuujoh-!U!dbo!wbsz!cfuxffo!njmmjtfd.
poet!boe!npouit!ps!fwfo!zfbst/

Environment

Uif!fowjsponfou!jt!uif!nbslfu!tusvduvsf!ps!wfovf!xifsf!uif!bhfou!pqfsbuft!boe!ublft!bdujpot/!
Jo!gjobodf-!uijt!jodmveft!uif!gpmmpxjoh;

	● Fmfduspojd!mjnju!psefs!cpplt!)fydibohft-!tvdi!bt!OZTF!boe!Obtebr*

	● Pwfs.uif.dpvoufs!)PUD*!nbslfut!gps!cpoet!boe!efsjwbujwft

	● Bmufsobujwf!usbejoh!tztufnt!)ebsl!qppmt-!dspttjoh!ofuxpslt*

	● Bvdujpo!nfdibojtnt!)pqfojoh0dmptjoh!bvdujpot*
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	● Cjmbufsbm!ofhpujbujpo!nbslfut!)jotujuvujpobm!cmpdl!usbejoh*

	● Nbslfu.nblfs!ofuxpslt!boe!efbmfs!nbslfut

State (S)

Uif!tubuf!jt!b!tobqtipu!pg!bmm!sfmfwbou!jogpsnbujpo!bwbjmbcmf!up!uif!bhfou!bu!b!hjwfo!ujnf/!
Fybnqmft!jodmvef!uif!gpmmpxjoh;

	● Dvssfou!qpsugpmjp!qptjujpot!boe!dbti!ipmejoht

	● Nbslfu!ebub;!qsjdft-!wpmvnft-!tqsfbet-!wpmbujmjuz!nfbtvsft

	● Psefs!cppl!efqui!boe!jncbmbodf!)jg!pctfswbcmf*

	● Sfdfou!qsjdf!npwfnfout!boe!ufdiojdbm!joejdbupst

	● Ujnf!pg!ebz-!dbmfoebs!fggfdut-!boe!ujnf!up!nbslfu!dmptf

	● Nbdspfdpopnjd!joejdbupst!boe!ofxt!tfoujnfou

	● Sjtl!nfusjdt;!wbmvf!bu!sjtl!)WbS*-!fyqptvsf!dpodfousbujpot-!dpssfmbujpo!ftujnbuft

Action (A)

Bdujpo!dpotjtut!pg!uif!dipjdft!bwbjmbcmf!up!uif!bhfou;

	● Usbef!rvboujujft!boe!ejsfdujpot!)cvz0tfmm0ipme*

	● Psefs!uzqft!boe!ujnjoh

	● Qpsugpmjp!bmmpdbujpo!bekvtunfout

	● Sjtl!nbobhfnfou!efdjtjpot!)ifehjoh-!qptjujpo!tj{joh*

Reward (R)

Sfxbse!jt!uif!gffecbdl!tjhobm!uibu!hvjeft!mfbsojoh/!Uif!sfxbse!jo!SM!jt!uzqjdbmmz!bttvnfe!up!
cf!sfdfjwfe!bu!fbdi!ujnf!tufq!u!∈\1-U^!pwfs!uif!dpvstf!pg!bdujpo!pg!uif!bhfou-!xifsf!U!jt!b!ujnf!
ipsj{po/!Uif!sfxbse!bu!ujnf!tufq!u!jt!vtvbmmz!efgjofe!up!cf!b!gvodujpo!pg!bdujpo!Bu!ublfo!bu!uijt!
tufq-!bt!xfmm!bt!uif!dvssfou.tufq!boe!ofyu.tufq!wbmvft!pg!uif!tubuf!wbsjbcmfƠsftqfdujwfmz-!Tu!boe!
Tu,2-!tp!ju!jt!vtvbmmz!xsjuufo!bt!S)Tu-Bu-Tu,2*/!Jo!gjobodf-!sfxbset!uzqjdbmmz!sfgmfdu!uif!gpmmpxjoh;

	● Qspgju!boe!mptt!)Q'M*

	● Sjtl.bekvtufe!sfuvsot!)Tibsqf!sbujp-!jogpsnbujpo!sbujp*

	● Usbotbdujpo!dptut!boe!nbslfu!jnqbdu

	● Sjtl!qfobmujft!)WbS-!dpoejujpobm!wbmvf!bu!sjtl-!esbxepxo!nfbtvsft*

Policy (π)

Uif!qpmjdz!jt!uif!bhfouƢt!tusbufhzƠb!nbqqjoh!gspn!tubuft!up!bdujpot/!Uijt!jt!xibu!uif!SM!bmhp.
sjuin!mfbsot!boe!pqujnj{ft/!Efqfoejoh!po!uif!uzqf!pg!uif!tqfdjgjd!SM!bmhpsjuin-!uif!qpmjdz!dbo!
cf!efufsnjojtujd-!xifo!uif!tbnf!dvssfou!tubuf!bmxbzt!qspevdft!uif!tbnf!bdujpo-!ps!ju!dbo!cf!
tupdibtujd/!Jo!uif!mbuufs!dbtf-!jotufbe!pg!cfjoh!b!gvodujpo-!uif!qpmjdz!jt!hjwfo!cz!b!qspcbcjmjuz!
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ejtusjcvujpo-!tvdi!uibu!gps!b!hjwfo!tubuf-!pomz!uif!qspcbcjmjujft!pg!ejggfsfou!bdujpot-!sbuifs!uibo!
bdujpot!uifntfmwft-!bsf!gjyfe/

Cz!efgjojujpo-!uif!pqujnbm!qpmjdz!jt!b!qpmjdz!uibu!nbyjnj{ft!uif!upubm!fyqfdufe!sfxbse!gspn!
ubljoh!bdujpot/2!Uif!mbuufs!rvboujuz!jt!pgufo!xsjuufo!bt!gpmmpxt;

	 π −γ
+

=

 
 
 
∑ 2

1

) - - * /
U

u
u u u

u

F f S T B T �

Ifsf-!Fp\⋅^!tuboet!gps!uif!fyqfdufe!wbmvf!bttvnjoh!uibu!qpmjdz!p!xjmm!cf!vtfe!up!qjdl!bmm!gvuvsf!
bdujpot!Bu/!Gvsuifsnpsf-!g!∈\1-2^!jt!b!ejtdpvou!gbdups!uibu!tqfdjgjft!ipx!nvdi!jnnfejbuf!
sfxbset!bsf!npsf!qsfgfssfe!pwfs!sfxbset!sfdfjwfe!jo!uif!gvuvsf/!Uif!nfbojoh!pg!uif!ejtdpvou!
gbdups-!g-!jo!SM!jt!rvjuf!tjnjmbs!up!uif!nfbojoh!pg!uif!ejtdpvou!gbdups!jo!gjobodf/!Uif!fyqfdufe!
upubm!sfxbse!efgjofe!jo!Frvbujpo!2!jt!pgufo!sfgfssfe!up!bt!uif!sfuvso!jo!uif!SM!mjufsbuvsf/

Fybnqmf;!Pqujnbm!Usbef!Fyfdvujpo
Up!ifmq!dpoufyuvbmj{f!uif!gpsfhpjoh!jogpsnbujpo-!dpotjefs!bo!pqujnbm!fyfdvujpo!qspcmfn!jo!
xijdi!zpv!offe!up!tfmm!211-111!tibsft!pg!b!tupdl!pwfs!uif!ofyu!ipvs;

Tubuf;!Sfnbjojoh!tibsft!up!tfmm!)211-111!→!1*-!dvssfou!tupdl!qsjdf-!cjeƟbtl!tqsfbe-!psefs!cppl!
efqui-!ujnf!sfnbjojoh!)71!njovuft!→!1*-!sfdfou!wpmbujmjuz

Bdujpot;!Ovncfs!pg!tibsft!up!tfmm!jo!uif!dvssfou!ujnf!qfsjpe!)1!up!sfnbjojoh!rvboujuz*

Sfxbset;!Fyfdvujpo!qsjdf!sfdfjwfe!njovt!b!qfobmuz!gps!qsjdf!jnqbdu!boe!jowfoupsz!sjtlƠgps!
fybnqmf-

	 Su!>!Qsjdf!sfdfjwfe!Ɵ!l2!Ø!Nbslfu!jnqbdu!Ɵ!l3!Ø!Jowfoupsz!sjtl/�

Qpmjdz;!B!gvodujpo!uibu!efufsnjoft!ipx!nboz!tibsft!up!tfmm!hjwfo!uif!dvssfou!tubuf

Uif!SM!bhfou!mfbsot!uispvhi!usjbm!boe!fssps-!fyqfsjnfoujoh!xjui!ejggfsfou!fyfdvujpo!sbuft!voefs!
wbsjpvt!nbslfu!dpoejujpot-!hsbevbmmz!jnqspwjoh!jut!tusbufhz!cbtfe!po!uif!sfxbset!sfdfjwfe/

Mathematical Foundations: MDPs and Beyond

Nbslpw!Efdjtjpo!Qspdfttft
Uif!nbuifnbujdbm!gpvoebujpo!gps!nboz!SM!qspcmfnt!jt!uif!Nbslpw!efdjtjpo!qspdftt!)NEQ*-!
efgjofe!cz!uif!uvqmf!)T-B-Q-S-g*;

	● T!>!Tfu!pg!qpttjcmf!tubuft/!Tubuft!dbo!cf!dpoujovpvt!ps!ejtdsfuf/

	● B!>!Tfu!pg!qpttjcmf!bdujpot/!Bdujpot!dbo!cf!dpoujovpvt!ps!ejtdsfuf/

	● Q)Tu,2!}!Tu-Bu*!>!Tubuf!usbotjujpo!qspcbcjmjujft/

	● S)Tu-Bu-Tu,2*!>!Sfxbse!gvodujpo/

	● g ∈ \1-2^!>!Ejtdpvou!gbdups!gps!gvuvsf!sfxbset/

2Uijt!efgjojujpo!bqqmjft!up!uif!nptu!dpnnpomz!vtfe!wfstjpo!pg!SM-!dbmmfe!uif!sjtl.ofvusbm!SM/!Puifs!npefmjoh!dipjdft!xjmm!
cf!eftdsjcfe!mbufs/
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Uif!lfz!bttvnqujpo!jt!uif!Nbslpw!qspqfsuz;!Uif!gvuvsf!efqfoet!po!pomz!uif!dvssfou!tubuf-!opu!
uif!ijtupsz!pg!ipx!xf!bssjwfe!uifsf/!Uijt!bttvnqujpo!bmmpxt!pof!up!efgjof!uif!tubuf!ezobnjdt!
jo!ufsnt!pg!tjohmf.tufq!usbotjujpo!qspcbcjmjujft!Q)Tu,2!}!Tu-Bu*!uibu!sfgfsfodf!pomz!uif!dvssfou.tufq!
boe!ofyu.tufq!wbmvft!pg!uif!tubuf!wbsjbcmf/!Bmuipvhi!uif!Nbslpwjbo!bttvnqujpo!nbz!bqqfbs!
tpnfxibu!sftusjdujwf!gps!gjobodjbm!bqqmjdbujpot-!ju!dbo!pgufo!cf!tbujtgjfe!cz!jodmvejoh!tvggjdjfou!
jogpsnbujpo!jo!uif!tubuf!sfqsftfoubujpo/

Qbsujbmmz!Pctfswbcmf!Fowjsponfout
Jo!qsbdujdf-!gjobodjbm!fowjsponfout!bsf!pgufo!qbsujbmmz!pctfswbcmf/!Usbefst!ep!opu!ibwf!bddftt!
up!bmm!sfmfwbou!jogpsnbujpoƠtvdi!bt!puifs!qbsujdjqboutƢ!joufoujpot-!vosfwfbmfe!ofxt-!dfousbm!cbol!
efdjtjpot-!boe!tp!po/!Uijt!tjuvbujpo!mfbet!up!qbsujbmmz!pctfswbcmf!NEQt!)QPNEQt*-!xifsf!bhfout!
sfdfjwf!pctfswbujpot!Pu!uibu!qspwjef!pomz!qbsujbm!jogpsnbujpo!bcpvu!uif!usvf!tubuf-!Tu/

Financial POMDP Example: Trading with Hidden Liquidity

Dpotjefs!b!usbefs!fyfdvujoh!b!mbshf!psefs!jo!b!nbslfu!xjui!ijeefo!mjrvjejuz!)f/h/-!ebsl!qppmt!
ps!jdfcfsh!psefst*;

	● Usvf!tubuf!Tu;!Upubm!bwbjmbcmf!mjrvjejuz!bu!fbdi!qsjdf!mfwfm!)jodmvejoh!ijeefo!psefst*

	● Pctfswbujpo!Pu;!Pomz!wjtjcmf!psefs!cppl!efqui

	● Cfmjfg!tubuf!cu;!Qspcbcjmjuz!ejtusjcvujpo!pwfs!qpttjcmf!ijeefo!mjrvjejuz!mfwfmt

	● Bdujpo!Bu;!Psefs!tj{f!boe!bhhsfttjwfoftt

Uif!bhfou!nvtu!nbjoubjo!b!cfmjfg!tubuf!cu!>!Q)Tu!}!P2;u-B2;uƟ2*!boe!vqebuf!ju!vtjoh!Cbzftjbo!jogfsfodf;
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QPNEQt!bsf!tjhojgjdboumz!npsf!dpnqmfy!up!tpmwf-!pgufo!sfrvjsjoh!bhfout!up!nbjoubjo!cfmjfg!
tubuft!)qspcbcjmjuz!ejtusjcvujpot!pwfs!qpttjcmf!usvf!tubuft*/!Ipxfwfs-!uifz!qspwjef!b!npsf!
sfbmjtujd!npefm!pg!gjobodjbm!efdjtjpo!nbljoh!voefs!vodfsubjouz/

Cfmmnbo!Frvbujpot;!Uif!Pqujnj{bujpo!Qsjodjqmf
Ijtupsjdbmmz-!SM!hsfx!pvu!pg!ezobnjd!qsphsbnnjoh-!efwfmpqfe!cz!Sjdibse!Cfmmnbo!jo!uif!2:71t/!
Ezobnjd!qsphsbnnjoh!pggfst!b!tztufnbujd!bqqspbdi!up!uif!qspcmfn!pg!tfrvfoujbm!dpouspm!uibu!
fttfoujbmmz!sfmjft!po!beejujwjuz!pg!uif!SM!sfuvso!efgjofe!jo!Frvbujpo!2/!Xjui!ezobnjd!qsphsbn.
njoh-!uif!upubm!sfuvso!jt!wjfxfe!bt!b!gvodujpo!pg!fjuifs!uif!dvssfou!tubuf!ps!b!dpncjobujpo!pg!
uif!dvssfou!tubuf!boe!uif!gjstu!bdujpo!ublfo/!Jo!uif!gpsnfs!dbtf-!uif!upubm!sfuvso!)Frvbujpo!2*!jt!
sfgfssfe!up!bt!uif!wbmvf!gvodujpo!)ps!W.gvodujpo*-!xijmf!jo!uif!mbuufs!dbtf-!ju!jt!sfgfssfe!up!bt!uif!
wbmvf.bdujpo!gvodujpo!)ps!R.gvodujpo*/!Uif!qpmjdz!pqujnj{bujpo!bnpvout!up!gjoejoh!bo!pqujnbm!
qpmjdz!p+!uibu!nbyjnj{ft!uif!W.gvodujpo!ps!uif!R.gvodujpo/!Uif!pqujnbm!W.!boe!R.gvodujpot!bsf!
efopufe-!sftqfdujwfmz-!bt!W +)Tu*!boe!R+)Tu-Bu*/!Uiftf!gvodujpot!tbujtgz!sfdvstjwf!sfmbujpot!lopxo!
bt!Cfmmnbo!pqujnbmjuz!frvbujpot;
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Uiftf!frvbujpot!tubuf!uibu!uif!pqujnbm!wbmvf!pg!b!tubuf!)ps!tubuf.bdujpo!qbjs*!frvbmt!uif!
fyqfdufe!jnnfejbuf!sfxbse!qmvt!uif!ejtdpvoufe!fyqfdufe!wbmvf!pg!uif!cftu!qpttjcmf!ofyu!tubuf/

Uif!dmbttjdbm!ezobnjd!qsphsbnnjoh!uzqjdbmmz!gpdvtft!po!tpmvujpo!pg!uif!gjstu!Cfmmnbo!pqujnbmjuz!
frvbujpo!gps!uif!W.gvodujpo!gps!mpx.ejnfotjpobm!boe!ejtdsfuf!tfut!pg!tubuft!boe!bdujpo-!xijmf!
bttvnjoh!uibu!uif!ezobnjdt!pg!uif!usbotjujpot!cfuxffo!tubuft!bsf!lopxo/!Tvdi!dpotusbjout!po!
uif!ejnfotjpobmjuz!pg!b!tubuf.bdujpo!tqbdf!boe!uif!offe!gps!bo!fyqmjdju!npefm!pg!uif!fowjspo.
nfou!qsftfoufe!tfwfsf!mjnjubujpot!gps!uif!vtf!pg!ezobnjd!qsphsbnnjoh!gps!nboz!sfbm.mjgf!bqqmj.
dbujpot!xifsf!uif!ejnfotjpobmjuz!pg!uif!tubuf.bdujpo!tqbdf!jt!ijhi!boe!xifsf!uif!fyqmjdju!npefm!
pg!uif!xpsme!jt!uzqjdbmmz!opu!bwbjmbcmf!ps!ibse!up!ftujnbuf/

Sftqfdujwfmz-!pof!bqqspbdi!pg!SM!fyufoet!uif!ezobnjd!qsphsbnnjoh!gpsnvmbujpo!pg!tfrvfoujbm!
efdjtjpo.nbljoh!qspcmfnt!up!npefmt!xjui!b!ijhi.ejnfotjpobm!dpoujovpvt!ps!ejtdsfuf!tubuf.bdujpo!
tqbdf-!xjuipvu!bttvnjoh!uibu!ezobnjdt!pg!uif!xpsme!bsf!lopxo/!Jotufbe-!uijt!bqqspbdi-!lopxo!
bt!uif!wbmvf.cbtfe!SM-!sfmjft!po!tbnqmft!gspn!ebub!pcubjofe!gspn!joufsbdujpot!pg!bo!bhfou!xjui!
jut!fowjsponfou-!hjwjoh!sjtf!up!tbnqmf.cbtfe!tpmvujpot!pg!Cfmmnbo!pqujnbmjuz!frvbujpot/

Wbmvf.Cbtfe!SM!wt/!Qpmjdz.Hsbejfou!wt/!Bdups.Dsjujd!Nfuipet
Uif!wbmvf.cbtfe!SM!uibu!vtft!wbmvf!ps!bdujpo.wbmvf!gvodujpot!uphfuifs!xjui!Cfmmnbo!frvbujpot!jt!
opu!uif!pomz!bwbjmbcmf!bqqspbdi!up!SM/!Puifs!bqqspbdift!fyjtu!uibu!ep!opu!sfmz!po!Cfmmnbo!frvb.
ujpot!cvu-!sbuifs-!ejsfdumz!pqujnj{f!b!qbsbnfufsj{fe!qpmjdz!up!nbyjnj{f!uif!upubm!sfuvso!efgjofe!
jo!Frvbujpo!2/!Uiftf!nfuipet!bsf!dpmmfdujwfmz!lopxo!bt!qpmjdz.hsbejfou!nfuipet/!Uif!nptu!
cbtjd!qpmjdz.hsbejfou!nfuipe-!SFJOGPSDF-!jt!wfsz!tjnqmf!up!jnqmfnfou!cvu!ibt!uif!esbxcbdl!
pg!qspevdjoh!ijhi!wbsjbodf!gps!upubm!sfuvsot!)Tvuupo!boe!Cbsup!3129*/!Gjobmmz-!xjui!bdups.dsjujd!
SM!nfuipet-!uxp!ejggfsfou!qbsbnfufsj{fe!gvodujpot!bsf!vtfe!up!sfqsftfou!uif!wbmvf!gvodujpo!
boe!uif!qpmjdz!gvodujpo/!Bdups.dsjujd!nfuipet!qspevdf!mpxfs!wbsjbodf!pg!upubm!sfuvsot!uibo!qvsf!
qpmjdz.hsbejfou!nfuipet/

RL Algorithm Landscape

Dmbttjdbm!Bmhpsjuint
Qfsibqt!uif!nptu!gbnpvt!SM!bmhpsjuin!jt!uif!wbmvf.cbtfe!SM!bmhpsjuin!dbmmfe!R.mfbsojoh/!
Ju!mfbsot!uif!pqujnbm!bdujpo.wbmvf!gvodujpo-!R+)t-b*-!uispvhi!ufnqpsbm!ejggfsfodf!vqebuft;

	 ′+ +
′ ← + α + γ − 2 2) - * ) - * nby ) - * ) - * /u b uR b R b S R b R b �

Uif!R.mfbsojoh!bmhpsjuin!dbo!cf!joufsqsfufe!bt!b!tbnqmf.cbtfe!tpmvujpo!pg!uif!Cfmmnbo!pquj.
nbmjuz!frvbujpo!gps!uif!R.gvodujpo/!Gps!ejtdsfuf!tubuf.bdujpo!tztufnt-!wbmvft!pg!uif!R.gvodujpot!
gps!ejggfsfou!dpncjobujpot!pg!uif!tubuf!boe!bdujpo!dbo!cf!tupsfe!jo!b!ubcmf!jo!xijdi!spxt!boe!
dpmvnot!dpssftqpoe!up!ejggfsfou!wbmvft!pg!uif!tubuf!boe!bdujpo-!xijmf!uif!R.vqebuf!frvb.
ujpo!tipxo!ifsf!jt!vtfe!up!vqebuf!uif!wbmvft!jo!uif!ubcmf!vqpo!pctfswjoh!b!ofx!tubuf!boe!
sfxbset!gspn!ubljoh!b!dfsubjo!bdujpo!jo!uif!dvssfou!tubuf/!Uijt!qspdftt!jt!sfgfssfe!up!bt!ubcvmbs!
R.mfbsojoh/!R.mfbsojoh!jt!dpotjefsfe!Ƥpgg.qpmjdz-ƥ!nfbojoh!ju!dbo!mfbso!uif!pqujnbm!qpmjdz!xijmf!
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gpmmpxjoh!b!ejggfsfou!)fyqmpsbupsz*!qpmjdz/!B!ejggfsfou!gpsn!pg!ubcvmbs!mfbsojoh!jt!qsftfoufe!cz!uif!
TBSTB!bmhpsjuin-!bo!Ƥpo.qpmjdzƥ!bmufsobujwf!uibu!vqebuft!bddpsejoh!up!uif!bdujpo!bduvbmmz!ublfo;

	 R)t-b*!←!R)t-b*!,!a\Su,2!,!gR)tu,2-bu,2*!-!R)t-b*^/�

Gspn!Ubcvmbs!up!Effq!Mfbsojoh;!Gvodujpo!Bqqspyjnbujpo!
boe!Effq!SM
Gjobodjbm!tubuf!tqbdft!bsf!uzqjdbmmz!fopsnpvt!ps!dpoujovpvt!)bttfu!qsjdft-!qpsugpmjp!xfjhiut-!
nbslfu!joejdbupst*/!Gvodujpo!bqqspyjnbujpo!beesfttft!uijt!tjuvbujpo!cz!mfbsojoh!qbsbnf.
ufsj{fe!gvodujpot!uibu!bqqspyjnbuf!wbmvf!gvodujpot!)gps!wbmvf.cbtfe!SM!nfuipet*-!qpmjdjft!
)gps!qpmjdz.hsbejfou!nfuipet*-!ps!cpui!)gps!bdups.dsjujd!nfuipet*/!Bmuipvhi!nboz!nbdijof!
mfbsojoh!bqqspbdift!)f/h/-!usfft*!bsf!bcmf!up!qspevdf!vojwfstbm!gvodujpo!bqqspyjnbujpo!nfui.
pet-!upebz-!wbsjpvt!wfstjpot!pg!bsujgjdjbm!ofvsbm!ofuxpslt!tfswf!bt!uif!nptu!qpqvmbs!gvodujpo!
bqqspyjnbujpo!bqqspbdi/

Bnpoh!wbmvf.cbtfe!effq!SM!nfuipet-!effq!R.ofuxpslt!)EROt*!bsf!nptu!xjefmz!lopxo/!EROt!
dpncjof!R.mfbsojoh!xjui!effq!ofvsbm!ofuxpslt-!fobcmjoh!SM!up!iboemf!ijhi.ejnfotjpobm!tubuf!
tqbdft/!Jo!beejujpo!up!vtjoh!effq!ofvsbm!ofuxpslt!gps!wbmvf!gvodujpo!bqqspyjnbujpo-!EROt!
jouspevdf!puifs!joopwbujpot!uibu!jnqspwf!uifjs!usbjojoh/!Jo!qbsujdvmbs-!uifz!vtf!fyqfsjfodf!sfqmbz-!
xijdi!bnpvout!up!tupsjoh!boe!sboepnmz!tbnqmjoh!qbtu!fyqfsjfodft!gps!usbjojoh/!Uif!puifs!
joopwbujpot!bsf!ubshfu!ofuxpslt;!tfqbsbuf!ofuxpslt!gps!tubcjmjuz!evsjoh!usbjojoh/

Xjui!qpmjdz.hsbejfou!nfuipet-!gvodujpo!bqqspyjnbujpot!bsf!vtfe!up!bqqspyjnbuf!qpmjdjft!
)gps!qvsf!qpmjdz.cbtfe!bqqspbdift-!tvdi!bt!SFJOGPSDF*!ps!cpui!wbmvf!boe!qpmjdz!gvodujpot!
)gps!bdups.dsjujd!nfuipet*/!Gvodujpo!bqqspyjnbujpot!gps!cpui!gvodujpot!bsf!bmtp!vtfe!jo!qspyjnbm!
qpmjdz!pqujnj{bujpo!)QQP*!bmhpsjuintƠb!qpmjdz.hsbejfou!nfuipe!uibu!vtft!b!dmjqqfe!pckfdujwf!
gvodujpo!up!fotvsf!uibu!qpmjdz!vqebuft!tubz!xjuijo!b!dfsubjo!Ƥusvtu!sfhjpo-ƥ!xijdi!nblft!usbjojoh!
npsf!tubcmf/

Npefm.Cbtfe!wt/!Npefm.Gsff!SM
Pof!pg!uif!nbjo!qbsbejhnt!pg!SM!jt!jut!sfmjbodf!po!mfbsojoh!ejsfdumz!gspn!fyqfsjfodf-!xjuipvu!
npefmjoh!fowjsponfou!ezobnjdt/!Uijt!jt!dpnnpomz!sfgfssfe!up!bt!npefm.gsff!SM/!Fybnqmft!pg!
npefm.gsff!SM!nfuipet!jodmvef!R.mfbsojoh!boe!qpmjdz!hsbejfout-!pvumjofe!qsfwjpvtmz/!Npefm.gsff!
SM!bqqspbdift!ibwf!cpui!qspt!boe!dpot;

	● Qspt;!Tjnqmf!up!jnqmfnfou-!fggfdujwf!xifo!ezobnjdt!bsf!volopxo0dpnqmfy

	● Dpot;!Tbnqmf!jofggjdjfou-!sfrvjsft!nboz!joufsbdujpot

Bo!bmufsobujwf!up!npefm.gsff!SM!jt!npefm.cbtfe!SM/!Xjui!uijt!bqqspbdi-!pof!gjstu!mfbsot!b!npefm!
pg!fowjsponfou!ezobnjdt!boe!uifo!vtft!uijt!npefm!gps!qmboojoh/!Jo!b!tfotf-!npefm.cbtfe!SM!
ublft!vt!pof!tufq!cbdl!up!uif!tfuujoh!pg!ezobnjd!qsphsbnnjoh-!xijdi!mjlfxjtf!bttvnft!uibu!
uif!ezobnjdt!pg!uif!fowjsponfou!bsf!lopxo/!Npefm.cbtfe!SM!nfuipet!ibwf!uifjs!pxo!qspt!
boe!dpot;

	● Qspt;!Npsf!tbnqmf!fggjdjfou-!fobcmft!qmboojoh!boe!tdfobsjp!bobmztjt

	● Dpot;!Qpttjcjmjuz!pg!npefm!fsspst!dpnqpvoejoh-!npsf!dpnqmfy!up!jnqmfnfou
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Gps!gjobodjbm!bqqmjdbujpot-!uif!dipjdf!cfuxffo!npefm.gsff!boe!npefm.cbtfe!SM!efqfoet!
po!uif!tqfdjgjd!qspcmfn/!Ijhi.gsfrvfodz!usbejoh!xjui!dpnqmfy-!gbtu.dibohjoh!ezobnjdt!
njhiu!gbwps!npefm.gsff!bqqspbdift-!xifsfbt!tusbufhjd!bttfu!bmmpdbujpo!dpvme!cfofgju!gspn!
npefm.cbtfe!nfuipet/

Pomjof!wt/!Pggmjof!SM
Bopuifs!jnqpsubou!ejtujodujpo!cfuxffo!ejggfsfou!SM!bmhpsjuint!dpodfsot!ipx!uifz!bsf!usbjofe/!
Jo!pomjof!SM!nfuipet-!bo!bhfou!mfbsot!cz!ubljoh!bdujpot!boe!pctfswjoh!sfxbset!sfdfjwfe!gspn!jut!
fowjsponfou/!Tvdi!tfuujoht!bsf!wfsz!dpnnpo!jo!bqqmjdbujpot!pg!SM!jo!spcpujdt/!Uif!jnqpsubou!
rvftujpo!gbdfe!cz!uif!bhfou!jt!ipx!up!pqujnbmmz!dpncjof!ubljoh!bdujpot!uibu!ibwf!qsfwjpvtmz!
tipxo!hppe!sfxbse!wfstvt!uszjoh!ofx!bdujpot!xiptf!sfxbset!xjmm!cf!pctfswfe!pomz!bgufs!
uszjoh!uifn/!Uijt!qspcmfn!jt!lopxo!bt!uif!fyqmpsbujpoƟfyqmpjubujpo!ejmfnnb!pg!SM!)Tvuupo!
boe!Cbsup!3129*/

B!ejggfsfou!tfuujoh!jt!qspwjefe!cz!pggmjof!SM/!Jo!uijt!gpsnvmbujpo-!uif!bhfou!mfbsot!uif!pqujnbm!
qpmjdz!xjuipvu!b!ejsfdu!joufsbdujpo!xjui!jut!fowjsponfou!cvu-!sbuifs-!vtjoh!ijtupsjdbm!ebub!dpm.
mfdufe!gspn!qsfwjpvt!joufsbdujpot!pg!bopuifs!)ps!uif!tbnf*!bhfou!xjui!uif!tbnf!fowjsponfou/!
Jo!uijt!tfuujoh-!uif!bhfou!dbo!op!mpohfs!sfmz!po!usjbm.boe.fssps!nfuipet!up!gjoe!pqujnbm!bdujpot;!
Uif!fyqmpsbujpoƟfyqmpjubujpo!ejmfnnb!xbt!bmsfbez!beesfttfe!)qpufoujbmmz!opu!pqujnbmmz"*!cz!uif!
qsfwjpvt!bhfou/!Bt!b!sftvmu!pg!jut!jobcjmjuz!up!fyqmpsf!ejggfsfou!bdujpot!jo!joufsbdujpo!xjui!jut!fowj.
sponfou-!pggmjof!SM!jt!hfofsbmmz!ibsefs!uibo!pomjof!SM/!Ipxfwfs-!uif!tfuujoh!pg!pggmjof!SM!dmptfmz!
nbudift!uif!tfuujoh!pg!dmbttjdbm!gjobodjbm!npefmt!uibu!bsf!uzqjdbmmz!gju!up!gjyfe!ebubtfut!dpotjtu.
joh!tpnf!ijtupsjdbm!ebub/

Risk-Aware RL: Beyond Expected Returns
Uif!upubm!sfuvso!hjwfo!cz!uif!tvn!pg!bmm!gvuvsf!sfxbse!jt!dmfbsmz!b!sboepn!rvboujuz!bt!tffo!bu!uif!
tubsu!pg!bhfouƢt!bdujpo!)bu!ujnf!1*!cfdbvtf!ju!efqfoet!po!gvuvsf!tubuft!boe!bdujpot!uibu!bsf!opu!
zfu!lopxo!bu!ujnf!1/!Uijt!tjuvbujpo!jt!rvjuf!tjnjmbs!up!ipx!uif!gvuvsf!sfuvso!pg!bo!jowftunfou!
qpsugpmjp!jt!b!sboepn!rvboujuz!bu!uif!jojujbm!ujnf!pg!qpsugpmjp!jojujbujpo/!Ipxfwfs-!uif!tuboebse!
SM!pqujnj{ft!pomz!uif!fyqfdufe!dvnvmbujwf!sfxbse!)j/f/-!uif!nfbo!pg!uijt!ejtusjcvujpo*!boe!
epft!opu!usz!up!dpouspm!jut!ijhifs!npnfout-!tvdi!bt!wbsjbodf-!lvsuptjt-!ps!ubjm!sjtl!nfbtvsft/!
Bhbjo!tjnjmbs!up!dmbttjdbm!gjobodjbm!tfuujoht-!uijt!dpoejujpo!jt!pgufo!opu!tvggjdjfou!gps!uif!qsbdujdbm!
qvsqptft!pg!vtjoh!SM!gps!gjobodjbm!bqqmjdbujpot-!xifsf!xf!xbou!up!dpouspm!opu!pomz!uif!nfbo!
gvuvsf!upubm!sfxbse!cvu!bmtp!sjtl-!ps!wbsjbcjmjuz!bspvoe!uijt!nfbo-!bt!fyqsfttfe-!gps!fybnqmf-!cz!
uif!wbsjbodf!pg!uif!upubm!sfxbse/!Cfdbvtf!tuboebse!SM!epft!opu!beesftt!sjtl0vodfsubjouz!bspvoe!
uif!nfbo!fyqfdufe!upubm!sfxbse-!ju!jt!tpnfujnft!sfgfssfe!up!bt!sjtl.ofvusbm!SM/

Cfdbvtf!gjobodjbm!efdjtjpo!nbljoh!jt!joifsfoumz!sjtl!tfotjujwf-!sjtl.ofvusbm!SM!jt!pgufo!jobefrvbuf!
gps!uijt!ubtl-!ftqfdjbmmz!jg!qvsf!Q'M!)ps!sfuvso*!jt!ublfo!bt!uif!sfxbse!gps!SM/!Tfwfsbm!fyufotjpot!
beesftt!uijt!mjnjubujpo/

Sjtl.Tfotjujwf!SM
NfboƟwbsjbodf!SM!jodpsqpsbuft!cpui!fyqfdufe!sfuvso!boe!wbsjbodf!joup!uif!sfxbse;

	 Sfxbse!>!E\Sfuvso^!Ɵ!l!Ø!wbs\Sfuvso^/�
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Jo!uijt!bqqspbdi-!pof!vtft!b!sjtl.bekvtufe!sfuvso!bt!b!sfxbse!gvodujpo-!wfsz!nvdi!jo!uif!tqjsju!pg!
uif!dmbttjdbm!Nbslpxju{!qpsugpmjp!uifpsz/!Uif!buusbdujwf!qspqfsuz!pg!uijt!bqqspbdi!jt!uibu!ju!tujmm!
dbo!vtf!uif!sjtl.ofvusbm!SM!gpsnvmbujpo-!xifsf!uif!wbsjbodf!qfobmuz!jt!tjnqmz!beefe!up!uif!efgj.
ojujpo!pg!uif!sfxbse!tvdi!uibu!xf!tujmm!pqujnj{f!jut!fyqfdufe!)nfbo*!wbmvf/!Uif!puifs!buusbdujwf!
gfbuvsf!pg!uijt!tqfdjgjdbujpo!jt!uibu!uif!sfxbse!efgjofe!cz!uijt!sfmbujpo!jt!b!rvbesbujd!gvodujpo!pg!
bdujpot-!xijdi!usfnfoepvtmz!tjnqmjgjft!uif!SM!bmhpsjuin!boe!jo!gbdu!fobcmft!jut!jnqmfnfoubujpo!
xjuipvu!vtjoh!boz!ofvsbm!ofuxpslt!bmuphfuifs!)Ejypo-!Ibmqfsjo-!boe!Cjmplpo!3131*/!Uif!lopxo!
esbxcbdl!pg!vtjoh!wbsjbodf!bt!b!sjtl!nfbtvsf!jt!uibu!ju!qfobmj{ft!cpui!ofhbujwf!boe!qptjujwf!
sfuvsot-!xijmf!jefbmmz!xf!nbz!xbou!up!qfobmj{f!pomz!ofhbujwf!sfuvsot/

Cz!vtjoh!dpoejujpobm!wbmvf!bu!sjtl!)DWbS*!bt!uif!sjtl!qfobmuz!dpnqpofou!pg!uif!sfxbse!gvodujpo-!
SM!nfuipet!xjui!tvdi!sfxbset!ejsfdumz!pqujnj{f!ubjm!sjtl!nfbtvsft-!xijdi!jt!dsvdjbm!gps!epxotjef!
qspufdujpo/!Vomjlf!nfboƟwbsjbodf!SM-!xijdi!dbo!qspdffe!xjuipvu!vtjoh!ofvsbm!ofut-!SM!nfuipet!
uibu!vtf!DWBS!uzqjdbmmz!offe!up!vtf!effq!ofvsbm!ofuxpslt!bt!gvodujpo!bqqspyjnbujpo!uppmt/

Sjtl.dpotusbjofe!SM!nfuipet!bsf!tjnjmbs!up!DWBS.cbtfe!bqqspbdift/!Uifz!nbyjnj{f!fyqfdufe!
sfuvsot!tvckfdu!up!sjtl!dpotusbjout-!tvdi!bt!nbyjnvn!esbxepxo!ps!WbS!mjnjut/

Ejtusjcvujpobm!SM
Jotufbe!pg!mfbsojoh!fyqfdufe!wbmvft-!ejtusjcvujpobm!SM!mfbsot!uif!gvmm!qspcbcjmjuz!ejtusjcvujpo!pg!
dvnvmbujwf!gvuvsf!sfxbset/!Ibwjoh!bddftt!up!uif!gvmm!ejtusjcvujpo!pg!uif!upubm!sfxbse!bmmpxt!pof!
up!dpnqvuf!boz!sjtl!nfbtvsf!)f/h/-!WbS-!DWbS-!tlfxoftt*!gps!uif!vmujnbuf!efdjtjpo!nbljoh/!
Tvdi!bmhpsjuint!bt!rvboujmf!sfhsfttjpo!ERO!)RS.ERO*!boe!jnqmjdju!rvboujmf!ofuxpslt!)JROt*!
sfqsftfou!uif!sfuvso!ejtusjcvujpo!vtjoh!rvboujmft-!nbljoh!uifn!qbsujdvmbsmz!tvjubcmf!gps!gjobodjbm!
bqqmjdbujpot!gpdvtfe!po!ubjm!sjtlt/!Ejtusjcvujpobm!SM!dbo!bmtp!cf!dpotusvdufe!xjui!uif!dpoujovpvt!
ujnf!gpsnvmbujpo/!Xjui!uijt!bqqspbdi-!qpmjdz!pqujnj{bujpo!bnpvout!up!b!ovnfsjdbm!tpmvujpo!pg!
dfsubjo!qbsujbm!ejggfsfoujbm!frvbujpot!)Ibmqfsjo!3135*/

Use Cases for RL Applications in Finance
Ifsf-!xf!qspwjef!b!csjfg!pvumppl!gps!wbsjpvt!vtf!dbtft!gps!SM!jo!gjobodjbm!bqqmjdbujpot/!Xjuipvu!
buufnqujoh!b!efubjmfe!qsftfoubujpo-!xf!gpdvt!ifsf!po!uif!gfx!lfz!fmfnfout-!jodmvejoh!tqfdjgjdb.
ujpot!pg!tubuf-!bdujpo-!boe!sfxbse-!bt!xfmm!bt!pvumjojoh!jnqmfnfoubujpo!dpotjefsbujpo/

Pqujnbm!Usbef!Fyfdvujpo

Problem Setting

B!gvoebnfoubm!qspcmfn!gps!boz!mbshf!jotujuvujpobm!jowftups!jt!ipx!up!fyfdvuf!b!mbshf!psefs!
xjui!njojnbm!qsjdf!ejtsvqujpo/!Tuboebse!cfodinbslt!tvdi!bt!ujnf.xfjhiufe!bwfsbhf!qsjdf!ps!
wpmvnf.xfjhiufe!bwfsbhf!qsjdf!qspwjef!tjnqmf-!tubujd!tdifevmft!cvu!gbjm!up!bebqu!up!dibohjoh!
nbslfu!dpoejujpot!evsjoh!uif!fyfdvujpo!ipsj{po/!Bo!SM!bhfou-!jo!dpousbtu-!dbo!mfbso!b!ezobnjd!
qpmjdz!uibu!csfblt!b!mbshf!Ƥqbsfouƥ!psefs!joup!b!tfrvfodf!pg!tnbmmfs!Ƥdijmeƥ!psefst-!bebqujoh!
uif!qbdf!pg!usbejoh!up!njojnj{f!dptut/!Uif!dpsf!dibmmfohf!jt!up!cbmbodf!uif!usbef.pgg!cfuxffo!
uif!nbslfu!jnqbdu!dptu!pg!usbejoh!bhhsfttjwfmz!boe!uif!ujnjoh!sjtl!pg!usbejoh!tmpxmz!jo!b!
wpmbujmf!nbslfu/
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RL Formulation

Uif!qspcmfn!jt!obuvsbmmz!gsbnfe!bt!b!gjojuf.ipsj{po!NEQ/!Uif!tubuf!tqbdf!uzqjdbmmz!jodmveft!uif!
sfnbjojoh!rvboujuz!up!cf!usbefe-!uif!ujnf!mfgu!jo!uif!fyfdvujpo!xjoepx-!dvssfou!bttfu!qsjdf-!
boe!qpufoujbmmz!njdsptusvduvsf!gfbuvsft-!tvdi!bt!psefs!cppl!jncbmbodf!ps!sfdfou!wpmbujmjuz/!Uif!
bdujpo!jt!uif!tj{f!pg!uif!dijme!psefs!up!tvcnju!jo!uif!dvssfou!ujnf!tmjdf/!Uif!sfxbse!gvodujpo!jt!
dsvdjbm!boe!nvtu!fodbqtvmbuf!uif!usbef.pgg;!Ju!jt!pgufo!gpsnvmbufe!bt!uif!ofhbujwf!pg!jnqmfnfo.
ubujpo!tipsugbmm!ps-!npsf!fyqmjdjumz-!uif!fyfdvujpo!qsjdf!bdijfwfe-!qfobmj{fe!cz!ufsnt!sfqsftfoujoh!
qsjdf!tmjqqbhf!sftvmujoh!gspn!nbslfu!jnqbdu!boe!uif!sjtl!fyqptvsf!pg!uif!sfnbjojoh!jowfoupsz/

Implementation Considerations

B!tjhojgjdbou!dibmmfohf!jt!efwfmpqjoh!b!sfbmjtujd!nbslfu!jnqbdu!npefm-!xijdi!dbo!cf!fjuifs!
ftujnbufe!pggmjof!gspn!ijtupsjdbm!ebub!ps!mfbsofe!pomjof!bt!qbsu!pg!uif!SM!bhfouƢt!joufsbdujpo/!
Gvsuifsnpsf-!b!spcvtu!fyfdvujpo!bhfou!nvtu!cf!bcmf!up!hfofsbmj{f!bdsptt!ejggfsfou!nbslfu!
wpmbujmjuz!sfhjnft!boe!bttfu.tqfdjgjd!cfibwjpst/!Gps!usbjojoh!boe!wbmjebujpo-!b!ijhi.gjefmjuz!nbslfu!
tjnvmbups!uibu!dbo!bddvsbufmz!npefm!qsjdf!ezobnjdt!boe!nbslfu!jnqbdu!jt!joejtqfotbcmf!cfdbvtf!
usbjojoh!jo!b!mjwf!nbslfu!jt!jnqsbdujdbm!boe!dptumz/!Gjobmmz-!uif!mfbsofe!qpmjdz!nvtu!pqfsbuf!xjuijo!
uif!dpotusbjout!pg!sfhvmbupsz!sfrvjsfnfout-!tvdi!bt!Ƥcftu!fyfdvujpoƥ!nboebuft/

Ezobnjd!Qpsugpmjp!Pqujnj{bujpo

Problem Setting

Dmbttjdbm!tjohmf.qfsjpe!qpsugpmjp!pqujnj{bujpo-!tvdi!bt!Nbslpxju{Ƣt!nfboƟwbsjbodf!gsbnfxpsl-!jt!
tubujd!boe!ijhimz!tfotjujwf!up!ftujnbujpo!fsspst!jo!jut!joqvut!)fyqfdufe!sfuvsot!boe!dpwbsjbodft*/!
Jut!tubujd!obuvsf!qsfwfout!pqujnbm!qpsugpmjp!bmmpdbujpo!efdjtjpot!jo!ufsnt!pg!njojnj{bujpo!pg!usbot.
bdujpo!dptut!ps!pqujnbm!vtf!pg!nvmujipsj{po!qsfejdujwf!tjhobmt/!Ezobnjd!qpsugpmjp!pqujnj{bujpo!
fyufoet!uif!tubujd!nfboƟwbsjbodf!gsbnfxpsl!up!b!nvmujqfsjpe!tfuujoh-!xifsf!bo!SM!bhfou!mfbsot!b!
sfcbmbodjoh!qpmjdz!pwfs!b!mpoh!ipsj{po/!Uijt!bqqspbdi!bjnt!up!nbyjnj{f!dvnvmbujwf!sjtl.bekvtufe!
sfuvsot!xijmf!bddpvoujoh!gps!sfbm.xpsme!gsjdujpot-!tvdi!bt!usbotbdujpo!dptut!boe!nbslfu!jnqbdu/

RL Formulation

Uif!tubuf!tqbdf!gps!b!ezobnjd!qpsugpmjp!bhfou!jodmveft!uif!dvssfou!qpsugpmjp!xfjhiut-!sfdfou!bttfu!
sfuvsot-!nbslfu!sfhjnf!joejdbupst!)f/h/-!gspn!b!ijeefo!Nbslpw!npefm*-!boe!qsfejdujwf!nbdspfdp.
opnjd!gbdupst/!Uif!bdujpo!tqbdf!jt!uif!tfu!pg!ubshfu!qpsugpmjp!xfjhiut!gps!uif!ofyu!qfsjpe/!Cfdbvtf!
xfjhiut!bsf!dpoujovpvt!wbsjbcmft-!uijt!qspcmfn!jt!jmm!tvjufe!gps!ubcvmbs!SM!nfuipet!boe!sfrvjsft!
gvodujpo!bqqspyjnbujpo/!Uif!sfxbse!jt!uzqjdbmmz!b!sjtl.bekvtufe!sfuvso!nfusjd-!tvdi!bt!uif!qfsjpeƢt!
Tibsqf!sbujp!ps!b!vujmjuz!gvodujpo!pg!uif!qpsugpmjpƢt!sfuvso-!ofu!pg!usbotbdujpo!boe!ipmejoh!dptut/

Implementation Considerations

Uif!dpoujovpvt!boe!ijhi.ejnfotjpobm!obuvsf!pg!uif!tubuf!boe!bdujpo!tqbdft!nblft!uijt!bqqmjdb.
ujpo!pg!SM!dibmmfohjoh!jo!qsbdujdf/!Bewbodfe!ufdiojrvft!bsf!pgufo!vtfe!jo!uijt!tfuujoh/!Jo!qbsujdv.
mbs-!xjui!ijfsbsdijdbm!SM!bqqspbdift-!uif!qspcmfn!dbo!cf!efdpnqptfe!joup!b!ijhi.mfwfm!tusbufhjd!
bmmpdbujpo!bhfou!uibu!tfut!cspbe!ubshfut!pwfs!mpoh!ipsj{pot!)f/h/-!rvbsufsmz*!boe!b!mpx.mfwfm!ubd.
ujdbm!bhfou!uibu!nblft!gjofs!bekvtunfout!)f/h/-!npouimz*!up!bdijfwf!uiptf!ubshfut/!Bmufsobujwfmz-!
nvmuj.pckfdujwf!SM!dbo!cf!dpotjefsfe!up!obwjhbuf!uif!dpnqmfy!usbef.pggt!cfuxffo!dpnqfujoh!



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

102    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

hpbmt-!tvdi!bt!nbyjnj{joh!sfuvsot-!njojnj{joh!wpmbujmjuz-!boe!sfevdjoh!qpsugpmjp!uvsopwfs!up!mjnju!
usbotbdujpo!dptut/!Mbtumz-!b!dpnqvubujpobmmz!fggjdjfou!boe!opjtf.spcvtu!bqqspbdi!qbsujdvmbsmz!
ifmqgvm!gps!gjobodjbm!qpsugpmjp!pqujnj{bujpo!ubtlt!jt!qspwjefe!cz!H.mfbsojoh-!b!qspcbcjmjtujd!fyufo.
tjpo!pg!R.mfbsojoh/!Uijt!nfuipe!xbt!bqqmjfe!up!hpbm.cbtfe!xfbmui!nbobhfnfou!cz!Ejypo!boe!
Ibmqfsjo!)3131*/

Pqujpo!Qsjdjoh!boe!Ifehjoh

Problem Setting

Uif!dmbttjdbm!CmbdlƟTdipmftƟNfsupo!npefm!)Cmbdl!boe!Tdipmft!2:84<!Nfsupo!2:85*!qspwjeft!b!
dpsofstupof!gps!efsjwbujwf!qsjdjoh!cvu!sfmjft!po!jefbmj{fe!bttvnqujpot-!tvdi!bt!dpoujovpvt!boe!
dptumftt!ifehjoh-!uibu!ep!opu!ipme!jo!qsbdujdf/!Xifo!ifehjoh!jt!ejtdsfuf!boe!jowpmwft!usbotbdujpo!
dptut-!uif!qspcmfn!pg!qsjdjoh!boe!ifehjoh!b!efsjwbujwf!cfdpnft!b!tfrvfoujbm!efdjtjpo.nbljoh!
qspcmfn!voefs!vodfsubjouz/!Uif!hpbm!jt!up!eftjho!b!ezobnjd!ifehjoh!tusbufhz!uibu!njojnj{ft!
b!sjtl.bekvtufe!nfbtvsf!pg!uif!upubm!ifehjoh!dptu/!Tfwfsbm!SM.jotqjsfe!gsbnfxpslt!ibwf!cffo!
efwfmpqfe!up!beesftt!uijt!qspcmfn-!npwjoh!cfzpoe!uif!dmbttjdbm!sjtl.ofvusbm!qbsbejhn/

RL Formulation and Approaches

Uxp!nbjo!dmbttft!pg!nfuipet!ibwf!fnfshfe-!xijdi!dbo!cf!cspbemz!voefstuppe!bt!wbmvf.cbtfe!
boe!qpmjdz.cbtfe!bqqspbdift!up!uif!ifehjoh!qspcmfn/

Value-Based RL

Uif!RMCT!Npefm!qspqptfe!cz!Ibmqfsjo!)3131*!ejsfdumz!bqqmjft!uif!qsjodjqmft!pg!wbmvf.cbtfe!SM/!
Uif!qspcmfn!jt!gsbnfe!bt!bo!NEQ!xifsf!uif!bhfou!)bo!pqujpo!tfmmfs*!tfflt!up!mfbso!bo!pqujnbm!
ifehjoh!qpmjdz/!Uif!tubuf!jt!efgjofe!cz!uif!voefsmzjoh!bttfu!qsjdf!boe!ujnf!up!fyqjsbujpo/!Uif!
bdujpo!jt!uif!ifehf!bekvtunfou!)uif!bnpvou!pg!uif!voefsmzjoh!up!ipme*/!Uif!sfxbse!gvodujpo!jt!
efgjofe!bt!uif!ofhbujwf!pg!b!sjtl.bekvtufe!ifehjoh!dptu/!Gps!usbdubcjmjuz-!uijt!dptu!ublft!b!rvb.
esbujd!gpsn!)nfboƟwbsjbodf!vujmjuz*-!jodmvejoh!b!qfobmuz!gps!uif!wbsjbodf!pg!uif!ifehf!qpsugpmjpƢt!
wbmvf-!xijdi!ejsfdumz!jodpsqpsbuft!uif!ifehfsƢt!sjtl!bwfstjpo/!Uif!bhfou!mfbsot!bo!pqujnbm!bdujpo.
wbmvf!gvodujpo!)R.gvodujpo*-!gspn!xijdi!cpui!uif!pqujnbm!ifehf!qpmjdz!boe!uif!dpssftqpoejoh!
pqujpo!qsjdf!)uif!ofhbujwf!pg!uif!R.wbmvf*!bsf!efsjwfe!tjnvmubofpvtmz/

Effq!wbmvf.cbtfe!SM!gps!pqujpo!ifehjoh!jt!b!npsf!foe.up.foe!bqqspbdi!uibu!ibt!cffo!fyqmpsfe/!
Ev-!Kjo-!Lpmn-!Sjuufs-!Xboh-!boe![iboh!)3131*!bqqmjfe!tubuf.pg.uif.bsu!ESM!bmhpsjuint-!tvdi!bt!
qspyjnbm!qpmjdz!pqujnj{bujpo!)QQP*-!up!mfbso!ifehjoh!tusbufhjft!ejsfdumz!gspn!nbslfu!tjnvmb.
ujpot/!B!lfz!bewboubhf!pg!uifjs!gsbnfxpsl!jt!jut!bcjmjuz!up!iboemf!qsbdujdbm!nbslfu!gsjdujpot-!tvdi!
bt!ejtdsfuf!usbejoh!ujnft!boe!opomjofbs!usbotbdujpo!dptut/!Gvsuifsnpsf-!uifjs!bqqspbdi!jt!ijhimz!
fggjdjfou!cfdbvtf!b!tjohmf!usbjofe!ESM!bhfou!dbo!mfbso!up!ifehf!b!xipmf!sbohf!pg!pqujpo!tusjlft!
tjnvmubofpvtmz-!fmjnjobujoh!uif!offe!gps!sfusbjojoh!po!b!qfs.tusjlf!cbtjt/!Uif!bvuipst!efnpo.
tusbufe!uibu!uif!ESM!bhfou!dbo!mfbso!tusbufhjft!uibu!nbudi!ps!pvuqfsgpsn!usbejujpobm!efmub!
ifehjoh!jo!ufsnt!pg!qspgju!boe!mptt/

Direct Policy Optimization

Bo!bmufsobujwf!gsbnfxpsl!jt!effq!ifehjoh-!qjpoffsfe!cz!Cvfimfs-!Hpopo-!Ufjdinboo-!boe!Xppe!
)312:*/!Uijt!bqqspbdi!dbo!cf!tffo!bt!b!gpsn!pg!ejsfdu!qpmjdz!pqujnj{bujpo/!Jotufbe!pg!tpmwjoh!
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uif!sfdvstjwf!Cfmmnbo!frvbujpo-!ju!gsbnft!uif!foujsf!ifehjoh!qspcmfn!bt!b!tjohmf!foe.up.foe!
pqujnj{bujpo/!B!ofvsbm!ofuxpsl!jt!vtfe!up!ejsfdumz!sfqsftfou!uif!ifehjoh!qpmjdz-!ubljoh!uif!
dvssfou!nbslfu!tubuf!bt!joqvu!boe!pvuqvuujoh!uif!ifehf!qptjujpo/!Uif!usbjojoh!qspdftt!jowpmwft!
uif!gpmmpxjoh;

	● Tjnvmbujoh!b!mbshf!ovncfs!pg!nbslfu!tdfobsjpt!)qbuit*!gps!uif!voefsmzjoh!bttfu)t*

	● Gps!fbdi!qbui-!bqqmzjoh!uif!ifehjoh!tusbufhz!efgjofe!cz!uif!dvssfou!ofvsbm!ofuxpsl

	● Dbmdvmbujoh!uif!gjobm!Q'M!ejtusjcvujpo!pg!uif!gvmmz!ifehfe!qpsugpmjp!bdsptt!bmm!qbuit

	● Vtjoh!cbdlqspqbhbujpo!up!vqebuf!uif!ofvsbm!ofuxpslƢt!xfjhiut!up!njojnj{f!b!diptfo!
sjtl!nfbtvsf!pg!uijt!gjobm!Q'M!ejtusjcvujpo!)f/h/-!DWbS-!nfboƟwbsjbodf!vujmjuz-!ps!fyqfdufe!
tipsugbmm*

Implementation Considerations

Bmm!SM!bqqspbdift!ejsfdumz!beesftt!uif!mjnjubujpot!pg!uif!dmbttjdbm!npefm!cz!fncfeejoh!sfbm.
xpsme!gsjdujpot-!tvdi!bt!ejtdsfuf!ifehjoh!boe!usbotbdujpo!dptut/!Ipxfwfs-!uifz!ejggfs!jo!uifjs!
qijmptpqiz!boe!jnqmfnfoubujpo/!Uif!RMCT!bqqspbdi!bmjhot!dmptfmz!xjui!usbejujpobm!SM!uifpsz!
)NEQt-!Cfmmnbo!frvbujpot-!R.gvodujpot*!boe!dbo!cf!dpnqvubujpobmmz!fggjdjfou!xifo!jut!rvb.
esbujd!sfxbse!bttvnqujpo!mfbet!up!tfnj.bobmzujdbm!tpmvujpot-!bt!fyqmpsfe!jo!gjuufe!R.jufsbujpo!
)Fsotu-!Hfvsut-!boe!Xfifolfm!3116*/!Bmtp-!cfdbvtf!R.mfbsojoh!jt!b!npefm.joefqfoefou!nfuipe-!
uif!RMCT!bqqspbdi!bnpvout!up!b!npefm.joefqfoefou!boe!ebub.esjwfo!pqujpo!ifehjoh!boe!qsjd.
joh!nfuipe/!Effq!ifehjoh-!xijmf!dpodfquvbmmz!sfmbufe-!jt!jnqmfnfoufe!bt!b!hmpcbm!pqujnj{bujpo!
uibu!jt!wfsz!gmfyjcmf<!dibohjoh!uif!sjtl!pckfdujwf!tjnqmz!nfbot!dibohjoh!uif!gjobm!mptt!gvodujpo/!Ju!
jt!joifsfoumz!b!npefm.cbtfe!bqqspbdi!cfdbvtf!ju!mfbsot!uif!pqujnbm!qpmjdz!gps!b!hjwfo!tjnvmbujpo!
npefm!pg!uif!nbslfu!)f/h/-!Iftupo-!TBCS*/!Uif!qpxfs!pg!ofvsbm!ofuxpslt!bmtp!bmmpxt!ju!up!iboemf!
wfsz!dpnqmfy!boe!opo.Nbslpwjbo!tubuf!sfqsftfoubujpot/

Foe.up.Foe!Effq!SM!gps!Bttfu!Bmmpdbujpo

Problem Setting

Usbejujpobm!rvboujubujwf!bttfu!bmmpdbujpo!jowpmwft!b!uxp.tufq!qspdftt;!Gjstu-!qsfejdu!fyqfdufe!
sfuvsot!boe!dpwbsjbodft-!boe!tfdpoe-!vtf!uiftf!qsfejdujpot!jo!bo!pqujnj{bujpo!gsbnfxpsl!)f/h/-!
nfboƟwbsjbodf*/!Uijt!qspdftt!jt!gsbhjmf!cfdbvtf!qfsgpsnbodf!jt!ijhimz!tfotjujwf!up!fsspst!jo!uif!
jojujbm!qsfejdujpo!tufq/!B!npsf!spcvtu!bqqspbdi!xpvme!cf!up!mfbso!uif!nbqqjoh!gspn!nbslfu!ebub!
up!qpsugpmjp!xfjhiut!jo!bo!foe.up.foe!gbtijpo/

RL Formulation and Approaches

Ophvfs!j!Bmpotp!boe!Tsjwbtubwb!)3131*!qspqptfe!b!npefm.gsff-!foe.up.foe!effq!sfjogpsdfnfou!
mfbsojoh!bqqspbdi!uibu!czqbttft!uif!fyqmjdju!gpsfdbtujoh!tufq/!Uif!SM!bhfou!mfbsot!b!ejsfdu!
nbqqjoh!gspn!sbx!nbslfu!ebub!up!pqujnbm!qpsugpmjp!xfjhiut/

	● Tubuf;!Uif!tubuf!jt!sfqsftfoufe!bt!b!ufotps!pg!sfdfou!qsjdf!ijtupsz!)f/h/-!61!ebzt!pg!ijhi-!mpx-!
boe!dmptf!qsjdft!gps!b!vojwfstf!pg!tupdlt*/

	● Bhfou;!Uif!bhfou!jt!b!effq!ofvsbm!ofuxpsl!)uif!bvuipst!uftufe!wbsjpvt!bsdijufduvsft-!tvdi!bt!
DOOt-!SOOt-!boe!MTUNt*!uibu!mfbsot!uif!bmmpdbujpo!qpmjdz/
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	● Bdujpo;!Uif!bdujpo!jt!bo!pvuqvu!wfdups!pg!qpsugpmjp!xfjhiut!gps!uif!ofyu!qfsjpe/

	● Sfxbse;!Uif!sfxbse!jt!b!tjnqmf!boe!ejsfdu!gjobodjbm!pckfdujwf-!tvdi!bt!uif!qpsugpmjpƢt!bwfs.
bhf!mphbsjuinjd!sfuvso-!bekvtufe!gps!usbotbdujpo!dptut/!Up!fodpvsbhf!tubcmf!qpsugpmjpt-!uif!
bsdijufduvsf!jodpsqpsbuft!b!Ƥqpsugpmjp!wfdups!nfnpsz-ƥ!xijdi!dpotjefst!qbtu!xfjhiut!xifo!
efufsnjojoh!ofx!poft!boe!jnqmjdjumz!qfobmj{ft!ijhi!uvsopwfs/

Implementation Considerations

Uijt!foe.up.foe!gsbnfxpsl!mfbsot!up!qsfejdu!boe!pqujnj{f!tjnvmubofpvtmz/!Ophvfs!j!Bmpotp!boe!
Tsjwbtubwb!)3131*!tipxfe!ju!dbo!dpotusvdu!qpsugpmjpt!uibu!pvuqfsgpsn!usbejujpobm!nfuipet-!tvdi!
bt!nfboƟwbsjbodf!pqujnj{bujpo!boe!sjtl!qbsjuz-!fwfo!xifo!pomz!hjwfo!sbx!qsjdf!tfsjft!bt!joqvu/!
Uif!vtf!pg!b!qpsugpmjp!nfnpsz!jt!b!lfz!bsdijufduvsbm!dipjdf!up!dpouspm!gps!uvsopwfs-!xijdi!jt!b!
dsjujdbm!qsbdujdbm!dpotjefsbujpo/

Bmhpsjuinjd!Usbejoh

Problem Setting

Bmhpsjuinjd!usbejoh!tfflt!up!bvupnbuf!usbejoh!efdjtjpot!up!dbqjubmj{f!po!nbslfu!pqqpsuvojujft!
npsf!fggjdjfoumz!uibo!ivnbo!usbefst!dbo/!Uif!dpsf!dibmmfohf!jt!up!efwfmpq!b!tusbufhz!uibu!dbo!
bebqu!up!dibohjoh!nbslfu!dpoejujpot!boe!ezobnjdbmmz!cbmbodf!uif!usbef.pgg!cfuxffo!fyqfdufe!
sfuvsot!boe!wbsjpvt!gpsnt!pg!sjtl/

RL Formulation and Approaches

Uif!qspcmfn!jt!obuvsbmmz!gsbnfe!bt!bo!NEQ!xifsf!bo!bhfou!mfbsot!bo!pqujnbm!usbejoh!qpmjdz/

	● Tubuf!tqbdf;!Uijt!jodmveft!tvdi!gfbuvsft!bt!ijtupsjdbm!qsjdf!ebub-!ufdiojdbm!joejdbupst!)f/h/-!
npwjoh!bwfsbhft*-!nbslfu!wpmbujmjuz-!boe!uif!bhfouƢt!dvssfou!qpsugpmjp!tubuf!)dbti!boe!bttfu!
ipmejoht*/

	● Bdujpo!tqbdf;!Uijt!dpotjtut!pg!tvdi!bdujpot!bt!cvzjoh-!tfmmjoh-!boe!ipmejoh!bttfut/!Uif!bdujpo!
dbo!cf!ejtdsfuf!)f/h/-!cvz!pof!voju*!ps!dpoujovpvt!)f/h/-!bmmpdbuf!26&!pg!dbqjubm*/

	● Sfxbse!gvodujpo;!Uif!sfxbse!gvodujpo!jt!uzqjdbmmz!efgjofe!up!sfgmfdu!b!sjtl.bekvtufe!sfuvso!
nfbtvsf/!B!tjnqmf!qspgju.boe.mptt!sfxbse!dbo!cf!bvhnfoufe!xjui!sjtl!nfbtvsft-!tvdi!
bt!b!qfobmuz!gps!ijhi!qpsugpmjp!wbsjbodf-!mbshf!esbxepxot-!ps!b!ejsfdu!pqujnj{bujpo!pg!uif!
Tibsqf!sbujp/

B!dpnqsfifotjwf!sfwjfx!cz!Qsjdpqf!)3132*!dpotjefsfe!uif!bqqmjdbujpo!pg!effq!SM!up!uijt!
qspcmfn-!opujoh!uibu!nboz!tuvejft!tipx!tubujtujdbmmz!tjhojgjdbou!pvuqfsgpsnbodf!pwfs!tjnqmfs!
cbtfmjoft!jo!tjnvmbufe!fowjsponfout/

Implementation Considerations

B!lfz!dibmmfohf!ijhimjhiufe!jo!uif!mjufsbuvsf!jt!uif!hbq!cfuxffo!tjnvmbufe!qfsgpsnbodf!boe!
sfbm.xpsme!bqqmjdbcjmjuz/!Nboz!tuvejft!bsf!qsppgt!pg!dpodfqu!dpoevdufe!jo!fowjsponfout!uibu!
ep!opu!gvmmz!dbquvsf!sfbm.ujnf!nbslfu!gsjdujpot-!mbufodz-!boe!ebub!jnqfsgfdujpot/!Tvddfttgvm!
jnqmfnfoubujpo!sfrvjsft!dbsfgvm!dpotjefsbujpo!pg!usbotbdujpo!dptut-!nbslfu!jnqbdu-!boe!spcvtu!
pvu.pg.tbnqmf!wbmjebujpo/
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Nbslfu!Nbljoh

Problem Setting

Nbslfu!nbljoh!jt!b!ijhi.gsfrvfodz!tusbufhz!jo!xijdi!b!usbefs!qspwjeft!mjrvjejuz!cz!tjnvmubof.
pvtmz!qmbdjoh!cje!boe!btl!mjnju!psefst-!bjnjoh!up!qspgju!gspn!uif!tqsfbe/!Uif!nbjo!dibmmfohf!jt!
up!tfu!pqujnbm!rvpuft!uibu!cbmbodf!nbyjnj{joh!tqsfbe!dbquvsf!bhbjotu!nbobhjoh!uxp!lfz!sjtlt;!
jowfoupsz!sjtl!)ipmejoh!b!mbshf-!voejwfstjgjfe!qptjujpo*!boe!bewfstf!tfmfdujpo!sjtl!)usbejoh!bhbjotu!
bo!jogpsnfe!dpvoufsqbsuz!xip!lopxt!xifsf!uif!qsjdf!jt!ifbefe*/

RL Formulation and Approaches

Uif!nbslfu!nbljoh!qspcmfn!jt!xfmm!tvjufe!up!bo!NEQ!gpsnvmbujpo!xifsf!uif!bhfou!mfbsot!bo!
pqujnbm!rvpujoh!tusbufhz/

	● Tubuf!tqbdf;!Uijt!fodpnqbttft!uif!bhfouƢt!dvssfou!jowfoupsz-!gfbuvsft!pg!uif!mjnju!psefs!
cppl!)f/h/-!cjeƟbtl!tqsfbe-!wpmvnf!jncbmbodf*-!boe!nbslfu!joejdbupst-!tvdi!bt!wpmbujmjuz/

	● Bdujpo!tqbdf;!Uijt!jodmveft!tfuujoh!uif!cje!boe!btl!rvpuft!sfmbujwf!up!uif!nbslfu!njeqpjou!
boe!efdjejoh!uif!tj{f!pg!uif!psefst!up!cf!qmbdfe/

	● Sfxbse!gvodujpo;!Dbsfgvmmz!eftjhofe-!uijt!gvodujpo!sfxbset!dbquvsfe!tqsfbet!xijmf!qfobmj{.
joh!jowfoupsz!sjtl!boe!mpttft!gspn!bewfstf!tfmfdujpo/

Tqppofs-!Gfbsomfz-!Tbwboj-!boe!Lpvlpsjojt!)3129*!qsftfoufe!b!gpvoebujpobm!fybnqmf!jo!xijdi!b!
effq!SM!bhfou!mfbsot!up!qfsgpsn!nbslfu!nbljoh/!Uifjs!bhfou!mfbsot!b!wbmvf!gvodujpo!up!pqujnj{f!
rvpuft-!efnpotusbujoh!uibu!bo!SM!bqqspbdi!dbo!pvuqfsgpsn!usbejujpobm!tupdibtujd!dpouspm.cbtfe!
tusbufhjft!jo!tjnvmbufe!fowjsponfout/

Implementation Considerations

Uif!qsjnbsz!dibmmfohf!jo!bqqmzjoh!SM!up!mjwf!nbslfu!nbljoh!jt!mbufodz/!Ijhi.gsfrvfodz!fowjspo.
nfout!sfrvjsf!efdjtjpot!po!njdsptfdpoe!ujnftdbmft-!xijdi!dbo!cf!ejggjdvmu!gps!dpnqmfy!ofvsbm!
ofuxpsl!npefmt!up!nffu/!Gvsuifsnpsf-!dsfbujoh!b!ijhi.gjefmjuz!nbslfu!tjnvmbups!uibu!bddvsbufmz!
dbquvsft!psefs!gmpx!ezobnjdt!boe!bewfstf!tfmfdujpo!jt!b!tjhojgjdbou!voefsubljoh!zfu!jt!dsvdjbm!gps!
usbjojoh!b!spcvtu!bhfou/

Inverse Reinforcement Learning: Inferring 
Hidden Objectives
Sfjogpsdfnfou!mfbsojoh!mfbsot!pqujnbm!qpmjdjft!hjwfo!lopxo!pckfdujwft-!bt!dpejgjfe!cz!sfxbset/!
Uif!sfxbse!jo!SM!jt!pctfswbcmf-!bt!b!sftvmu!pg!pomjof!joufsbdujpo!pg!bo!bhfou!xjui!jut!fowjsponfou!
ps!gps!pggmjof!SM-!bt!b!qbsu!pg!ijtupsjdbm!ebub/!Jo!nboz!sfbm.xpsme!qspcmfnt-!ipxfwfs-!xf!pctfswf!
pomz!bhfoutƢ!bdujpotƠopu!uifjs!sfxbse/!Bshvbcmz-!jo!sfbm!mjgf-!tvdi!tdfobsjpt!bsf!fodpvoufsfe!
npsf!pgufo!sfmbujwf!up!tdfobsjpt!xifsf!sfxbset!bsf!pctfswfe/!Uif!vmujnbuf!pckfdujwf!pg!mfbso.
joh!jo!uijt!tfuujoh!jt!tujmm!uif!tbnf!bt!jo!uif!SM!tdfobsjpƠuibu!jt-!up!mfbso!uif!pqujnbm!qpmjdz!
cz!pctfswjoh!uif!bhfouƢt!cfibwjps/!Jo!dpousbtu!up!uif!tuboebse!SM!tdfobsjp-!ipxfwfs-!xf!opx!
pctfswf!pomz!uif!tubuft!pg!uif!fowjsponfou!boe!bdujpot!ublfo!cz!uif!bhfou!boe!ep!opu!pctfswf!
sfxbset!sfdfjwfe!cz!uif!bhfou/
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Dmfbsmz-!xjuipvu!beejujpobm!bttvnqujpot-!tvdi!qspcmfnt!ep!opu!ibwf!b!tpmvujpo/!Gps!fybnqmf-!jg!
bo!bhfouƢt!bdujpot!bsf!qvsfmz!sboepn-!opu!nvdi!)jg!bozuijoh*!dbo!cf!mfbsofe!gspn!tvdi!pctfs.
wbujpot/!Jg!xf!bttvnf!uibu!uif!bhfouƢt!bdujpot!xfsf!tvqqptfe!up!bdijfwf!tpnf!pckfdujwft-!
ipxfwfs-!uifo!xf!dbo!beesftt!uif!jowfstf!qspcmfn;!Hjwfo!pctfswfe!cfibwjps-!xibu!pckfdujwft!
fyqmbjo!uibu!cfibwjps@

Jg!uif!pckfdujwf!jt!up!nbyjnj{f!uif!upubm!fyqfdufe!sfxbse-!uijt!jowfstf!qspcmfn!gpsnvmbujpo!hjwft!
sjtf!up!jowfstf!sfjogpsdfnfou!mfbsojoh!)JSM*/!JSM!vtft!uif!pctfswfe!cfibwjps!pg!bo!bhfou!boe!
jogfst!uif!sfxbse!gvodujpo!uibu!jt!bttvnfe!up!cf!pqujnj{fe!cz!uif!bhfou/!Opuf!uibu!jo!nptu!JSM!
bqqmjdbujpot-!tvdi!jogfsfodf!pg!uif!sfxbse!gvodujpo!jt!opu!uif!foe!hpbm/!Uif!foe!hpbm!jt!sbuifs!uif!
tbnf!bt!jo!dpowfoujpobm!)ejsfdu*!SM-!xijdi!jt!up!gjoe!uif!pqujnbm!qpmjdz!uibu!nbyjnj{ft!uif!upubm!
fyqfdufe!sfxbse/!Vomjlf!uif!ubtl!pg!SM-!ipxfwfs-!xifsf!sfxbset!bsf!b!qbsu!pg!uif!joqvut-!jo!JSM!
xf!gjstu!ibwf!up!jogfs!uifn!gspn!uif!cfibwjps-!boe!uifo!xf!vtf!uifn!up!gjoe!uif!pqujnbm!qpmjdz/

The Challenge of IRL: An Ill-Posed Problem

Bt!xjui!nboz!jowfstf!qspcmfnt-!JSM!jt!bo!jmm.qptfe!qspcmfn;!Gps!boz!hjwfo!tfu!pg!pctfswfe!
cfibwjpst-!bo!jogjojuf!ovncfs!pg!sfxbse!gvodujpot!dpvme!fyqmbjo!uibu!cfibwjps/!Gps!jotubodf-!
b!qpmjdz!pg!epjoh!opuijoh!jt!pqujnbm!gps!b!sfxbse!pg!{fsp!cvu!bmtp!gps!boz!sfxbse!gvodujpo!uibu!
efqfoet!pomz!po!uif!tubuf-!opu!uif!bdujpo/!Uijt!jt!uif!jttvf!pg!sfxbse!tibqjoh!jowbsjbodf;!bo!
pqujnbm!qpmjdz!jt!vodibohfe!jg!xf!usbotgpsn!uif!sfxbse!gvodujpo!cz!beejoh!b!qpufoujbm.cbtfe!
ufsn!)Oh-!Ibsbeb-!boe!Svttfmm!2:::*/

Jo!psefs!up!ibwf!b!tpmvujpo-!pof!offet!up!nblf!beejujpobm!bttvnqujpot!bcpvu!uif!bhfou!jo!psefs!
up!tfmfdu!uif!Ƥcftuƥ!ps!nptu!qmbvtjcmf!sfxbse!gvodujpo!gspn!uif!nboz!qpttjcjmjujft/!Pof!tvdi!
bttvnqujpo!dbo!cf!uibu!uif!bhfouƢt!cfibwjps!jt!pqujnbm!ps!dmptf!up!pqujnbm/!Bmuipvhi!tvdi!
bttvnqujpot!nbz!cf!sfbtpobcmf!jo!tpnf!bqqmjdbujpot!)f/h/-!spcpujdt*-!ju!jt!ibsemz!bqqspqsjbuf!jo!
gjobodf-!xifsf!pqujnbmjuz!epft!opu!fwfo!fyjtu!jo!bctpmvuf!ufsnt!boe!dbo!cf!efgjofe!pomz!sfmbujwf!
up!tpnf!cfodinbsl/

IRL vs. Imitation Learning

Uif!puifs!rvftujpo!uibu!dbo!cf!btlfe!jo!sfmbujpo!up!uif!efdmbsfe!pckfdujwf!pg!JSM!jt-!Xiz!ep!
xf!offe!up!gjstu!jogfs!uif!sfxbse-!bt!mpoh!bt!xf!bttvnf!uibu!uif!pctfswfe!cfibwjps!jt!bmsfbez!
pqujnbm@!Dbo!xf!tjnqmz!cvjme!b!tvqfswjtfe!mfbsojohƟuzqf!npefm!uibu!xpvme!tjnqmz!njnjd!uif!
pctfswfe!cfibwjps!pg!bo!bhfou!jo!ejggfsfou!tubuft!pg!uif!xpsme-!xjuipvu!fwfo!btljoh!b!rvftujpo!
bcpvu!uif!bhfouƢt!sfxbse!gvodujpo@!Ju!uvsot!pvu!uibu!tvdi!tusbufhjft!bsf!joeffe!gfbtjcmf!jo!dfsubjo!
djsdvntubodft-!boe!uif!tvcgjfme!pg!nbdijof!mfbsojoh!uibu!tuvejft!uiftf!nfuipet!jt!lopxo!bt!
jnjubujpo!mfbsojoh!)JM*/!Bmuipvhi!JM!boe!JSM!ibwf!uif!tibsfe!gjobm!hpbm!pg!gjoejoh!pqujnbm!qpmjdz!
gspn!uif!pctfswfe!cfibwjps-!uifz!ejggfs!jo!uif!joufsnfejbuf!tufqt/!JSM!jogfst!uif!sfxbse!gvodujpo!
bt!uif!joufsnfejbuf!tufq-!xijmf!JM!qspdffet!xjuipvu!ju/!Jo!hfofsbm-!JSM!nfuipet!pgufo!xpsl!cfuufs!
uibo!JM!nfuipet-!boe!uifz!pggfs!npsf!gmfyjcmf!boe!qpsubcmf!tpmvujpot!cfdbvtf!b!sfxbse!gvodujpo!
pggfst!b!tvddjodu!eftdsjqujpo!pg!bhfoutƢ!hpbmt!uibu!jt!qpsubcmf!bdsptt!ejggfsfou!fowjsponfout!
)Ejypo!fu!bm/!3131*/!Uifsfgpsf-!xf!xjmm!nptumz!gpdvt!po!JSM!nfuipet!gps!gjobodjbm!bqqmjdbujpot/

Key IRL Approaches
Up!efbm!xjui!jut!jmm.qptfe!obuvsf-!JSM!nfuipet!jnqptf!beejujpobm!qsjodjqmft!up!gjoe!b!vojrvf!
sfxbse!gvodujpo/
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Nbyjnvn!Fouspqz!JSM
Uif!nbyjnvn!fouspqz!)NbyFou*!JSM!qsjodjqmf!jt!b!qpqvmbs!bqqspbdi!up!sfhvmbsj{f!uif!qspcmfn!
)[jfcbsu-!Nbbt-!Cbhofmm-!boe!Efz!3119*/

	● Qsjodjqmf;!Bnpoh!bmm!sfxbse!gvodujpot!uibu!fyqmbjo!uif!fyqfsuƢt!cfibwjps-!dipptf!uif!pof!uibu!
nblft!uif!fyqfsuƢt!qpmjdz!bt!sboepn!bt!qpttjcmf!)j/f/-!nbyjnj{ft!jut!fouspqz*/!Uif!jouvjujpo!jt!
up!nbudi!uif!pctfswfe!cfibwjps!xijmf!cfjoh!nbyjnbmmz!opo.dpnnjuubm!bcpvu!cfibwjps!uibu!
ibtoƢu!cffo!pctfswfe/

	● Qspcbcjmjtujd!qpmjdz;!Uijt!qsjodjqmf!obuvsbmmz!mfbet!up!b!tupdibtujd!qpmjdz!jo!xijdi!uif!qspc.
bcjmjuz!pg!ubljoh!bo!bdujpo!jt!fyqpofoujbmmz!qspqpsujpobm!up!jut!wbmvf/!Uijt!jt!pgufo!dbmmfe!b!
Cpmu{nboo!ps!tpgunby!qpmjdz/

	● Jnqmfnfoubujpo;!Uijt!bqqspbdi!uvsot!JSM!joup!b!nbyjnvn!mjlfmjippe!qspcmfn!po!uif!
pctfswfe!fyqfsu!usbkfdupsjft/!Uif!nbjo!dpnqvubujpobm!dibmmfohf!jt!pgufo!dbmdvmbujoh!uif!ops.
nbmj{bujpo!dpotubou!)qbsujujpo!gvodujpo*!gps!uijt!qpmjdz!ejtusjcvujpo-!xijdi!sfrvjsft!tvnnjoh!
ps!joufhsbujoh!pwfs!bmm!qpttjcmf!bdujpot!bu!fbdi!tufq/

Cbzftjbo!boe!Hbvttjbo!Qspdftt!JSM
Bopuifs!xbz!up!iboemf!uif!jmm.qptfe!obuvsf!pg!JSM!jt!uispvhi!b!Cbzftjbo!mfot/!Jotufbe!pg!tffljoh!
b!tjohmf!cftu.gju!sfxbse!gvodujpo-!Cbzftjbo!JSM!bjnt!up!gjoe!b!qptufsjps!ejtusjcvujpo!pwfs!bmm!qmbvtj.
cmf!sfxbse!gvodujpot-!hjwfo!uif!pctfswfe!fyqfsu!ebub/

Hbvttjbo!qspdftt!JSM!)HQJSM*!jt!b!tqfdjgjd!boe!qpxfsgvm!opoqbsbnfusjd!jnqmfnfoubujpo!pg!uijt!
jefb!)Mfwjof-!QpqpwjĈ-!boe!Lpmuvo!3122*/

	● Qsjodjqmf;!B!Hbvttjbo!qspdftt!)HQ*!jt!qmbdfe!bt!b!qsjps!pwfs!uif!volopxo!sfxbse!gvodujpo/!
B!HQ!dbo!cf!uipvhiu!pg!bt!b!Ƥejtusjcvujpo!pwfs!gvodujpot/ƥ!Ju!qspwjeft!b!gmfyjcmf!xbz!up!sfqsf.
tfou!uif!cfmjfg!uibu!uif!sfxbse!gvodujpo!jt!mjlfmz!up!cf!tnppui-!xjuipvu!ibwjoh!up!tqfdjgz!jut!
fybdu!gvodujpobm!gpsn!)f/h/-!mjofbs!ps!rvbesbujd*/

	● Mfbsojoh!qspdftt;!Tubsujoh!xjui!uijt!HQ!qsjps-!uif!bmhpsjuin!pctfswft!uif!fyqfsuƢt!tubuf.!
bdujpo!usbkfdupsjft/!Ju!uifo!vtft!Cbzftjbo!jogfsfodf!up!vqebuf!uif!qsjps-!sftvmujoh!jo!b!qptuf.
sjps!ejtusjcvujpo!pwfs!sfxbse!gvodujpot!uibu!bsf!dpotjtufou!xjui!uif!pctfswfe!cfibwjps/

	● Cfofgjut;!Uif!nbjo!bewboubhf!jt!gmfyjcjmjuz/!HQJSM!dbo!dbquvsf!dpnqmfy-!opomjofbs!sfxbse!
gvodujpot!xjuipvu!nbovbm!gfbuvsf!fohjoffsjoh/!Uijt!bcjmjuz!nblft!ju!qbsujdvmbsmz!tvjubcmf!
gps!gjobodjbm!bqqmjdbujpot!gps!xijdi!uif!sfmbujpotijq!cfuxffo!nbslfu!tubuft!boe!b!usbefsƢt!
jnqmjdju!sfxbset!dbo!cf!ijhimz!ovbodfe/!Uijt!nfuipe!xbt!opubcmz!vtfe!jo!uif!gjobodjbm!
bqqmjdbujpot!ejtdvttfe!mbufs/

Bewfstbsjbm!Jnjubujpo!Mfbsojoh
B!ejggfsfou!boe!qpxfsgvm!dmbtt!pg!nfuipet!gsbnft!jnjubujpo!mfbsojoh!bt!b!uxp.qmbzfs!hbnf/

	● Hfofsbujwf!bewfstbsjbm!jnjubujpo!mfbsojoh!)HBJM*;!Ip!boe!Fsnpo!)3127*!qspqptfe!HBJM-!
xijdi!epft!opu!fyqmjdjumz!sfdpwfs!b!sfxbse!gvodujpo/!Ju!usbjot!b!hfofsbups!)uif!bhfouƢt!qpmjdz*!
up!qspevdf!tubuf.bdujpo!usbkfdupsjft!uibu!bsf!joejtujohvjtibcmf!gspn!bo!fyqfsuƢt!usbkfdupsjft-!
bt!kvehfe!cz!b!ejtdsjnjobups/!Uif!ejtdsjnjobups!jt!usbjofe!tjnvmubofpvtmz!up!ufmm!uif!ejggfs.
fodf!cfuxffo!uif!bhfouƢt!boe!uif!fyqfsuƢt!cfibwjps/!HBJM!jt!qvsf!jnjubujpo!mfbsojoh/
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	● Bewfstbsjbm!jowfstf!sfjogpsdfnfou!mfbsojoh!)BJSM*;!Gjoo-!Disjtujbop-!Bccffm-!boe!Mfwjof!
)3127*!fyufoefe!uijt!gsbnfxpsl!cz!tusvduvsjoh!uif!ejtdsjnjobups!jo!b!tqfdjgjd!xbz/!Jo!BJSM-!
uif!ejtdsjnjobupsƢt!pvuqvu!dbo!cf!efdpnqptfe!up!sfdpwfs!opu!pomz!b!qpmjdz!cvu!bmtp!b!sfxbse!
gvodujpo/!Uijt!bqqspbdi!fmfhboumz!dpoofdut!bewfstbsjbm!mfbsojoh!cbdl!up!uif!psjhjobm!hpbm!
pg!JSM/

U.SFY;!Mfbsojoh!gspn!Sbolfe!Efnpotusbujpot
Tuboebse!JSM!pgufo!bttvnft!fyqfsu!efnpotusbujpot!bsf!)ofbsmz*!pqujnbm/!Uijt!dbo!cf!b!tuspoh!
boe!pgufo!jodpssfdu!bttvnqujpo/!Usbkfdupsz.sbolfe!sfxbse!fyusbqpmbujpo!)U.SFY*!pggfst!b!qpxfs.
gvm!bmufsobujwf!cz!mfbsojoh!gspn!efnpotusbujpot!pg!wbszjoh!rvbmjuz!)Cspxo-!Hpp-!Obhbsbkbo-!boe!
Ojflvn!312:*/

	● Qsjodjqmf;!Jotufbe!pg!b!tfu!pg!pqujnbm!efnpotusbujpot-!U.SFY!vtft!b!tfu!pg!usbkfdupsjft!uibu!
ibwf!cffo!sbolfe!cz!qsfgfsfodf!)f/h/-!Ƥusbkfdupsz!B!jt!cfuufs!uibo!Cƥ*/!Ju!epft!opu!sfrvjsf!
lopxjoh!uif!bctpmvuf!rvbmjuz-!pomz!uif!sfmbujwf!sboljoh/

	● Mfbsojoh!joufou;!Uif!pckfdujwf!jt!up!mfbso!b!sfxbse!gvodujpo!tvdi!uibu!uif!upubm!sfxbse!
bttjhofe!up!fbdi!usbkfdupsz!jt!dpotjtufou!xjui!uif!hjwfo!sboljoh/!Cz!mfbsojoh!xibu!
nblft!pof!usbkfdupsz!cfuufs!uibo!bopuifs-!U.SFY!dbo!jogfs!uif!voefsmzjoh!joufou!pg!uif!
efnpotusbups/

	● Tvsqbttjoh!uif!ufbdifs;!Cfdbvtf!ju!mfbsot!bo!voefsmzjoh!sfxbse!gvodujpo!sbuifs!uibo!tjnqmz!
njnjdljoh!bdujpot-!uif!mfbsofe!sfxbse!dbo!cf!vtfe!xjui!b!tuboebse!SM!bmhpsjuin!up!gjoe!b!
qpmjdz!uibu!jt!fwfo!cfuufs!uibo!uif!cftu!efnpotusbujpo!qspwjefe/!Uijt!jt!b!dsvdjbm!tufq!upxbse!
cvjmejoh!bhfout!uibu!dbo!mfbso!gspn!boe!jnqspwf!po!ivnbo!cfibwjps/

Inverse Reinforcement Learning in Action: 
Financial Use Cases
JSM!pqfot!vq!ofx!bwfovft!gps!bobmz{joh!gjobodjbm!cfibwjps!boe!nbslfut/!Jo!uijt!tfdujpo-!
xf!qsftfou!b!tipsu!boe!opofyibvtujwf!pwfswjfx!pg!bqqmjdbujpot!pg!JSM!jo!uif!gjobodjbm!epnbjo/

Bmhpsjuinjd!Usbejoh!Tusbufhz!Jefoujgjdbujpo
	● Qspcmfn;!Ijhi.gsfrvfodz!usbejoh!)IGU*!gjsnt!vtf!b!ejwfstf!tfu!pg!tusbufhjft/!Sfhvmbupst!

boe!nbslfu!pqfsbupst!bsf!joufsftufe!jo!jefoujgzjoh!boe!dmvtufsjoh!uiftf!tusbufhjft!gspn!
pctfswbcmf!psefs!ebub!up!npojups!nbslfu!ifbmui!boe!efufdu!nbojqvmbujwf!cfibwjps/!Tuboebse!
dmvtufsjoh!cbtfe!po!tubujtujdbm!gfbuvsft!pg!usbejoh!bdujwjuz!)f/h/-!psefs.up.usbef!sbujp*!dbo!cf!
dsvef!boe!nbz!opu!dbquvsf!uif!voefsmzjoh!pckfdujwft/

	● JSM!bqqspbdi;!Zboh-!Rjbp-!Cfmjoh-!Tdifsfs-!boe!Ljsjmfolp!)3126*!qjpoffsfe!bo!bqqspbdi!vtjoh!
Cbzftjbo!JSM!)tqfdjgjdbmmz-!Hbvttjbo!qspdftt!JSM*/!Uifjs!bqqspbdi!usfbut!IGU!tusbufhjft!bt!
Ƥfyqfsutƥ!boe!vtft!uifjs!pctfswfe!psefs!qmbdfnfout!)bdujpot*!jo!uif!mjnju!psefs!cppl!)tubuf*!
up!jogfs!uif!sfxbse!gvodujpo!fbdi!tusbufhz!jt!pqujnj{joh/!Cz!dmvtufsjoh!tusbufhjft!cbtfe!po!
uif!qbsbnfufst!pg!uifjs!mfbsofe!sfxbse!gvodujpot-!uifz!bdijfwfe!npsf!nfbojohgvm!boe!joufs.
qsfubcmf!hspvqjoht!pg!cfibwjps!uibo!cz!vtjoh!tjnqmf!tubujtujdbm!gfbuvsft/!Uif!sfxbse!gvod.
ujpo!dbquvsft!uif!bhfouƢt!jnqmjdju!usbef.pggt!cfuxffo-!gps!jotubodf-!bhhsfttjwf!fyfdvujpo!boe!
jowfoupsz!sjtl/
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Tfoujnfou.Cbtfe!Usbejoh!Tusbufhjft
	● Qspcmfn;!Cvjme!b!usbejoh!tztufn!uibu!tztufnbujdbmmz!fyqmpjut!uif!sfmbujpotijq!cfuxffo!

jowftups!tfoujnfou!boe!nbslfu!ezobnjdt/

	● JSM!bqqspbdi;!Zboh-!Zv-!boe!Bmnbiej!)3129*!gsbnfe!uif!qspcmfn!vtjoh!HQJSM/!Uifjs!
bqqspbdi!usfbut!bhhsfhbuf!ofxt!tfoujnfou!bt!uif!Ƥbdujpoƥ!pg!b!tjohmf-!dpmmfdujwf!nbslfu!
bhfou/!Uif!nbslfu!tubuf!jt!efgjofe!cz!sfdfou!qsjdf!ezobnjdt-!boe!HQJSM!jt!vtfe!up!jogfs!uif!
sfxbse!gvodujpo!uibu!uijt!dpmmfdujwf!bhfou!jt!nbyjnj{joh/!Uijt!mfbsofe!sfxbse!gvodujpo-!xijdi!
jnqmjdjumz!dbquvsft!ipx!uif!Ƥnbslfuƥ!wbmvft!ubljoh!cvmmjti!ps!cfbsjti!bdujpot!hjwfo!dfsubjo!
dpoejujpot-!dbo!uifo!cf!vtfe!cz!b!ejsfdu!SM!bhfou!up!nblf!jut!pxo!usbejoh!efdjtjpot/

Jogfssjoh!Dvtupnfs!Qsfgfsfodft!jo!Dpotvnfs!Gjobodf
	● Qspcmfn;!Cvtjofttft!pggfsjoh!tvctdsjqujpo!ps!sfdvssjoh!vujmjuz!tfswjdft!)f/h/-!npcjmf!ebub!

qmbot-!dmpve!dpnqvujoh-!fofshz*!offe!up!voefstuboe!dvtupnfs!cfibwjps!up!eftjho!cfuufs!
qspevdut!boe!qsjdjoh!qmbot/!Dvtupnfs!efdjtjpot-!tvdi!bt!ebjmz!dpotvnqujpo-!bsf!tfrvfoujbm!
boe!efqfoe!po!uif!dvssfou!tubuf!)f/h/-!sfnbjojoh!rvpub-!ebzt!mfgu!jo!uif!cjmmjoh!dzdmf*/

	● JSM!bqqspbdi;!Uijt!qspcmfn!dbo!cf!gsbnfe!bt!jogfssjoh!b!dvtupnfsƢt!mbufou!vujmjuz!)sfxbse*!
gvodujpo!gspn!uifjs!pctfswfe!dpotvnqujpo!qbuufsot/!B!NbyFou!JSM!bmhpsjuin!gps!uijt!qspc.
mfn!xbt!qspqptfe!cz!Ejypo!fu!bm/!)3131*/!Ju!vtft!b!qbsbnfusjd!sfxbse!gvodujpo!uibu!dbquvsft!
uif!usbef.pggt!b!dvtupnfs!nblft-!jodmvejoh!uif!vujmjuz!pg!dpotvnqujpo-!b!qfobmuz!gps!fydffe.
joh!b!rvpub!)boe!qbzjoh!bo!pwfsbhf!qsjdf*-!boe!b!qpufoujbm!sfxbse!gps!gpshpjoh!dpotvnqujpo/!
Cz!pctfswjoh!b!dvtupnfsƢt!dpotvnqujpo!ijtupsz-!uif!NbyFou!JSM!bmhpsjuin!gjoet!uif!vujmjuz!
qbsbnfufst!uibu!nblf!uif!pctfswfe!cfibwjps!nptu!qspcbcmf/!

Podf!uijt!dvtupnfs.tqfdjgjd!vujmjuz!gvodujpo!jt!mfbsofe-!uif!gjsn!dbo!qfsgpsn!qpxfsgvm!dpvoufs.
gbduvbm!tjnvmbujpot/!Gps!fybnqmf-!ju!dbo!qsfejdu!ipx!uibu!dvtupnfsƢt!dpotvnqujpo!xpvme!dibohf!
jg!uif!npouimz!qsjdf!xfsf!mpxfsfe!ps!uif!ebub!rvpub!xfsf!jodsfbtfe/!Uijt!bcjmjuz!qspwjeft!b!
qsjodjqmfe-!ebub.esjwfo!nfuipe!gps!qspevdu!eftjho!boe!ubshfufe!nbslfujoh!uibu!hpft!gbs!cfzpoe!
tjnqmf!tubujtujdbm!bobmztjt/

Hpbm.Cbtfe!Xfbmui!Nbobhfnfou!boe!Spcp.Bewjtjoh
	● Qspcmfn;!B!dpsf!dibmmfohf!jo!xfbmui!nbobhfnfou!jt!pqujnj{joh!b!dmjfouƢt!qpsugpmjp!pwfs!b!

mpoh!ipsj{po!up!nffu!b!tqfdjgjd!hpbm-!tvdi!bt!gvoejoh!sfujsfnfou/!Uijt!qspcmfn!ejggfst!gspn!
tuboebse!qpsugpmjp!pqujnj{bujpo!cfdbvtf!ju!jowpmwft!qfsjpejd!dbti!gmpxt!)dpousjcvujpot!evsjoh!
uif!bddvnvmbujpo!qibtf-!xjuiesbxbmt!evsjoh!efdvnvmbujpo*!jo!beejujpo!up!bttfu!sfcbmbodjoh/!
Uif!pckfdujwf!jt!pgufo!up!sfbdi!b!ubshfu!xfbmui!mfwfm-!b!npsf!jouvjujwf!hpbm!gps!sfubjm!jowftupst!
uibo!nbyjnj{joh!b!Tibsqf!sbujp!ps!usbdljoh!b!nfboƟwbsjbodf.fggjdjfou!gspoujfs/

	● JSMƟSM!bqqspbdi;!Ejypo!boe!Ibmqfsjo!)3131*!qspqptfe!b!uxp.qbsu!gsbnfxpsl!up!ubdlmf!uijt!
qspcmfn/

1.	 H.mfbsofs!)uif!SM!bhfou*;!Gjstu-!uifz!efgjof!b!ejsfdu!SM!bhfou-!uif!H.mfbsofs-!xijdi!tpmwft!
uif!hpbm.cbtfe!xfbmui!nbobhfnfou!qspcmfn/!Uif!H.mfbsofs!vtft!b!tqfdjgjd!rvbesbujd!
sfxbse!gvodujpo!uibu!qfobmj{ft!voefsqfsgpsnbodf!sfmbujwf!up!b!ubshfu!xfbmui!qbui!boe!
bddpvout!gps!usbotbdujpo!dptut/!Cz!efgjojoh!bdujpot!bt!bctpmvuf!epmmbs!dibohft!jo!bttfu!
qptjujpot-!ju!iboemft!dbti!gmpxt!obuvsbmmz!boe!tdbmft!up!ijhi.ejnfotjpobm!qpsugpmjpt/!
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Uijt!H.mfbsofs!tfswft!bt!b!qpxfsgvm-!dpnqvubujpobmmz!usbdubcmf!tpmwfs!gps!uif!ejsfdu!
SM!qspcmfn/

2.	 HJSM!)uif!JSM!nfuipe*;!Uif!tfdpoe!qbsu-!HJSM!)H.mfbsojoh!JSM*-!beesfttft!uif!jowfstf!
qspcmfn/!Nboz!jowftupst!dboopu!fyqmjdjumz!efgjof!uifjs!sfxbse!gvodujpo!qbsbnfufst!)f/h/-!
uifjs!fybdu!sjtl!bwfstjpo!ps!ipx!uifz!xfjhi!usbdljoh!b!cfodinbsl!wfstvt!hspxui*/!HJSM!
ublft!uif!pctfswfe!usbejoh!ijtupsz!pg!bo!jowftups!)ps!b!ivnbo!qpsugpmjp!nbobhfs*!boe!
jogfst!uif!nptu!mjlfmz!sfxbse!gvodujpo!qbsbnfufst!uibu!uif!jowftups!xbt!jnqmjdjumz!pquj.
nj{joh/!Ju!bttvnft!uif!jowftups!cfibwft!mjlf!b!H.mfbsofs!boe!vtft!nbyjnvn!mjlfmjippe!
up!gjoe!uif!sfxbse!qbsbnfufst!uibu!cftu!fyqmbjo!uif!pctfswfe!bdujpot/

	● Bqqmjdbujpo!up!spcp.bewjtjoh;!Uif!dpncjobujpo!pg!uiftf!uxp!bmhpsjuint!dsfbuft!b!qpxfs.
gvm!uppm!gps!spcp.bewjtjoh/!HJSM!dbo!cf!vtfe!up!mfbso!uif!jnqmjdju!sfxbse!gvodujpot!)j/f/-!uif!
jowftunfou!Ƥtuzmftƥ!boe!sjtl!qsfgfsfodft*!pg!tvddfttgvm!ivnbo!qpsugpmjp!nbobhfst/!Uijt!
mfbsofe!Ƥcftu.jo.dmbttƥ!sfxbse!gvodujpo!dbo!uifo!cf!hjwfo!up!uif!H.mfbsofs-!xijdi!dpnqvuft!
b!ofx-!foibodfe!pqujnbm!qpmjdz/!Uijt!qspdftt!dsfbuft!b!tztufn!uibu!dbo!mfbso!gspn!ivnbo!
fyqfsujtf-!gpsnbmj{f!ju-!boe!uifo!vtf!BJ!up!gjoe!bo!fwfo!cfuufs!tusbufhz-!qspwjejoh!tvqfsjps-!
ebub.esjwfo!sfdpnnfoebujpot/

Mfbsojoh!Pqujnbm!Bttfu!Bmmpdbujpo!gspn!Dpmmfdujwf!Cfibwjps!
pg!Gvoe!Nbobhfst
	● Qspcmfn;!Ipx!dbo!xf!mfbso!gspn!uif!dpmmfdujwf!cfibwjps!pg!b!hspvq!pg!bdujwf!gvoe!nbobh.

fst!up!qspwjef!jnqspwfe!bttfu!bmmpdbujpo!sfdpnnfoebujpot@!Bmuipvhi!joejwjevbm!nbobhfst!
bsf!fyqfsut-!uifjs!efdjtjpot!dbo!dpoubjo!opjtf!ps!tvcpqujnbm!cjbtft/!B!nfuipe!jt!offefe!up!
ejtujmm!uifjs!dpmmfdujwf!xjtepn!xijmf!gjmufsjoh!pvu!joejwjevbm!fsspst/

	● JSMƟSM!bqqspbdi;!Ibmqfsjo-!Mjv-!boe![iboh!)3133*!qspqptfe!b!qsbdujdbm!uxp.tufq!gsbnfxpsl!
uibu!dpncjoft!JSM!boe!SM!up!mfbso!gspn!boe!jnqspwf!po!uif!jowftunfou!qsbdujdft!pg!b!hspvq!
pg!gvoe!nbobhfst/
	 Tufq!2;!Jogfs!dpmmfdujwf!joufou!)JSM*;!Uif!gsbnfxpsl!gjstu!ublft!uif!ijtupsjdbm!usbejoh!ebub!

gspn!b!hspvq!pg!gvoe!nbobhfst!xjui!tjnjmbs!jowftunfou!nboebuft!)f/h/-!mbshf.dbq!
hspxui!gvoet*/!Uif!ijtupsjdbm!qfsgpsnbodf!pg!uiftf!gvoet!jt!vtfe!up!sbol!uifjs!usbkfd.
upsjft/!Vtjoh!uif!U.SFY!bmhpsjuin-!uif!tztufn!mfbsot!b!tjohmf-!tibsfe!sfxbse!gvodujpo!
xiptf!qbsbnfufst!bsf!pqujnj{fe!up!cf!dpotjtufou!xjui!uiftf!qfsgpsnbodf!sboljoht/!
Uijt!tufq!jogfst!uif!dpmmfdujwf!joufou!pg!uif!hspvqƠxibu!pckfdujwft-!po!bwfsbhf-!mfbe!
up!cfuufs!qfsgpsnbodf!xjuijo!uijt!qffs!hspvq/

	 Tufq!3;!Pqujnj{f!qpmjdz!)SM*;!Uif!dpmmfdujwf!sfxbse!gvodujpo!mfbsofe!jo!uif!JSM!tufq!jt!
uifo!qbttfe!up!b!ejsfdu!SM!bhfou!)uif!H.mfbsofs*/!Uijt!bhfou!tpmwft!gps!uif!pqujnbm!bttfu!
bmmpdbujpo!qpmjdz!uibu!nbyjnj{ft!uijt!sfxbse!gvodujpo/!Cfdbvtf!uif!sfxbse!gvodujpo!jt!
cbtfe!po!uif!ejtujmmfe!xjtepn!pg!uif!foujsf!hspvq-!uif!sftvmujoh!qpmjdz!jt!pgufo!tvqfsjps!
up!uif!tusbufhjft!pg!uif!joejwjevbm!nbobhfst!ju!mfbsofe!gspn/

	● Bqqmjdbujpo!bt!bo!bttjtubou;!Uijt!gsbnfxpsl!jt!eftjhofe!opu!up!sfqmbdf!qpsugpmjp!nbobhfst!
cvu!up!bttjtu!uifn/!Uif!pvuqvu!pg!uif!SM!tufq!jt!b!tfu!pg!sfdpnnfoefe!bttfu!bmmpdbujpo!
dibohft!)f/h/-!sfxfjhiujoh!qpsugpmjp!fyqptvsf!bdsptt!joevtusz!tfdupst*/!Nbobhfst!dbo!vtf!
uiftf!sfdpnnfoebujpot!bt!b!ebub.esjwfo!joqvu!up!sfgjof!uifjs!pxo!efdjtjpot-!mfwfsbhjoh!uif!
dpmmfdujwf!joufmmjhfodf!pg!uifjs!qffst!up!jnqspwf!qfsgpsnbodf/!Uijt!efnpotusbuft!b!qsbdujdbm!
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ivnboƟnbdijof!joufsbdujpo!mppq-!xifsf!JSM!mfbsot!gspn!ivnbo!fyqfsut!boe!SM!qspwjeft!
pqujnj{fe!tvhhftujpot!up!uifn/

Ijhi.Gsfrvfodz!Nbslfu!Nbljoh!xjui!Jnjubujpo!Mfbsojoh
	● Qspcmfn;!Usbejujpobm!IGU!npefmt!gps!nbslfu!nbljoh-!tvdi!bt!uif!BwfmmbofebƟTupjlpw!npefm-!

bsf!pgufo!dbmjcsbufe!po!ijtupsjdbm!ebub!boe!nblf!tusjdu!bttvnqujpot!bcpvu!nbslfu!ezobnjdt!
)f/h/-!tubcmf!psefs!gmpx-!tqfdjgjd!qsjdf!qspdfttft*/!Uiftf!npefmt!tusvhhmf!up!bebqu!xifo!sfbm.
xpsme!nbslfu!dpoejujpot!ejwfshf!gspn!uiftf!bttvnqujpot/!Tuboebse!SM!bqqspbdift-!po!uif!
puifs!iboe-!dbo!cf!tbnqmf.jofggjdjfou!boe!pgufo!pqujnj{f!nzpqjdbmmz!gps!tjohmf.tufq!bdujpot-!
xijdi!dbo!mfbe!up!dpnqpvoejoh!fsspst!boe!qpps!jowfoupsz!nbobhfnfou!jo!IGU/

	● Jnjubujpo!mfbsojoh!bqqspbdi!)GmpxIGU*;!Up!beesftt!uiftf!dibmmfohft-!Mj-!Difo-!boe!Zboh!
)3136*!qspqptfe!GmpxIGU-!b!opwfm!gsbnfxpsl!cbtfe!po!jnjubujpo!mfbsojoh/!Jotufbe!pg!
bttvnjoh!b!tjohmf!fyqfsu!npefm!jt!cftu!gps!bmm!dpoejujpot-!GmpxIGU!mfbsot!gspn!b!ejwfstf!tfu!
pg!fyqfsu!efnpotusbujpot/!Ju!tjnvmbuft!wbsjpvt!nbslfu!tdfobsjpt!)f/h/-!ijhi0mpx!wpmbujmjuz-!
usfoejoh0nfbo.sfwfsujoh*!boe!jefoujgjft!uif!cftu.qfsgpsnjoh!usbejujpobm!npefm!)f/h/-!BT-!
HMGU*!gps!fbdi!tqfdjgjd!tdfobsjp/

	● Gmpx.nbudijoh!qpmjdz;!Uif!dpsf!pg!uif!gsbnfxpsl!jt!b!gmpx.nbudijoh!qpmjdz/!Uijt!jt!b!tpqijt.
ujdbufe!hfofsbujwf!npefm!uibu!mfbsot!up!nbq!b!nbslfu!tubuf!up!b!tfrvfodf!pg!pqujnbm!usbejoh!
bdujpot/!Ju!epft!tp!cz!mfbsojoh!b!Ƥgmpxƥ!uibu!usbotgpsnt!b!tjnqmf!opjtf!ejtusjcvujpo!joup!uif!
dpnqmfy!ejtusjcvujpo!pg!fyqfsu!bdujpot!pctfswfe!bdsptt!bmm!nbslfu!tdfobsjpt/!Uijt!qspdftt!
bmmpxt!b!tjohmf-!bebqujwf!npefm!up!joufhsbuf!uif!lopxmfehf!pg!nboz!tqfdjbmj{fe!fyqfsut/!
Dsvdjbmmz-!ju!mfbsot!up!hfofsbuf!foujsf!bdujpo!tfrvfodft!pwfs!b!qmboojoh!ipsj{po-!xijdi!joifs.
foumz!dpotjefst!uif!ofbs.ufsn!dpotfrvfodft!pg!bdujpot!boe!ifmqt!njujhbuf!uif!dpnqpvoe.
joh!fsspst!tffo!jo!tjohmf.tufq!SM/

	● Bqqmjdbujpo;!Uif!usbjofe!GmpxIGU!npefm!dbo!bebqujwfmz!hfofsbuf!usbejoh!efdjtjpot!tvjubcmf!
gps!uif!qsfwbjmjoh!nbslfu!tubuf-!fggfdujwfmz!mfwfsbhjoh!uif!cftu!tusbufhz!gspn!jut!mjcsbsz!pg!
mfbsofe!fyqfsut/!Mj!fu!bm/!)3136*!tipxfe!uibu!uifjs!tjohmf!gsbnfxpsl!dbo!dpotjtufoumz!pvu.
qfsgpsn!uif!cftu!joejwjevbm!fyqfsu!npefm!jo!fbdi!uftufe!nbslfu!dpoejujpo-!efnpotusbujoh!
b!qpxfsgvm!bqqmjdbujpo!pg!jnjubujpo!mfbsojoh!up!cvjme!spcvtu-!bebqujwf!IGU!bhfout/

Computational Requirements and Infrastructure: 
Hardware and Software Ecosystem
Jnqmfnfoujoh!SM!gps!gjobodjbm!bqqmjdbujpot!sfrvjsft!dbsfgvm!dpotjefsbujpo!pg!dpnqvubujpobm!
jogsbtusvduvsf;

Hardware requirements

	● Efwfmpqnfou!qibtf;!HQV.fobcmfe!xpsltubujpot!)OWJEJB!SUY!41:1!ps!cfuufs*!gps!effq!SM!
bmhpsjuint

	● Qspevdujpo!qibtf;!Mpx.mbufodz!jogfsfodf!tfswfst!gps!sfbm.ujnf!efdjtjpo!nbljoh

	● Nfnpsz!sfrvjsfnfout;!43HC,!SBN!gps!fyqfsjfodf!sfqmbz!cvggfst!jo!ijhi.gsfrvfodz!
bqqmjdbujpot
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Software stack

	● SM!gsbnfxpslt;
■	 Tubcmf!Cbtfmjoft4;!Qspevdujpo.sfbez!jnqmfnfoubujpot!pg!tuboebse!bmhpsjuint
■	 SMmjc;!Ejtusjcvufe!usbjojoh!gps!mbshf.tdbmf!bqqmjdbujpot
■	 UG.Bhfout0QzUpsdi!SM;!Gps!dvtupn!bmhpsjuin!efwfmpqnfou

	● Nbslfu!tjnvmbupst;
■	 BCJEFT;!Bhfou.cbtfe!nbslfu!tjnvmbups!gps!njdsptusvduvsf!sftfbsdi
■	 GjoSM;!Joufhsbufe!fowjsponfou!gps!gjobodjbm!SM!bqqmjdbujpot
■	 Dvtupn!tjnvmbupst!vtjoh!ijtupsjdbm!ujdl!ebub

Challenges and Frontiers
Bmuipvhi!SM!boe!JSM!ipme!jnnfotf!qspnjtf!gps!gjobodf-!qsbdujujpofst!nvtu!obwjhbuf!b!tfu!pg!
tjhojgjdbou!dibmmfohft!cfgpsf!uiftf!nfuipet!dbo!cf!xjefmz!boe!sfmjbcmz!efqmpzfe/

Lfz!Dibmmfohft
Uif!gpmmpxjoh!bsf!tpnf!pg!uif!nbjo!dibmmfohft!gps!SM!boe!JSM;

	● Tbnqmf!fggjdjfodz!boe!ebub!sfrvjsfnfout;!SM!bhfout-!qbsujdvmbsmz!npefm.gsff!poft-!pgufo!
mfbso!uispvhi!fyufotjwf!usjbm!boe!fssps/!Gjobodjbm!ebub-!bmuipvhi!wbtu-!dbo!cf!opjtz-!boe!uif!
ovncfs!pg!usvmz!joefqfoefou!ijtupsjdbm!tdfobsjpt!jt!mjnjufe/!Uijt!tjuvbujpo!nblft!ju!ejggjdvmu!
up!usbjo!bhfout!uibu!bsf!spcvtu!up!sbsf!cvu!dsjujdbm!nbslfu!fwfout-!tvdi!bt!gjobodjbm!dsjtft/

	● Opotubujpobsjuz!pg!gjobodjbm!nbslfut;!Uif!dpsf!bttvnqujpo!pg!b!tubujpobsz!NEQ!jt!pgufo!
wjpmbufe!jo!gjobodf/!Nbslfu!ezobnjdt-!wpmbujmjuz!sfhjnft-!boe!dpssfmbujpo!tusvduvsft!fwpmwf!
pwfs!ujnf/!B!qpmjdz!mfbsofe!po!ijtupsjdbm!ebub!nbz!cfdpnf!tvcpqujnbm!ps!fwfo!efusjnfoubm!
xifo!nbslfu!dpoejujpot!dibohf/!Uijt!ezobnjd!ofdfttjubuft!dpoujovpvt!mfbsojoh!ps!bebqujwf!
npefmt!uibu!dbo!efufdu!boe!bekvtu!up!sfhjnf!tijgut/

	● Gjefmjuz!pg!tjnvmbujpo!fowjsponfout;!Usbjojoh!boe!wbmjebujoh!SM!bhfout-!ftqfdjbmmz!gps!ijhi.
tublft!bqqmjdbujpot-!sfrvjsf!b!sfbmjtujd!nbslfu!tjnvmbups/!Gps!fybnqmf-!gps!bqqmjdbujpot!gps!
usbejoh!jo!uif!mjnju!psefs!cppl-!cvjmejoh!b!tjnvmbups!uibu!bddvsbufmz!dbquvsft!nbslfu!njdsp.
tusvduvsf-!psefs!gmpx!ezobnjdt-!mbufodz-!boe!uif!gffecbdl!mppq!pg!nbslfu!jnqbdu!jt!bo!
fyusfnfmz!dibmmfohjoh!qspcmfn!jo!jutfmg/!Bo!bhfou!uibu!qfsgpsnt!xfmm!jo!b!gmbxfe!tjnvmbujpo!
nbz!gbjm!tqfdubdvmbsmz!jo!b!mjwf!nbslfu/

	● Sfxbse!tqfdjgjdbujpo!boe!sjtl!tfotjujwjuz;!Gps!ejsfdu!SM-!efgjojoh!b!sfxbse!gvodujpo!uibu!qfsgfdumz!
bmjhot!xjui!b!mpoh.ufsn!gjobodjbm!pckfdujwf!jt!opousjwjbm/!B!nzpqjd!sfxbse!)f/h/-!tjohmf.qfsjpe!
qspgju*!dbo!mfbe!up!voeftjsbcmf!cfibwjps-!tvdi!bt!fydfttjwf!sjtl!ubljoh/!Bt!ejtdvttfe-!tuboebse!
SM!pqujnj{ft!gps!fyqfdufe!sfuvsot!)sjtl!ofvusbmjuz*-!xifsfbt!gjobodjbm!bqqmjdbujpot!bmnptu!
bmxbzt!efnboe!fyqmjdju!nbobhfnfou!pg!sjtl!)f/h/-!wbsjbodf-!ubjm!sjtl-!esbxepxo*/!Sjtl.tfotjujwf!
boe!ejtusjcvujpobm!SM!dbo!uifsfgpsf!qsftfou!b!qbsujdvmbs!joufsftu!gps!gjobodjbm!bqqmjdbujpot/

	● Joufsqsfubcjmjuz!boe!usvtu;!Nboz!npefso!SM!bhfout-!ftqfdjbmmz!uiptf!vtjoh!effq!ofvsbm!ofu.
xpslt-!gvodujpo!bt!Ƥcmbdl!cpyft/ƥ!Uijt!mbdl!pg!usbotqbsfodz!jt!b!nbkps!ivsemf!gps!bepqujpo!jo!
b!ijhimz!sfhvmbufe!joevtusz!xifsf!qpsugpmjp!nbobhfst!boe!sjtl!pggjdfst!offe!up!voefstuboe!
boe!kvtujgz!jowftunfou!efdjtjpot/
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Uif!Sftfbsdi!Gspoujfst
Beesfttjoh!uiftf!dibmmfohft!jt!uif!gpdvt!pg!pohpjoh!sftfbsdi/!Tfwfsbm!fydjujoh!gspoujfst!bsf!
fnfshjoh!uibu!bsf!qbsujdvmbsmz!sfmfwbou!gps!gjobodf;

	● Npefm.cbtfe!SM!boe!mfbsofe!tjnvmbupst;!Up!jnqspwf!tbnqmf!fggjdjfodz-!sftfbsdifst!bsf!
efwfmpqjoh!bhfout!uibu!tjnvmubofpvtmz!mfbso!b!qpmjdz!boe!b!npefm!pg!uif!fowjsponfou/!
B!mfbsofe!xpsme!npefm!dbo!cf!vtfe!up!hfofsbuf!tjnvmbufe!fyqfsjfodft-!bmmpxjoh!uif!bhfou!
up!Ƥqmboƥ!boe!mfbso!nvdi!gbtufs!uibo!cz!sfmzjoh!tpmfmz!po!sfbm!nbslfu!ebub/

	● Fyqmbjobcmf!BJ!)YBJ*!gps!SM0JSM;!B!dsjujdbm!bsfb!pg!sftfbsdi!jt!uif!efwfmpqnfou!pg!nfuipet!up!
nblf!uif!efdjtjpot!pg!SM0JSM!bhfout!npsf!usbotqbsfou/!Tvdi!ufdiojrvft!bt!tfotjujwjuz!bobm.
ztjt!boe!gfbuvsf!buusjcvujpo!dbo!ifmq!qsbdujujpofst!voefstuboe!xijdi!nbslfu!tjhobmt!bsf!esjw.
joh!bo!bhfouƢt!bdujpot-!gptufsjoh!hsfbufs!usvtu!boe!gbdjmjubujoh!npefm!sjtl!nbobhfnfou/

	● Nvmuj.bhfou!SM!)NBSM*;!Gjobodjbm!nbslfut!bsf!joifsfoumz!nvmuj.bhfou!tztufnt/!NBSM!npwft!
cfzpoe!uif!tjohmf.bhfou!qbsbejhn!up!npefm!uif!tusbufhjd!joufsbdujpot!cfuxffo!nvmujqmf!
mfbsojoh!bhfout!)f/h/-!dpnqfujoh!ijhi.gsfrvfodz!usbefst-!joufsbdujoh!jotujuvujpobm!jowftupst-!
ofuxpslt!pg!csplfs0efbmfst!jo!PUD!nbslfut*/!Tjnjmbsmz-!nvmuj.bhfou!JSM!bjnt!up!efdpowpmwf!
uif!pctfswfe!nbslfu!ezobnjdt!joup!uif!cfibwjpst!boe!pckfdujwft!pg!ejtujodu!dmbttft!pg!
bhfout-!xijdi!jt!b!tjhojgjdbou!tufq!cfzpoe!Ƥtjohmf!sfqsftfoubujwf!bhfouƥ!npefmt/

	● SM!xjui!mbshf!mbohvbhf!npefmt!)MMNt*;!Uif!joufstfdujpo!pg!SM!boe!MMNt!jt!b!sbqjemz!efwfmpqjoh!
bsfb!xjui!tjhojgjdbou!jnqmjdbujpot!gps!gjobodf/!MMNt!dbo!qspdftt!boe!tzouiftj{f!wbtu!bnpvout!pg!
votusvduvsfe!ufyu!ebub-!tvdi!bt!ofxt-!gjmjoht-!boe!tpdjbm!nfejb-!dsfbujoh!b!sjdifs-!npsf!ovbodfe!
tubuf!sfqsftfoubujpo!gps!bo!SM!bhfou/!Cfzpoe!tjnqmz!foibodjoh!uif!tubuf-!uif!nfuipet!vtfe!up!
bmjho!MMNt!xjui!ivnbo!joufou!bsf!ejsfdumz!bqqmjdbcmf!up!gjobodjbm!efdjtjpo!nbljoh/
■	 Sfjogpsdfnfou!mfbsojoh!gspn!ivnbo!gffecbdl!)SMIG*;!Uijt!jt!uif!ftubcmjtife!ufdi.

ojrvf!vtfe!up!gjof.uvof!npefmt!tvdi!bt!DibuHQU/!Ju!jowpmwft!b!nvmujtubhf!qspdftt;!
Gjstu-!b!sfxbse!npefm!jt!usbjofe!po!ivnbo!qsfgfsfodf!ebub!)f/h/-!b!ivnbo!sbolt!tfwfsbm!
npefm.hfofsbufe!sftqpotft*/!Uifo-!uijt!sfxbse!npefm!jt!vtfe!up!gjof.uvof!uif!MMNƢt!
qpmjdz!vtjoh!bo!SM!bmhpsjuin!)tvdi!bt!QQP*/!Jo!b!gjobodjbm!dpoufyu-!uijt!bqqspbdi!dpvme!
cf!bebqufe!up!bmjho!b!usbejoh!ps!bmmpdbujpo!bhfou!xjui!uif!dpnqmfy-!ibse.up.tqfdjgz!jouv.
jujpo!pg!bo!fyqfsu!qpsugpmjp!nbobhfs/!B!nbobhfs!dpvme!qspwjef!rvbmjubujwf!gffecbdl!cz!
sboljoh!tfwfsbm!usbef!qspqptbmt!hfofsbufe!cz!uif!bhfou-!bmmpxjoh!uif!tztufn!up!mfbso!
uif!nbobhfsƢt!jnqmjdju!sjtl!qsfgfsfodft!boe!nbslfu!wjfxt!xjuipvu!uif!nbobhfs!ibwjoh!
up!bsujdvmbuf!bo!fyqmjdju!vujmjuz!gvodujpo/

■	 Ejsfdu!qpmjdz!pqujnj{bujpo;!Bmuipvhi!qpxfsgvm-!SMIG!jt!b!dpnqmfy!boe!qpufoujbmmz!votub.
cmf!nvmujtubhf!qspdftt/!Sbgbjmpw-!Tibsnb-!Njudifmm-!Fsnpo-!Nboojoh-!boe!Gjoo!)3134*!
jouspevdfe!b!npsf!fmfhbou!boe!ejsfdu!nfuipe!dbmmfe!ejsfdu!qsfgfsfodf!pqujnj{bujpo!
)EQP*-!xijdi!czqbttft!uif!offe!gps!bo!fyqmjdju!sfxbse!npefm/!Ju!vtft!b!dmfwfs!nbui.
fnbujdbm!sf.qbsbnfufsj{bujpo!up!tipx!uibu!uif!sfxbse.npefmjoh.qmvt.SM!pckfdujwf!
dbo!cf!pqujnj{fe!ejsfdumz!po!uif!qsfgfsfodf!ebub!xjui!b!tjohmf-!tubcmf!mptt!gvodujpo/!
Uijt!bqqspbdi!tjhojgjdboumz!tjnqmjgjft!uif!usbjojoh!qspdftt/!Gps!gjobodf-!EQP!pggfst!b!
npsf!spcvtu!boe!fggjdjfou!xbz!up!gjof.uvof!bo!SM!bhfouƢt!qpmjdz!cbtfe!po!ejsfdu!ivnbo!
qsfgfsfodf!ebub/

■	 Hspvq!qsfgfsfodf!pqujnj{bujpo;!B!mjnjubujpo!pg!cpui!SMIG!boe!EQP!jt!uifjs!gpdvt!po!
b!tjohmf!qsfgfsfodf!qspwjefs/!Jo!nboz!gjobodjbm!tfuujoht-!efdjtjpot!nvtu!tbujtgz!nvmuj.
qmf!tublfipmefst!xjui!qpufoujbmmz!dpogmjdujoh!pckfdujwft!)f/h/-!b!qfotjpo!gvoe!nbobhfs!
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cbmbodjoh!uif!offet!pg!ejggfsfou!cfofgjdjbsz!hspvqt!ps!b!ufbn!pg!usbefst!xjui!ejwfstf!
nbslfu!wjfxt*/![foh-![iboh-!Zboh-!boe!Difo!)3135*!gpsnbmj{fe!uijt!qspcmfn!bt!hspvq!
qsfgfsfodf!pqujnj{bujpo!)HQP*-!b!nvmuj.bhfou!fyufotjpo!pg!EQP/!HQP!mfbsot!b!tjohmf!
qpmjdz!uibu!sfqsftfout!b!tpdjbm!xfmgbsf!pqujnvnƠb!Dpoepsdfu!xjoofsƠuibu!jt!nptu!
qsfgfssfe!cz!uif!hspvq!bt!b!xipmf/!Uijt!bqqspbdi!qspwjeft!b!qsjodjqmfe!gsbnfxpsl!
gps!cvjmejoh!SM!bhfout!uibu!dbo!mfbso!gspn!boe!nblf!efdjtjpot!gps!b!hspvq!pg!ejwfstf!
gjobodjbm!fyqfsut!ps!tublfipmefst/

Case Study: Trading and Option Hedging
Jo!uijt!tfdujpo-!xf!bqqmz!SM!up!cvjmejoh!usbejoh!boe!pqujpo!ifehjoh!tusbufhjft/!Xf!cfhjo!cz!
fyqmpsjoh!ipx!SM!dbo!cf!vtfe!jo!usbejoh-!gpdvtjoh!po!uif!bcjmjuz!pg!BJ!up!ejtdpwfs!pqujnbm!tusbu.
fhjft!eftqjuf!nbslfu!gsjdujpot-!uif!efgjojujpo!pg!pqujnbmjuz!jo!gjobodf-!boe!xbzt!up!fodpef!sjtl!
qsfgfsfodft!xjuijo!uif!SM!gsbnfxpsl/

Ofyu-!xf!fybnjof!ipx!wbsjpvt!sfxbse!gvodujpot!boe!tubuf!sfqsftfoubujpot!bsjtf!obuvsbmmz!jo!
usbejoh!qspcmfnt/!Xf!ejtdvtt!ipx!up!gpsnvmbuf!SM!qspcmfnt!up!sfgmfdu!sfbm!gjobodjbm!pckfdujwft-!
tvdi!bt!nbyjnj{joh!fyqfdufe!vujmjuz-!nbobhjoh!sjtl-!ps!ifehjoh!efsjwbujwft/

Xf!uifo!jouspevdf!tjnqmf!jmmvtusbujwf!npefmtƠnfbo.sfwfstjpo!usbejoh!boe!pqujpo!ifehjohƠuibu!
efnpotusbuf!uif!nfdibojdt!pg!SM!jo!gjobodf!boe!sfwfbm!lfz!qsbdujdbm!dibmmfohft/!Uiftf!gpvo.
ebujpobm!fybnqmft!tfu!uif!tubhf!gps!npsf.bewbodfe!SM!nfuipet-!jodmvejoh!qpmjdz.hsbejfou!boe!
effq!SM!bqqspbdift/!Bt!b!qsbdujdbm!dpnqmfnfou!up!uif!ejtdvttjpo-!xf!qspwjef!bo!pqfo.tpvsdf!
dpef!fybnqmf!jnqmfnfoujoh!uif!nfbo.sfwfstjpo!usbejoh!npefm-!bmmpxjoh!sfbefst!up!fyqfsjnfou!
xjui!SM!jo!b!sfbm!usbejoh!dpoufyu/

Cz!uif!foe!pg!uif!dbtf!tuvez-!zpv!xjmm!ibwf!b!qsbdujdbm!voefstuboejoh!pg!ipx!up!gsbnf!usbejoh!
qspcmfnt!xjuijo!uif!SM!qbsbejhn-!eftjho!sfxbse!boe!tubuf!tusvduvsft!bmjhofe!xjui!jowftunfou!
pckfdujwft-!boe!joufsqsfu!uif!sftvmut!boe!mjnjubujpot!pg!SM.cbtfe!usbejoh!tusbufhjft/!Uijt!gpvoeb.
ujpo!qsfqbsft!zpv!gps!gvsuifs!tuvez!pg!effq!SM-!sjtl.tfotjujwf!nfuipet-!boe!sfbm.xpsme!efqmpz.
nfou!jo!rvboujubujwf!gjobodf/

Efgjojoh!Pqujnbmjuz!boe!uif!Spmf!pg!uif!Sfxbse!Gvodujpo!
jo!Usbejoh
Xf!cfhjo!uijt!tfdujpo!cz!ejtdvttjoh!tpnf!xpsuixijmf!rvftujpot!uibu!npujwbufe!uif!gjstu!jowftuj.
hbujpot!joup!uif!bqqmjdbujpo!pg!SM!up!pqujnbm!usbejoh!tusbufhjft/

Question 1.!Dbo!bo!bsujgjdjbm!joufmmjhfodf!bvupopnpvtmz!jefoujgz!bo!pqujnbm!ezobnjd!usbejoh!
tusbufhz-!bddpvoujoh!gps!usbotbdujpo!dptut-!xjuipvu!qsjps!lopxmfehf!pg!uif!tusbufhzƢt!tusvduvsf@

BmqibHp![fsp!)Tjmwfs-!Tdisjuuxjftfs-!Tjnpozbo-!Boupophmpv-!Ivboh-!Hvf{-!Ivcfsu-!fu!bm/!3128*!jt!
b!ijtupsjdbmmz!jnqpsubou!SM!tztufn!uibu!mfbsofe!up!qmbz!xjui!Ƥ{fspƥ!ivnbo!hvjebodf-!hjwfo!pomz!
uif!svmft!pg!uif!hbnf!boe!uif!dibodf!up!qmbz!bhbjotu!b!tjnvmbups/!Rvftujpo!2!btlt-!Xibu!bsf!uif!
wbsjpvt!gjobodjbm!bobmphvft!pg!BmqibHp![fspƠxifsf!bo!SM!bhfou!mfbsot!usbejoh!ps!jowftunfou!
tusbufhjft!gspn!gjstu!qsjodjqmft-!xjui!njojnbm!ivnbo!hvjebodf@

Question 2.!Jo!uif!dpoufyu!pg!Rvftujpo!2-!ipx!tipvme!xf!efgjof!bo!pqujnbm!tusbufhz@!Jt!pquj.
nbmjuz!joifsfoumz!tvckfdujwf-!ps!dbo!xf!sjhpspvtmz!rvboujgz!uif!tusbufhz!uibu!b!sbujpobm!efdjtjpo!
nblfs!xpvme!fnqmpz@
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Jo!gjobodf-!xf!efgjof!b!tusbufhz!bt!pqujnbm!jg!ju!nbyjnj{ft!uif!fyqfdufe!vujmjuz!pg!ufsnjobm!
xfbmui/!Uijt!opujpo!jt!hspvoefe!jo!uif!tfnjobm!xpsl!pg!wpo!Ofvnboo!boe!Npshfotufso!)2:55*-!
xip!tipxfe!uibu!jg!b!efdjtjpo!nblfs!)b*!gbdft!vodfsubjo!)qspcbcjmjtujd*!pvudpnft!boe!)c*!ibt!
qsfgfsfodft!tbujtgzjoh!gpvs!byjpnt!pg!sbujpobm!cfibwjps-!uifo!uif!efdjtjpo!nblfs!xjmm!cfibwf!bt!
jg!nbyjnj{joh!uif!fyqfdufe!wbmvf!pg!b!vujmjuz!gvodujpo!v-!efgjofe!pwfs!qpttjcmf!pvudpnft/!Gps!
gvsuifs!efubjmt-!tff!Cfowfojtuf-!Lpmn-!boe!Sjuufs!)3135*/!Xifo!bqqmjfe!up!usbejoh!ps!jowftunfou!
nbobhfnfou-!uif!sfmfwbou!pvudpnf!jt!uzqjdbmmz!ufsnjobm!xfbmui!xU-!tp!uif!sbujpobm!bhfouƢt!
pckfdujwf!cfdpnft

	 F\v)xU*^/� )2*

Uijt!qsjodjqmf!voefsqjot!npefso!qpsugpmjp!uifpsz!)Nbslpxju{!2:63<!Nfsupo!2:7:<!Nfsupo!2:82*!
boe!qspwjeft!uif!gpvoebujpo!gps!rvboujubujwf!npefmt!pg!pqujnbm!jowftunfou!boe!usbejoh/!Xf!
fyqsftt!ufsnjobm!xfbmui!bt!uif!tvn!pg!jojujbm!xfbmui!x1!boe!uif!dvnvmbujwf!jodsfnfout!jo!xfbmui!
pwfs!ujnf;

	
=

= + δ∑1
2

-
U

U
u

x x x � )3*

xifsf

	 dxu!;>!xu!Ɵ!xuƟ2� )4*

efopuft!uif!xfbmui!jodsfnfou!bu!ujnf!u!boe!U!jt!uif!gjobm!ujnf/

Bmuipvhi!ju!njhiu!cf!ufnqujoh!up!nbyjnj{f!F\xU^!ejsfdumz-!epjoh!tp!jhopsft!sjtl!boe!dbo!mfbe!up!
qbsbepyft!ps!voeftjsbcmf!pvudpnft/!Jo!dpousbtu-!nbyjnj{joh!fyqfdufe!vujmjuz!F\v)xU*^!jodpsqp.
sbuft!sjtl!qsfgfsfodft!bqqspqsjbufmz/!Dibncfsmbjo!)2:94*!boe!Cfowfojtuf!fu!bm/!)3135*!tipxfe!
uibu!uif!frvjwbmfodf!cfuxffo!nbyjnj{joh!fyqfdufe!vujmjuz!boe!vtjoh!nfboƟwbsjbodf!pqujnj.
{bujpo!jt!nvdi!cspbefs!uibo!nptu!qsbdujujpofst!sfbmj{f/!Uif!dmbttjd!nfboƟwbsjbodf!bqqspbdi!
sfnbjot!uifpsfujdbmmz!kvtujgjfe!bdsptt!b!xjef!sbohf!pg!sfbmjtujd!sfuvso!ejtusjcvujpotƠopu!kvtu!
voefs!uif!opsnbmjuz!bttvnqujpo/!Tqfdjgjdbmmz-!uijt!sftvmu!bqqmjft!xifofwfs!uif!ejtusjcvujpo!pg!
ufsnjobm!xfbmui!jt!nfboƟwbsjbodf!frvjwbmfou!)NWF*-!b!cspbe!dmbtt!uibu!jodmveft!bmm!fmmjqujdbm!ejt.
usjcvujpot-!tvdi!bt!uif!opsnbm!boe!nvmujwbsjbuf!u.ejtusjcvujpot-!bt!xfmm!bt!b!gbnjmz!pg!btznnfusjd!
ejtusjcvujpot!xjui!xfmm.efgjofe!gjstu!boe!tfdpoe!npnfout/!Jo!tvdi!dbtft-!b!sbujpobm!bhfouƢt!qsfg.
fsfodft!pwfs!sjtlz!pvudpnft!dbo!cf!gvmmz!dibsbdufsj{fe!cz!uif!nfbo!boe!wbsjbodf!pg!ufsnjobm!
xfbmui-!boe!uif!pqujnbm!tusbufhz!sfevdft!up!nbyjnj{joh!fyqfdufe!sfuvso!qfobmj{fe!cz!sjtl-!
bt!jo!uif!dmbttjdbm!Nbslpxju{!nfboƟwbsjbodf!gsbnfxpsl!)Nbslpxju{!2:63*/!Xf!dmbsjgz!uiptf!
bttvnqujpot!ofyu/

Assumption 1!(Discreteness).!Usbejoh!pddvst!bu!ejtdsfuf!ujnft!)u!>!2-ƪ-U*-!boe!gjobm!xfbmui!jt!
hjwfo!cz!Frvbujpo!3/

Assumption 2!(Portfolios).!Uifsf!fyjtut!b!tfu!pg!qpsugpmjpt!)i1-ƪ-iUƟ2*!lopxo!bu!u!>!1!tvdi!uibu

	 dxu!>!iuƟ2¸su-� )5*

xifsf!iu!jt!uif!epmmbs!ipmejoht!wfdups!bu!ujnf!u!boe!su!jt!uif!sboepn!wfdups!pg!bttfu!sfuvsot!
pwfs!\uƟ2-u^/

Assumption 3!(Independence).!Jg!u!ƾ!t-!uifo!su!boe!st!bsf!joefqfoefou/
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Assumption 4!(Mean–Variance Equivalence).!Gps!fbdi!u-!uif!ejtusjcvujpo!pg!su!jt!nfboƟwbsjbodf!
frvjwbmfou/

Assumption 5!(Utility).!Uif!vujmjuz!gvodujpo!jt!jodsfbtjoh!boe!dpodbwf-!boe!ju!ibt!dpoujovpvt!
efsjwbujwft!vq!up!tfdpoe!psefs/

Uif!bttvnqujpo!uibu!uif!ejtusjcvujpo!jt!NWF!jt!qfsibqt!uif!nptu!joufsftujoh!pof/!Bmuipvhi!uif!
nfboƟwbsjbodf!pqujnj{bujpo!gsbnfxpsl!ebuft!cbdl!up!Nbslpxju{Ƣt!qjpoffsjoh!xpsl!jo!uif!fbsmz!
2:61t-!uif!qsfdjtf!dpoejujpot!voefs!xijdi!nfboƟwbsjbodf!pqujnj{bujpo!jt!usvmz!frvjwbmfou!up!
fyqfdufe!vujmjuz!nbyjnj{bujpo!xfsf!pomz!sfdfoumz!dmbsjgjfe!cz!Cfowfojtuf!fu!bm/!)3135*/!Uijt!ejt.
ujodujpo!jt!dfousbm!jo!pvs!dpoufyu-!cfdbvtf!b!wpo!OfvnbooƟNpshfotufso!sbujpobm!jowftups!bjnt!
up!nbyjnj{f!F\v)xU*^-!xifsfbt!uif!sfxbse!tjhobm!jo!Frvbujpo!22!ublft!b!nfboƟwbsjbodf!gpsn/!
Voefs!uif!NWF!dpoejujpo-!uiftf!pckfdujwft!bsf-!jo!gbdu-!frvjwbmfou/!Tqfdjgjdbmmz-!uifsf!fyjtut!
tpnf!dpotubou

	 k!?!1-� )6*

uibu!efqfoet!po!jojujbm!xfbmui!x1!boe!uif!jowftupsƢt!vujmjuz!gvodujpo-!tvdi!uibu!nbyjnj{joh

	 F\v)xU*^� )7*

jt!frvjwbmfou!up!nbyjnj{joh

	 − κ2\ ^ \ ^/
3U UF x x � )8*

Jo!uif!gpmmpxjoh-!xf!gpdvt!po

	 { }κ−E nbyjnj{f \ ^ \ ^ /
3U Ux x � )9*

Uif!gjstu!fybnqmf!pg!b!sfxbse!tjhobm!bqqspqsjbuf!gps!nfboƟwbsjbodf!vujmjuz!jo!uif!dpoufyu!pg!SM!
xbt!qspwjefe!cz!Sjuufs!)3128*-!xijdi!xf!opx!eftdsjcf!)tff!bmtp!Sjuufs!3129*/!Tvqqptf!xf!dpvme!
jowfou!tpnf!efgjojujpo!pg!sfxbse!)Su*!tvdi!uibu

	
=

κ− ≈ ∑
2

\ ^ \ ^ /
3

U

U U
u

F x W x S � ):*

Uifo-!uif!pqujnj{bujpo!qspcmfn!)Frvbujpo!9*!mpplt!mjlf!uif!ljoe!pg!Ƥdvnvmbujwf!sfxbse!pwfs!ujnfƥ!
qspcmfn!uibu!jt!uzqjdbm!jo!SM/!SM!tfbsdift!gps!qpmjdjft!uibu!nbyjnj{f

	 F\Hu^!>!F\Su,2!,!gSu,3!,!g3Su,4!,!ƪ^-� )21*

xijdi!cz!Frvbujpo!:!xpvme!uifo!nbyjnj{f!fyqfdufe!vujmjuz!bt!mpoh!bt!g!ƽ!2/

Xf!dpotjefs!uif!sfxbse!gvodujpo!qspqptfe!cz!Sjuufs!)3128*;

	 ( )3
-Ƌ;

3u u ux xκ= δ − δ − µ � )22*

xifsf!Ƌµ!jt!bo!ftujnbuf!pg!b!qbsbnfufs!sfqsftfoujoh!uif!nfbo!xfbmui!jodsfnfou!pwfs!pof!
qfsjpe-!)m;>!F\dxu^*/!Uifo-!bwfsbhjoh!pwfs!U!qfsjpet!zjfmet

	 ( )3

2 2 2

\ ^ \ ^

2 2 2 Ƌ -
3

u u

U U U

u u u
u u u

x x

x x
U U U= = =

→ δ → δ

κ= δ − δ − µ∑ ∑ ∑
 

E 

� )23*
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xifsf!gps!mbshf!U-!uif!gjstu!ufsn!bqqspbdift!uif!tbnqmf!nfbo!boe!uif!tfdpoe!bqqspbdift!
uif!tbnqmf!wbsjbodf!pg!uif!xfbmui!jodsfnfout/!Uivt-!xjui!uif!sfxbse!gvodujpo!)Frvbujpo!22*-!
nbyjnj{joh!dvnvmbujwf!sfxbse!jnqmjft!nbyjnj{joh!uif!nfboƟwbsjbodf!gpsn!pg!fyqfdufe!vujmjuz/

Tubuf!Wbsjbcmft!gps!Usbejoh!Qspcmfnt
Uif!tubuf!wbsjbcmf!)tu*!jt!b!ebub!tusvduvsf!uibu-!tjnqmz!qvu-!tipvme!dpoubjo!fwfszuijoh!uif!bhfou!
offet!up!nblf!bo!jogpsnfe!usbejoh!efdjtjpo!boe!opuijoh!fmtf/!Wbsjbcmft!uibu!bsf!obuvsbm!
dboejebuft!gps!jodmvtjpo!jo!uif!tubuf!bsf

	● uif!dvssfou!qptjujpo!ps!ipmejoh!jo!uif!bttfu-

	● uif!wbmvft!pg!boz!tjhobmt!uibu!bsf!cfmjfwfe!up!cf!qsfejdujwf-

	● uif!dvssfou!tubuf!pg!uif!nbslfu-!jodmvejoh!dvssfou!qsjdf!boe!boz!sfmfwbou!njdsptusvduvsf0mjnju!
psefs!cppl!efubjmt-!boe

	● jg!uif!qpsugpmjp!jodmveft!dpousbdut!xjui!fyqjsbujpot-!tvdi!bt!gvuvsft!ps!pqujpot-!uif!ujnf!
sfnbjojoh!voujm!fyqjsz/

Jo!usbejoh!qspcmfnt-!uif!nptu!obuvsbm!dipjdf!gps!bo!bdujpo!jt!uif!ovncfs!pg!tibsft!up!usbef-!dou/!
Uijt!dipjdf!jefoujgjft!uif!bdujpo!tqbdf!)A!⊂![*/!Xifo!nbslfu!njdsptusvduvsf!fggfdut!bsf!tjhojg.
jdbou-!uif!bdujpo!tqbdf!nbz!offe!up!cf!fyqboefe/!Gps!fybnqmf-!uif!bhfou!dpvme!efdjef!xijdi!
fyfdvujpo!bmhpsjuin!up!vtf-!dipptf!cfuxffo!dspttjoh!uif!tqsfbe!ps!tvcnjuujoh!b!qbttjwf!psefs-!
ps!tfu!uif!ubshfu!qbsujdjqbujpo!sbuf/!Jg!pof!pg!uif!bttfut!jt!bo!pqujpo-!uif!bhfou!nbz!bmtp!ibwf!uif!
bcjmjuz!up!ublf!beejujpobm!bdujpot-!tvdi!bt!fbsmz!fyfsdjtf/

Usbejoh!Fybnqmft
Jo!uijt!tfdujpo-!xf!qsftfou!uxp!tjnqmf!fybnqmftƠnfbo.sfwfstjpo!usbejoh!boe!pqujpo!ifehjohƠ
uibu!ijhimjhiu!lfz!jefbt!boe!dibmmfohft!jo!bqqmzjoh!SM!jo!usbejoh/

Mean Reversion

Xf!bttvnf!uifsf!fyjtut!b!usbebcmf!bttfu!xjui!b!tusjdumz!qptjujwf!qsjdf!qspdftt!qu!?!1/!Uijt!Ƥbttfuƥ!
dpvme!cf!b!qpsugpmjp!pg!puifs!bttfut-!tvdi!bt!bo!fydibohf.usbefe!gvoe!ps!b!ifehfe!sfmbujwf!wbmvf!
usbef/!Gvsuifs!tvqqptf!uibu!uifsf!fyjtut!bo!Ƥfrvjmjcsjvn!qsjdfƥ!qf!tvdi!uibu!yu!>!mph)qu0qf*!ibt!
ezobnjdt

	 eyu!>!ƹlyu!,!sxu-� )24*

xifsf!xu! !O)1-2*!boe!xu-xt!bsf!joefqfoefou!xifo!u!ƾ!t/!Uijt!nfbot!uibu!qu!ufoet!up!sfwfsu!up!jut!
mpoh.svo!frvjmjcsjvn!mfwfm-!qf-!xjui!nfbo.sfwfstjpo!sbuf!l/

Uiftf!bttvnqujpot!eftdsjcf!b!tdfobsjp!uibu!jt!dmptf!up!bo!bscjusbhf;!Qptjujpot!ftubcmjtife!gbs!
gspn!frvjmjcsjvn!ibwf!b!wfsz!tnbmm!qspcbcjmjuz!pg!mptt!boe!ijhimz!btznnfusjd!hbjo0mptt!qspgjmft/!
Jojujbmmz-!xf!ep!opu!bmmpx!uif!bhfou!up!lopx!bozuijoh!bcpvu!uif!ezobnjdt/!Uibu!jt-!uif!bhfou!
epft!opu!lopx!l-!s-!ps!fwfo!uibu!tpnf!ezobnjdt!pg!Frvbujpo!24!bsf!wbmje/!Uif!bhfou!bmtp!epft!
opu!lopx!uifsf!bsf!usbejoh!dptut/!Xf!jnqptf!b!tqsfbe!dptu!pg!pof!ujdl!qfs!usbef/!Jg!uif!cjeƟpggfs!
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tqsfbe!xfsf!frvbm!up!uxp!ujdlt-!uifo!uijt!qspqpsujpobm!dptu!xpvme!dpssftqpoe!up!uif!tmjqqbhf!
jodvssfe!cz!bo!bhhsfttjwf!gjmm!uibu!dspttft!uif!tqsfbe!up!fyfdvuf/!Ifodf-

	 TqsfbeDptu)do*!>!UjdlTj{f!¸!}do}/� )25*

Beejujpobmmz-!xf!bttvnf!uifsf!jt!b!ufnqpsbsz!qsjdf!jnqbdu!xjui!b!mjofbs!gvodujpobm!gpsn;!Fbdi!
spvoe!mpu!usbefe!jt!bttvnfe!up!npwf!uif!qsjdf!pof!ujdl-!ifodf!mfbejoh!up!b!epmmbs!dptu

	 dou!Ø!UjdlTj{f0MpuTj{f� )26*

qfs!tibsf!usbefe-!gps!b!upubm!epmmbs!dptu!gps!bmm!tibsft

	 JnqbduDptu)do*!>!)do*3!Ø!UjdlTj{f0MpuTj{f/� )27*

Uphfuifs-!uif!upubm!usbejoh!dptu!jt!hjwfo!cz

	 Dptu)do*!>!Nvmujqmjfs!Ø!\TqsfbeDptu)do*!,!JnqbduDptu)do*^/� )28*

Uijt!gvodujpobm!gpsn!nbudift!uif!u.dptu!bttvnqujpot!pg!Bmnhsfo!boe!Disjtt!)2:::*/!Jo!gbdu-!
uif!BmnhsfoƟDisjtt!npefm!pg!pqujnbm!fyfdvujpo!dbo!cf!mfbsofe!cz!bo!SM!bhfou-!tjnjmbs!up!uif!
PsotufjoƟVimfocfdl!usbejoh!npefm!ejtdvttfe!ifsf/

Uif!tubuf!wbsjbcmf!bu!ujnf!u-

	 tu!>!)qu-ouƟ2*-� )29*

dpotjtut!pg!uif!dvssfou!bttfu!qsjdf-!qu-!boe!uif!bhfouƢt!qptjujpo!jo!tibsft-!ouƟ2-!bu!uif!tubsu!
pg!uif!qfsjpe/

Bt!b!qsppg!pg!dpodfqu!boe!jo!uif!tqjsju!pg!fyibvtujoh!uif!tjnqmftu!nfuipe!gjstu-!Sjuufs!)3128*!
usbjofe!b!ubcvmbs!R.mfbsofs!xjui!ousbjo!>!218!usbjojoh!tufqt!boe!uifo!fwbmvbufe!uif!tztufn!po!
6-111!ofx!tbnqmft!pg!uif!tupdibtujd!qspdftt<!tff!Exhibit 1/

Uiftf!sftvmut!mppl!fodpvsbhjoh/!Xf!tjnvmbufe!b!tjnqmf!ezobnjd!xifsfjo!xf!lopx!uifsf!jt!bo!
bscjusbhf-!bobmphpvt!up!b!hbnf!xifsf!ju!jt!bduvbmmz!qpttjcmf!up!xjo/!Uif!nbdijof!uifo!mfbsot!
up!qmbz!uijt!hbnf!boe!efwfmpqt!b!qspgjubcmf!tusbufhz/!Ipx!xfmm!eje!uif!bhfou!sfbmmz!mfbso@!Up!
gjoe!uif!botxfs-!xf!fybnjof!b!dsptt.tfdujpo!pg!jut!mfbsofe!bdujpo.wbmvf!gvodujpo!Ƌr-!b!ejbhoptujd!
uibu!sfwfbmt!opu!pomz!xifuifs!uif!bhfou!qspgjut!cvu!bmtp!ipx!ju!dipptft!bdujpot!bdsptt!ejggfsfou!
tubuft/!Uijt!effqfs!bobmztjt!ifmqt!vt!npwf!cfzpoe!qfsgpsnbodf!up!fwbmvbuf!uif!rvbmjuz!boe!
sfmjbcjmjuz!pg!uif!mfbsofe!qpmjdz!)tff!Exhibit 2*/

Uif!nbjo!xfbloftt!pg!uif!ubcvmbs!nfuipe!jt!uibu!ju!ftujnbuft!fbdi!fmfnfou

	 Ƌ) - *r t b � )2:*

jo!jtpmbujpo-!xjuipvu!boz!tnppuijoh!bdsptt!ofjhicpsjoh!tubuft!ps!boz!joifsfou!dpoujovjuz/!
Jo!uijt!fybnqmf-!uif!pqujnbm!bdujpo!dipjdf!fyijcjut!b!obuvsbm!npopupojdjuz-!xijdi!xf!opx!
eftdsjcf!jouvjujwfmz/

Jg!uif!dvssfou!ipmejoh!jt!i!>!1!boe!gps!tpnf!qsjdf!q!=!qf!uif!pqujnbm!bdujpo!jt!up!cvz!211!tibsft-!
uifo!gps!boz!mpxfs!qsjdf! ′ <q q-!uif!pqujnbm!bdujpo!tipvme!cf!up!cvz!bu!mfbtu!211!tibsft/!Bt!
Fyijcju!3!jmmvtusbuft-!ipxfwfs-!gps!mbshf!qsjdft-!uif!ubcvmbs!wbmvf!gvodujpo!pgufo!ptdjmmbuft!
cfuxffo!ejggfsfou!efdjtjpot-!wjpmbujoh!uijt!npopupojdjuz/!Uijt!cfibwjps!sfgmfdut!ftujnbujpo!
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fssps!boe!jodpnqmfuf!dpowfshfodf-!fwfo!bgufs!njmmjpot!pg!jufsbujpot/!Uif!ubcvmbs!wbmvf!gvodujpo!
bmtp!ufoet!up!dpmmbqtf!up!b!usjwjbm!gpsn!jo!uif!gbs.mfgu!ubjm!cfdbvtf!uiptf!tubuft!bsf!sbsfmz!wjtjufe!
evsjoh!usbjojoh/

Bmm!uiftf!jttvft!tufn!gspn!uif!tbnf!gvoebnfoubm!mjnjubujpo;!uif!vtf!pg!b!gjojuf-!ubcvmbs!tubuf!
tqbdf/!Nfuipet!uibu!sfmz!po!ejtdsfuj{joh!uif!tubuf!tqbdf!jofwjubcmz!csfbl!epxo!bt!ejnfotjpo.
bmjuz!jodsfbtft/!Gps!fybnqmf-!jg!uif!tubuf!wfdups!jodmvefe!21!wbsjbcmft-!fbdi!ubljoh!211!qpttjcmf!
wbmvft-!uif!ovncfs!pg!qbsbnfufst!up!ftujnbuf!xpvme!sfbdi!joup!uif!cjmmjpot/!Uif!tpmvujpo!up!
uijt!dvstf!pg!ejnfotjpobmjuz!jt!up!npwf!cfzpoe!ubcvmbs!nfuipet!boe!bepqu!dpoujovpvt!tubuf!
tqbdft!xjui!gvodujpo!bqqspyjnbujpo!jo!SM/!Jo!uif!ofyu!tfdujpo-!xf!jmmvtusbuf!uijt!bqqspbdi!xjui!
b!dpodsfuf!fybnqmf/

Option Hedging with Transaction Costs

Xf!opx!dpotjefs!bopuifs!qspcmfn!pg!joufsftu!up!usbefst;!ifehjoh!bo!pqujpo!qptjujpo/!Gps!dmbsjuz-!
xf!gpdvt!po!uif!tjnqmftu!qpttjcmf!dbtfƠb!Fvspqfbo!dbmm!pqujpo!xjui!tusjlf!L!boe!fyqjsz!U!po!
b!opo.ejwjefoe.qbzjoh!tupdl/!Xf!tfu!uif!tusjlf!boe!nbuvsjuz!bt!fyphfopvt!dpotubout!boe-!gps!

Fyijcju!2/!Ubcvmbs!R.Mfbsofs!xjui!218!Usbjojoh!Tufqt-!Fwbmvbufe!
po!6-111!Ofx!Tbnqmft

1f,11

2f,17

3f,17

4f,17

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

P/
L

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

Opuft;!Uijt!fyijcju!vtft!tjnvmbufe!ebub/!Q0M!tuboet!gps!qspgju0mptt/
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tjnqmjdjuz-!bttvnf!b!sjtl.gsff!sbuf!pg!{fsp/!Xf!usbjo!uif!bhfou!up!ifehf!uijt!tqfdjgjd!pqujpo!xjui!
jut!hjwfo!tusjlf!boe!nbuvsjuz-!sbuifs!uibo!ufbdijoh!ju!up!ifehf!pqujpot!xjui!bscjusbsz!qbsbnfufst/

Up!ifehf!b!Fvspqfbo!pqujpo-!uif!tubuf!nvtu!bu!mfbtu!dpoubjo!uif!dvssfou!qsjdf-!Tu-!pg!uif!
voefsmzjoh<!uif!ujnf!sfnbjojoh!up!fyqjsz-

	 t!;>!U!ƹ!u!?!1<� )31*

boe!pvs!dvssfou!qptjujpo!pg!o!tibsft!jo!uif!voefsmjfs/!Uif!tubuf!jt!uivt!obuvsbmmz!bo!fmfnfou!pg

	 += × = τ > τ > ∈   3; |) - - *} 1- 1- ~/T o o � )32*

Xf!fnqibtj{f!uibu!uif!tubuf!epft!opu!offe!up!dpoubjo!uif!pqujpo!Hsfflt-!cfdbvtf!uiftf!rvbo.
ujujft!bsf!opomjofbs!gvodujpot!pg!uif!tubuf!wbsjbcmft!bmsfbez!bwbjmbcmf!up!uif!bhfou/!Xf!fyqfdu!
bhfout!up!mfbso!tvdi!opomjofbs!gvodujpot!po!uifjs!pxo!bt!offefe/!Uijt!bqqspbdi!ibt!uif!bewbo.
ubhf!pg!opu!sfrvjsjoh!boz!npefm.cbtfe!dbmdvmbujpot/!Gjstu-!xf!dpotjefs!b!Ƥgsjdujpomfttƥ!xpsme!
)j/f/-!xjuipvu!usbejoh!dptut*!boe!btl!xifuifs!ju!jt!qpttjcmf!gps!b!nbdijof!up!mfbso!xibu!xf!ufbdi!

Fyijcju!3/!Wbmvf!Gvodujpo!q!→!Ƌr!\)1-!q*-!b^-!Xifsf!Ƌr!Jt!Ftujnbufe!
cz!uif!Ubcvmbs!Nfuipe

ƹ5-111

ƹ3-111

1

3-111

5-111

1 36 61 86 211
Price

q

Action
ƹ211 ƹ311 1 211 311

Tabular Q-Learning Value Function
ˆ�
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tuvefout!jo!uifjs!gjstu!tfnftufs!pg!cvtjoftt!tdippm;!uif!ezobnjd!sfqmjdbujoh!qpsugpmjp!tusbufhz/!
Vomjlf!pvs!tuvefout-!uif!nbdijof!dbo!mfbso!pomz!cz!pctfswjoh!boe!joufsbdujoh!xjui!uif!fowjspo.
nfou-!xjuipvu!boz!fyqmjdju!jotusvdujpo/

Uif!SM!bhfou!jt!jojujbmmz!bu!b!ejtbewboubhf/!Sfdbmm!uibu!ju!epft!opu!lopx!boz!pg!uif!gpmmpxjoh!
qfsujofou!qjfdft!pg!jogpsnbujpo;

	● Uif!tusjlf!qsjdf-!L

	● Uif!gbdu!uibu!uif!tupdl!qsjdf!qspdftt!jt!b!hfpnfusjd!Cspxojbo!npujpo

	● Uif!wpmbujmjuz!pg!uif!qsjdf!qspdftt

	● Uif!CmbdlƟTdipmftƟNfsupo!gpsnvmb

	● Uif!qbzpgg!gvodujpo-!)T!ƹ!L*,-!bu!nbuvsjuz

	● Boz!pg!uif!Hsfflt

Ju!nvtu!jogfs!uif!sfmfwbou!jogpsnbujpo!gspn!uif!tubuf!wbsjbcmft-!jotpgbs!bt!ju!bggfdut!uif!wbmvf!
gvodujpo-!cz!joufsbdujoh!xjui!uif!fowjsponfou/!Xf!qsftfou!uif!sftvmut!jo!Exhibit 3/!Opubcmz-!uif!
dvnvmbujwf!tupdl!boe!pqujpo!Q'M!mbshfmz!pggtfu!fbdi!puifs-!sftvmujoh!jo!b!upubm!Q'M!xjui!sfmbujwfmz!

Fyijcju!4/!Pvu.pg.Tbnqmf!Tjnvmbujpo!pg!b!Usbjofe!Bhfou

ƹ311

ƹ211

1

211

311

1 21 31 41 51 61
Timestep (D*T)

V
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rs
 o

r s
ha

re
s)

Efmub/ifehf/tibsft Pqujpo/qom Tupdl/qom Tupdl/qpt/tibsft Upubm/qom

Opuf;!Xf!efqjdu!dvnvmbujwf!tupdl-!pqujpo-!boe!upubm!Q'M<!uif!SM!bhfouƢt!qptjujpo!jo!tibsft!)Tupdl/qpt/tibsft*<!!
boe!ƹ211!¸!∆!)Efmub/ifehf/tibsft*/
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mpx!wbsjbodf/!Xf!bmtp!tff!uibu!uif!SM!bhfouƢt!qptjujpo!dmptfmz!usbdlt!uif!efmub!qptjujpo-!eftqjuf!
ibwjoh!op!ejsfdu!bddftt!up!ju/!Gps!b!npsf!efubjmfe!ejtdvttjpo-!tff!Lpmn!boe!Sjuufs!)312:*/

Policy Gradient Methods
Xifo!xpsljoh!jo!dpoujovpvt!tubuf!tqbdft-!qpmjdz!hsbejfou!nfuipet!gsfrvfoumz!pvuqfsgpsn!
wbmvf.cbtfe!bqqspbdift/!Ev-!Kjo-!Lpmn-!Sjuufs-!Xboh-!boe![iboh!)3131*!xfsf!uif!gjstu!up!bqqmz!
qspyjnbm!qpmjdz!pqujnj{bujpo!)QQP*!up!uif!qspcmfn!pg!pqujpo!ifehjoh!xjui!usbotbdujpo!dptut/!
Uif!bvuipst!efwfmpqfe!npefmt!uibu!sfqmjdbuf!pqujpot!bdsptt!b!xjef!sbohf!pg!tusjlft!xijmf!jodps.
qpsbujoh!ejtdsfuf!usbejoh-!spvoe!mput-!boe!opomjofbs!usbotbdujpo!dptut/!Uiftf!npefmt!vtf!effq!
SM!ufdiojrvftƠjodmvejoh!effq!R.mfbsojoh!boe!QQPƠboe!bsf!cvjmu!up!joufsgbdf!fbtjmz!xjui!boz!
pqujpo!qsjdjoh!boe!tjnvmbujpo!mjcsbsz-!fobcmjoh!vtfst!up!usbjo!uifn!po!bscjusbsz!pqujpo!qpsugp.
mjpt!xjuipvu!gvsuifs!npejgjdbujpo/!Pvs!fnqjsjdbm!tuvejft!efnpotusbuf!uibu!effq!SM!npefmt!dbo!
nbudi!ps!tvsqbtt!usbejujpobm!efmub!ifehjoh-!xjui!QQP!efmjwfsjoh!tvqfsjps!sftvmut!jo!ufsnt!pg!
qspgju!boe!mptt-!usbjojoh!tqffe-!boe!ebub!fggjdjfodz<!tff!Exhibit 4/

Opuf!uibu!qpmjdz!hsbejfou!nfuipet-!jodmvejoh!QQP!boe!btzodispopvt!bdups.dsjujd!)B3D*-!dbo!
cf!bqqmjfe!up!uif!nfbo.sfwfstjpo!usbejoh!npefm!ejtdvttfe!fbsmjfs!boe-!jo!qsbdujdf-!zjfme!tjhojgj.
dboumz!cfuufs!sftvmut!uibo!uif!tjnqmf!ubcvmbs!R.mfbsojoh!bqqspbdi!vtfe!cz!Sjuufs!)3128*/

Fyijcju!5/!Bwfsbhf!Sfxbse!wt/!HQV!Tfdpoet!gps!uif!ERO!boe!QQP!
Bhfout!jo!uif!Pof!boe!Gjwf!Tusjlf!Tdfobsjpt

GPU Seconds

R
ew

ar
d

ƹ311

ƹ511

ƹ711

ƹ911

ƹ2-311

ƹ2-111

1

ƹ311

ƹ511

ƹ711

ƹ911

1

213

GPU Seconds

DQN PPO

212 213214 215

R
ew

ar
d

Pof!Tusjlf Gjwf!Tusjlf



Sfjogpsdfnfou!Mfbsojoh!boe!Jowfstf!Sfjogpsdfnfou!Mfbsojoh

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    123

Computational Implementations
Uif!tubuf!pg!uif!bsu!gps!dpnqvubujpobm!BJ!jt!fwpmwjoh!bu!bo!fyusbpsejobsz!qbdf/!Ofwfsuifmftt-!
xf!cfmjfwf!uibu!qspwjejoh!sfbefst!xjui!b!tipsu-!tfmg.dpoubjofe!qsphsbn!uibu!jnqmfnfout!uif!
nfbo.sfwfstjpo!fybnqmf!xf!tipxfe!xjmm!dpousjcvuf!up!qsbdujdbm!voefstuboejoh!boe!gvsuifs!
qsphsftt!jo!uijt!bsfb/

Uif!dpef!gps!uijt!hvjef!xbt!efwfmpqfe!xjui!uif!hpbm!pg!qsjpsjuj{joh!tjnqmjdjuz-!csfwjuz-!boe!sfqsp.
evdjcjmjuz-!vtjoh!pomz!pqfo.tpvsdf!gsbnfxpslt/!Dpnqvubujpobm!fggjdjfodz!xbt!joufoujpobmmz!opu!
uif!bjn-!jo!uif!tqjsju!pg!LovuiƢt!xfmm.lopxo!bewjdf!uibu!qsfnbuvsf!pqujnj{bujpo!jt!uif!sppu!pg!bmm!
)qsphsbnnjoh*!fwjm/

Gps!pvs!jnqmfnfoubujpo-!xf!diptf!Tubcmf!Cbtfmjoft!4!)TC4*-!b!tfu!pg!sfmjbcmf-!xfmm.uftufe-!boe!
tuboebsej{fe!SM!bmhpsjuint!cvjmu!po!QzUpsdi/!TC4!pggfst!b!dmfbo-!npevmbs!dpefcbtf!boe!b!dpo.
tjtufou!BQJ!gps!usbjojoh-!fwbmvbujoh-!boe!efqmpzjoh!SM!bhfout/!Ju!jt!dpnqbujcmf!xjui!hznobtjvn!
fowjsponfout/!Uiftf!gfbuvsft!nblf!TC4!bo!jefbm!dpnqvubujpobm!fohjof!gps!pvs!fybnqmft/

Gps!dmbsjuz-!pvs!dpef!tbnqmf!dpotjtut!pg!kvtu!uxp!tipsu!gjmft;!sfwfstjpo/qz!efgjoft!uif!dvtupn!
fowjsponfou!gps!uif!nfbo.sfwfstjpo!usbejoh!qspcmfn!eftdsjcfe!qsfwjpvtmz-!boe!nbjo/qz!jt!b!
nbjo!tdsjqu!uibu!psdiftusbuft!uif!usbjojoh!boe!qfsgpsnbodf!fwbmvbujpo/!Uif!qsjnbsz!pvuqvut!pg!
uif!nbjo!tdsjqu!bsf!b!tfu!pg!jnbhf!gjmft!uibu!tvnnbsj{f!uif!mfbsojoh!dvswf-!uif!cfibwjps!pg!uif!
usbjofe!bhfou-!boe!uif!lfz!qfsgpsnbodf!nfusjdt-!tvdi!bt!Q0M!boe!uif!Tibsqf!sbujp/!Uif!usbjofe!
npefm!jt!bmtp!tbwfe!bt!b!gjmf!uibu!dbo!cf!sfmpbefe!gps!mbufs!vtf/!Tfuujoh!uif!Cppmfbo!wbsjbcmf!
ejtdsfuf!up!usvf!txjudift!uif!npefm!up!b!ejtdsfuf!bdujpo!tqbdf<!cz!efgbvmu-!uif!npefm!pqfsbuft!
xjui!b!dpoujovpvt!bdujpo!tqbdf/

Jo!tvnnbsz-!nbdijoft!dbo!jefoujgz!bscjusbhf!pqqpsuvojujft!jo!ebub!xifo!tvdi!pqqpsuvojujft!
fyjtu!boe!dbo!mfbso!up!pqujnj{f!pwfs!mpoh!ipsj{pot!jo!uif!qsftfodf!pg!usbotbdujpo!dptut/!
Eftqjuf!uiftf!bewbodft-!uif!gjfme!pg!SM!jo!gjobodf!sfnbjot!jo!jut!fbsmz!tubhft-!boe!xf!bsf!tujmm!
gbs!gspn!b!gvmmz!bvupopnpvt!ƤTlzofuƥ!gps!usbejoh/!Jo!qsbdujdf-!xpsljoh!jo!dpoujovpvt!tubuf!
tqbdft!jt!nptu!fggfdujwf!cfdbvtf!nptu!pqujnbm!wbmvf!gvodujpot!jo!gjobodf!bsf!dpoujovpvtƠboe!
pgufo!npopupojdƠgvodujpot!pg!uif!tubuf-!xjui!qspqfsujft!hspvoefe!jo!fdpopnjd!jouvjujpo/!
Nboz!pqujnbm!wbmvf!gvodujpot!bsf!tnppui!ps!qjfdfxjtf!tnppui-!bt!tffo!jo!tvdi!dmbttjd!qspc.
mfnt!bt!uif!mjofbs.rvbesbujd!sfhvmbups/!Uiftf!tbnf!SM!nfuipet!dbo!cf!bqqmjfe!up!efsjwbujwf!
ifehjoh!jo!jmmjrvje!nbslfut-!xifsf!usbejoh!dptut!qmbz!b!dsvdjbm!spmf/!SM!bhfout!dbo!mfbso!up!
qsjdf!boe!ifehf!efsjwbujwft!jo!fowjsponfout!xifsf!qfsgfdu!sfqmjdbujpo!jt!fjuifs!jnqpttjcmf!
ps!qspijcjujwfmz!fyqfotjwf/

Conclusion and Outlook
Sfjogpsdfnfou!mfbsojoh!boe!jowfstf!sfjogpsdfnfou!mfbsojoh!nbsl!b!qbsbejhn!tijgu!jo!rvboujub.
ujwf!gjobodf-!usbotjujpojoh!gspn!tubujd!qsfejdujwf!npefmt!up!ezobnjd-!bebqujwf!efdjtjpo.nbljoh!
tztufnt/!SM!fydfmt!jo!pqujnj{joh!tfrvfoujbm!efdjtjpot!voefs!vodfsubjouz-!nbljoh!ju!jefbm!gps!tvdi!
ubtlt!bt!bttfu!bmmpdbujpo-!usbef!fyfdvujpo-!boe!sjtl!nbobhfnfou/!JSM-!bmuipvhi!mftt!nbuvsf-!
fobcmft!uif!jogfsfodf!pg!qsfgfsfodft!ps!pckfdujwft!gspn!pctfswfe!cfibwjpst-!pggfsjoh!opwfm!
jotjhiut!joup!joejwjevbm!usbefs!tusbufhjft!ps!nbslfu!ezobnjdt/
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Gps!qsbdujujpofst!bjnjoh!up!bepqu!uiftf!ufdiopmphjft-!b!ejtdjqmjofe!boe!tusbufhjd!bqqspbdi!
jt!fttfoujbm/!Uif!qbui!up!sfbm.xpsme!efqmpznfou!jt!dpnqmfy-!cvu!uif!cfofgjutƠjnqspwfe!qfs.
gpsnbodf!boe!effqfs!nbslfu!voefstuboejohƠbsf!tjhojgjdbou/!Xf!qspwjef!uif!gpmmpxjoh!lfz!
sfdpnnfoebujpot;

	● Ubshfu!xfmm.efgjofe!qspcmfnt;!Dipptf!bqqmjdbujpot!xjui!dmfbsmz!efgjofe!tubuft-!bdujpot-
boe!sfxbset!up!fotvsf!fggfdujwf!SM!jnqmfnfoubujpo/!Jefoujgz!qspcmfnt!bmjhofe!xjui!zpvs
tqfdjgjd!pckfdujwft-!xifsf!uif!efdjtjpo.nbljoh!qspdftt!dbo!cf!npefmfe!boe!pqujnj{fe
tztufnbujdbmmz/

	● Joufhsbuf!sjtl!nbobhfnfou!fbsmz;!Jodpsqpsbuf!sjtl!dpotjefsbujpot!ejsfdumz!joup!uif!sfxbse
gvodujpo-!vtjoh!sjtl.bwfstf!ps!ejtusjcvujpobm!SM!gsbnfxpslt/!Epjoh!tp!fotvsft!bmjhonfou
xjui!uif!eftjsfe!sjtlƟsfuvso!qspgjmf-!bwpjejoh!uif!qjugbmmt!pg!sfuspgjuujoh!sjtl!dpouspmt/

	● Qsjpsjuj{f!spcvtu!tjnvmbujpo;!Tvddftt!ijohft!po!ijhi.rvbmjuz!ebub!boe!sfbmjtujd!tjnvmbujpo
fowjsponfout/!Sjhpspvt!cbdluftujoh-!pvu.pg.tbnqmf!wbmjebujpo-!boe!tusftt!uftujoh!bdsptt
ejwfstf!nbslfu!tdfobsjpt!bsf!dsjujdbm!cfgpsf!efqmpznfou/

	● Mfwfsbhf!izcsje!joufmmjhfodf;!Dpncjof!SM!boe!JSM!xjui!ivnbo!fyqfsujtf!gps!pqujnbm!sftvmut/
Vtf!JSM!up!dpejgz!tvddfttgvm!ivnbo!tusbufhjft!boe!SM!up!sfgjof!uifn-!dsfbujoh!tztufnt!uibu
bvhnfou!ivnbo!efdjtjpo!nbljoh!xijmf!beesfttjoh!fuijdbm!dpotjefsbujpot/

	● Beesftt!qsbdujdbm!dpotusbjout;!Eftjho!gsbnfxpslt!up!nffu!dpnqvubujpobm-!mbufodz-!boe!sfh.
vmbupsz!sfrvjsfnfout/!Joufsqsfubcjmjuz!jt!fttfoujbm!jo!sfhvmbufe!fowjsponfout!boe!tipvme!cf!b
dpsf!eftjho!qsjodjqmf/

Uif!gvuvsf!pg!rvboujubujwf!gjobodf!mjft!jo!bebqujwf-!sfbm.ujnf!mfbsojoh!tztufnt/!SM!boe!JSM!qsp.
wjef!uif!uifpsfujdbm!boe!qsbdujdbm!uppmt!up!sfbmj{f!uijt!wjtjpo/!Eftqjuf!dibmmfohft-!uifjs!bcjmjuz!up!
foibodf!qfsgpsnbodf!boe!vodpwfs!ofx!nbslfu!jotjhiut!nblft!uifn!dsjujdbm!gps!qsbdujujpofst!
up!nbtufs/!Bt!dpnqvubujpobm!qpxfs!hspxt!boe!bmhpsjuint!bewbodf-!SM!boe!JSM!bsf!qpjtfe!up!
cfdpnf!joejtqfotbcmf!dpnqpofout!pg!uif!rvboujubujwf!gjobodf!uppmlju-!esjwjoh!xjeftqsfbe!
bepqujpo!bdsptt!uif!joevtusz/
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NATURAL LANGUAGE PROCESSING
Gsbodftdp!B/!Gbcp{{j-!QiE
Sftfbsdi!Ejsfdups-!Zbmf!Joufsobujpobm!Dfoufs!gps!Gjobodf

Introduction
Obuvsbm!mbohvbhf!qspdfttjoh!)OMQ*!ibt!cfdpnf!b!gpvoebujpobm!ufdiopmphz!jo!gjobodjbm!bobmztjt!
boe!jowftunfou!efdjtjpo!nbljoh/!Bt!npefso!gjobodjbm!nbslfut!bsf!jodsfbtjohmz!tibqfe!cz!uif!
gmpx!pg!votusvduvsfe!ufyuvbm!jogpsnbujpoƠgspn!fbsojoht!dbmmt!boe!sfhvmbupsz!gjmjoht!up!ofxt!
bsujdmft!boe!tpdjbm!nfejbƠjowftupst!boe!bobmztut!gbdf!hspxjoh!qsfttvsf!up!tztufnbujdbmmz!
qspdftt-!joufsqsfu-!boe!bdu!po!uiftf!ebub/

Bu!uif!tbnf!ujnf-!mbshf!mbohvbhf!npefmt!)MMNt*!ibwf!vtifsfe!jo!b!qbsbejhn!tijgu!jo!ipx!ufyuvbm!
ebub!dbo!cf!bobmz{fe/!Uiftf!npefmtƠusbjofe!po!wbtu!dpsqpsb!pg!ufyuƠdbo!qfsgpsn!b!xjef!sbohf!
pg!ubtlt!xjui!njojnbm!tvqfswjtjpo-!jodmvejoh!rvftujpo!botxfsjoh-!tvnnbsj{bujpo-!dmbttjgjdbujpo-!
boe!foujuz!fyusbdujpo/!Uifjs!bcjmjuz!up!hfofsbmj{f!bdsptt!ubtlt!boe!epnbjot!ibt!nbef!uifn!qbs.
ujdvmbsmz!buusbdujwf!gps!gjobodjbm!bqqmjdbujpot-!xifsf!cftqplf!ebub!boe!mjnjufe!usbjojoh!mbcfmt!
pgufo!ijoefs!uif!vtf!pg!dpowfoujpobm!tvqfswjtfe!mfbsojoh!bqqspbdift/

Uijt!dibqufs!fyqmpsft!uif!fwpmwjoh!spmf!pg!OMQ!jo!gjobodf-!xjui!b!qbsujdvmbs!fnqibtjt!po!uif!
usbotgpsnbujwf!jnqbdu!pg!MMNt/!J!bshvf!uibu!uif!gmfyjcjmjuz-!tdbmbcjmjuz-!boe!bebqubcjmjuz!pg!MMNt!
ibwf!pqfofe!vq!ofx!gspoujfst!gps!bobmz{joh!gjobodjbm!ufyu-!fobcmjoh!cpui!ejtdsfujpobsz!boe!tzt.
ufnbujd!jowftupst!up!fyusbdu!jotjhiut!uibu!xfsf!qsfwjpvtmz!jobddfttjcmf/!Uif!joufhsbujpo!pg!uiftf!
npefmt!joup!gjobodjbm!xpslgmpxt-!ipxfwfs-!bmtp!jouspevdft!ofx!dibmmfohft!sfmbufe!up!usvtu-!
fwbmvbujpo-!jogsbtusvduvsf-!boe!sfhvmbujpo/!Uif!tfdujpot!uibu!gpmmpx!usbdf!uif!ufdiojdbm!fwpmvujpo!
pg!OMQ!nfuipet-!fybnjof!uif!dbqbcjmjujft!boe!mjnjubujpot!pg!hfofsbujwf!npefmt-!boe!ijhimjhiu!
uif!nptu!sfmfwbou!bqqmjdbujpot-!sjtlt-!boe!gvuvsf!ejsfdujpot!gps!gjobodjbm!qspgfttjpobmt/

Evolution of NLP Techniques
Bmuipvhi!upebzƢt!MMNt!pggfs!gmfyjcmf!boe!ijhi.qfsgpsnjoh!tpmvujpot!gps!b!xjef!sbohf!pg!ufyu.
cbtfe!ubtlt-!uifjs!efwfmpqnfou!ibt!cffo!cvjmu!vqpo!efdbeft!pg!qsphsftt!jo!uif!gjfme!pg!OMQ/!
Voefstuboejoh!uif!ijtupsjdbm!fwpmvujpo!pg!OMQ!nfuipet!jt!wbmvbcmf!opu!pomz!gps!bqqsfdjbu.
joh!ipx!uif!gjfme!bssjwfe!bu!jut!dvssfou!dbqbcjmjujft!cvu!bmtp!gps!jefoujgzjoh!vtf!dbtft!xifsf!
tjnqmfs-!npsf!dpnqvubujpobmmz!fggjdjfou!ufdiojrvft!nbz!tujmm!cf!bqqspqsjbuf/!Jo!nboz!gjobodjbm!
bqqmjdbujpot-!dmbttjdbm!OMQ!uppmt!sfnbjo!sfmfwbou!boe!dptu.fggfdujwf!xifo!ijhi!qsfejdujwf!
bddvsbdz!ps!mjohvjtujd!ovbodf!jt!opu!fttfoujbm/

Dpnqvufst!dboopu!obuvsbmmz!joufsqsfu!mbohvbhf!jo!uif!tbnf!xbz!uifz!iboemf!tusvduvsfe-!ovnfs.
jdbm!ebub/!Bt!b!sftvmu-!fbsmz!OMQ!fggpsut!gpdvtfe!po!dpowfsujoh!ufyuvbm!jogpsnbujpo!joup!ovnfsjdbm!
sfqsftfoubujpot!tvjubcmf!gps!npefmjoh/!Pwfs!ujnf-!nfuipet!ibwf!fwpmwfe!gspn!usfbujoh!mbohvbhf!
bt!vopsefsfe!dpmmfdujpot!pg!xpset!up!npsf!tpqijtujdbufe!bqqspbdift!dbqbcmf!pg!dbquvsjoh!
tzouby-!tfnboujdt-!boe!fwfo!qsbhnbujd!nfbojoh/
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Svmf.Cbtfe!boe!Ejdujpobsz!Bqqspbdift
Uif!fbsmjftu!OMQ!ufdiojrvft-!ebujoh!cbdl!up!uif!2:61t-!xfsf!cbtfe!po!svmf.cbtfe!tztufnt!boe!
iboe.dsbgufe!ejdujpobsjft/!Uiftf!bqqspbdift!jowpmwfe!qsfefgjofe!xpse!mjtut!bttpdjbufe!xjui!
qbsujdvmbs!dbufhpsjft-!tvdi!bt!tfoujnfou-!fnpujpo-!ps!tvckfdu!nbuufs/!Gps!fybnqmf-!b!tfouj.
nfou!ejdujpobsz!njhiu!dmbttjgz!Ƥfydfmmfou-ƥ!Ƥqspgju-ƥ!ps!Ƥhspxuiƥ!bt!qptjujwf!ufsnt-!xijmf!Ƥmptt-ƥ!
Ƥefdmjof-ƥ!ps!Ƥsjtlƥ!xpvme!cf!mbcfmfe!ofhbujwf/!Bo!bobmztu!dpvme!uifo!rvboujgz!uif!tfoujnfou!
pg!b!epdvnfou!cz!dpvoujoh!uif!ovncfs!pg!qptjujwf!boe!ofhbujwf!xpset!ju!dpoubjofe/

Up!jmmvtusbuf-!dpotjefs!b!tjnqmf!fybnqmf/!Tvqqptf!b!tfoufodf!sfbet-!ƤUif!dpnqboz!sfqpsufe!
tuspoh!sfwfovf!hspxui!cvu!opufe!jodsfbtfe!tvqqmz!dibjo!sjtlt/ƥ!Vtjoh!b!cbtjd!tfoujnfou!
ejdujpobsz-!uijt!tfoufodf!njhiu!sfhjtufs!cpui!qptjujwf!)f/h/-!Ƥtuspoh-ƥ!Ƥhspxuiƥ*!boe!ofh.
bujwf!)f/h/-!Ƥsjtltƥ*!xpset-!xjui!uif!gjobm!dmbttjgjdbujpo!efqfoejoh!po!uifjs!sfmbujwf!dpvout/!
Uiftf!nfuipet!xfsf!jouvjujwf!boe!fbtz!up!jnqmfnfou-!cvu!uifz!dbnf!xjui!tvctuboujbm!
mjnjubujpot;

	● Mbdl!pg!dpoufyu;!Ejdujpobsz!nfuipet!jhopsf!uif!tvsspvoejoh!dpoufyu!pg!xpset/!
Gps!jotubodf-!uifz!uzqjdbmmz!gbjm!up!bddpvou!gps!ofhbujpot!)Ƥopu!qspgjubcmfƥ*!ps!npejgjfst!
)Ƥcbsfmz!qspgjubcmfƥ*-!mfbejoh!up!njtdmbttjgjdbujpo/

	● Qpmztfnz!boe!bncjhvjuz;!Xpset!xjui!nvmujqmf!nfbojoht-!tvdi!bt!Ƥjoufsftuƥ!)mpbo!joufsftu!
wfstvt!qfstpobm!joufsftu*-!bsf!usfbufe!vojgpsnmz-!pgufo!jouspevdjoh!opjtf!joup!bobmztjt/

	● Frvbm!xfjhiujoh;!Bmm!xpset!jo!uif!ejdujpobsz!bsf!usfbufe!bt!frvbmmz!jogpsnbujwf-!gbjmjoh!up!
dbquvsf!joufotjuz!ejggfsfodftƠgps!fybnqmf-!Ƥhppeƥ!boe!Ƥhsfbuƥ!nbz!cpui!cf!dmbttjgjfe!bt!
qptjujwf-!eftqjuf!ejggfsjoh!jo!tusfohui/

	● Tvckfdujwjuz!jo!xpse!tfmfdujpo;!Nbovbmmz!bttjhojoh!xpset!up!dbufhpsjft!dbo!sfgmfdu!ivnbo!
cjbt!boe!epnbjo!jotfotjujwjuz/

Uiftf!mjnjubujpot!cfdbnf!qbsujdvmbsmz!bqqbsfou!jo!gjobodjbm!bqqmjdbujpot/!Hfofsbm.qvsqptf!tfo.
ujnfou!ejdujpobsjft!efwfmpqfe!gps!dpotvnfs!qspevdu!sfwjfxt!ps!ofxt!bsujdmft!pgufo!qfsgpsnfe!
qppsmz!xifo!bqqmjfe!up!gjobodjbm!epdvnfout/!Gps!jotubodf-!uif!xpse!Ƥmjbcjmjuzƥ!nbz!cf!ofhbujwf!
jo!fwfszebz!mbohvbhf-!cvu!jo!bddpvoujoh-!ju!jt!b!ofvusbm!ufdiojdbm!ufsn/!Sfdphoj{joh!uijt!jttvf-!
Mpvhisbo!boe!NdEpobme!)3122*!bobmz{fe!dpnnpo!gjobodjbm!ufyut!boe!gpvoe!uibu!bqqspyjnbufmz!
uxp.uijset!pg!xpset!dmbttjgjfe!bt!ofhbujwf!cz!tuboebse!ejdujpobsjft!xfsf!opu!bduvbmmz!ofhbujwf!jo!
b!gjobodjbm!dpoufyu/!Up!beesftt!uijt-!uifz!jouspevdfe!uif!ƤMpvhisboƟNdEpobme!Nbtufs!Ejdujpobsz!
x0Tfoujnfou!Xpse!Mjtut-ƥ!tqfdjgjdbmmz!ubjmpsfe!gps!gjobodjbm!bobmztjt/!Uijt!efwfmpqnfou!nbslfe!b!
uvsojoh!qpjou!jo!epnbjo.tqfdjgjd!OMQ!boe!ijhimjhiufe!uif!jnqpsubodf!pg!dpoufyu.bxbsf!uppmt/

Tubujtujdbm!boe!Dpvou.Cbtfe!Nfuipet
Up!beesftt!uif!mjnjubujpot!pg!svmf.cbtfe!boe!ejdujpobsz!bqqspbdift-!uif!ofyu!qibtf!jo!OMQ!
jowpmwfe!sfqsftfoujoh!ufyuvbm!ebub!jo!tusvduvsfe-!tubujtujdbm!gpsnbut!uibu!dpvme!cf!bobmz{fe!vtjoh!
usbejujpobm!nbdijof!mfbsojoh!npefmt/!Uijt!bqqspbdi!dfoufst!po!uif!epdvnfouƟufsn!nbusjy-!
xifsf!fbdi!spx!sfqsftfout!b!epdvnfou!)tvdi!bt!b!ofxt!bsujdmf!ps!fbsojoht!dbmm*!boe!fbdi!
dpmvno!dpssftqpoet!up!b!vojrvf!xpse-!ps!ufsn-!jo!uif!dpsqvt/!Uif!fousjft!jo!uijt!nbusjy!joejdbuf!
uif!gsfrvfodz!xjui!xijdi!fbdi!xpse!bqqfbst!jo!fbdi!epdvnfou/

Uijt!sfqsftfoubujpo!fobcmft!xpset!up!cf!bttjhofe!xfjhiut!cz!b!tubujtujdbm!npefm-!sbuifs!uibo!
sfmzjoh!po!qsfefgjofe!ejdujpobsz!mbcfmt/!Jo!fggfdu-!uif!npefm!mfbsot!uif!sfmbujpotijq!cfuxffo!
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xpset!boe!bo!pvudpnf!wbsjbcmfƠtvdi!bt!tupdl!sfuvsot!ps!tfoujnfou!mbcfmtƠcbtfe!po!pctfswfe!
dp.pddvssfodf!qbuufsot-!bmmpxjoh!gps!b!npsf!ebub.esjwfo!voefstuboejoh!pg!mbohvbhf/

Up!jmmvtusbuf-!dpotjefs!uxp!epdvnfout;

	● Epdvnfou!B;!ƤUif!dpnqboz!sfqpsufe!tuspoh!fbsojoht/ƥ

	● Epdvnfou!C;!ƤUif!dpnqboz!gbdfe!xfbl!fbsojoht/ƥ

B!epdvnfouƟufsn!nbusjy!xpvme!sfqsftfou!uiftf!bt!gpmmpxt!)tjnqmjgjfe!gps!dmbsjuz*;

 Company Reported Strong Earnings Faced Weak

Epdvnfou!B 2 2 2 2 1 1

Epdvnfou!C 2 1 1 2 2 2

Uiftf!dpvou!wfdupst!dbo!uifo!cf!vtfe!bt!joqvut!up!tuboebse!dmbttjgjfst-!tvdi!bt!mphjtujd!sfhsft.
tjpo!ps!objwf!Cbzft-!fobcmjoh!fnqjsjdbm!ftujnbujpo!pg!xijdi!xpset!bsf!bttpdjbufe!xjui!qptjujwf!
ps!ofhbujwf!pvudpnft/

Uijt!bqqspbdi!jouspevdft!ofx!dibmmfohft-!ipxfwfs-!jodmvejoh!ejnfotjpobmjuz!boe!tqbstjuz;!
Bt!uif!wpdbcvmbsz!tj{f!jodsfbtftƠqbsujdvmbsmz!jo!gjobodjbm!ufyu!xifsf!epnbjo.tqfdjgjd!ufsnjopm.
phz!jt!bcvoebouƠuif!epdvnfouƟufsn!nbusjy!cfdpnft!ijhi.ejnfotjpobm!boe!tqbstf/!Uibu!jt-!
nptu!fousjft!bsf!{fsp!cfdbvtf!boz!hjwfo!epdvnfou!dpoubjot!pomz!b!tnbmm!tvctfu!pg!uif!upubm!
wpdbcvmbsz/!Uijt!tqbstjuz!dbo!sfevdf!npefm!qfsgpsnbodf!boe!jodsfbtf!dpnqvubujpobm!cvsefo/

Up!njujhbuf!uijt!esbxcbdl-!qsbdujujpofst!pgufo!bqqmz!ufyu!qsfqspdfttjoh!ufdiojrvft-!jodmvejoh!
uif!gpmmpxjoh;

	● Tupqxpse!sfnpwbm;!Dpnnpo-!opojogpsnbujwf!xpset-!tvdi!bt!Ƥuif-ƥ!Ƥboe-ƥ!boe!Ƥpg-ƥ!
bsf!sfnpwfe/

	● Tufnnjoh!boe!mfnnbuj{bujpo;!Xpset!bsf!sfevdfe!up!uifjs!cbtf!ps!sppu!gpsnt/!Gps!fybnqmf-!
Ƥsvoojoh-ƥ!Ƥsbo-ƥ!boe!Ƥsvotƥ!nbz!bmm!cf!sfevdfe!up!Ƥsvo-ƥ!jnqspwjoh!dpotjtufodz!boe!sfevdjoh!
ejnfotjpobmjuz/

	● UGƟJEG!xfjhiujoh;!Jo!sbx!dpvou.cbtfe!nbusjdft-!dpnnpo!xpset!epnjobuf/!Up!beesftt!uijt!
qspcmfn-!ufsn!gsfrvfodzƟjowfstf!epdvnfou!gsfrvfodz!)UGƟJEG*!xfjhiujoh!jt!vtfe/!UGƟJEG!
epxoxfjhiut!xpset!uibu!bqqfbs!gsfrvfoumz!bdsptt!bmm!epdvnfout!)tvdi!bt!Ƥdpnqbozƥ*!boe!
vqxfjhiut!xpset!uibu!bsf!npsf!vojrvf!up!b!tqfdjgjd!epdvnfou-!ifmqjoh!ijhimjhiu!ejtdsjnjob.
ujwf!ufsnt/

Eftqjuf!uiftf!sfgjofnfout-!dpvou!wfdupsƟcbtfe!nfuipet!tujmm!ibwf!tjhojgjdbou!mjnjubujpot;

	● Op!dpoufyu!ps!psefsjoh;!Xpse!psefs!jt!jhopsfe-!nbljoh!ju!jnqpttjcmf!up!ejtujohvjti!cfuxffo!
Ƥopu!qspgjubcmfƥ!boe!Ƥqspgjubcmf/ƥ!Uijt!gfbuvsf!mjnjut!uif!npefmƢt!bcjmjuz!up!dbquvsf!ofhbujpo!
boe!puifs!dpoufyuvbm!npejgjfst/

	● Op!tfnboujd!sfmbujpotijqt;!Fbdi!xpse!jt!usfbufe!bt!bo!joefqfoefou!uplfo-!xjui!op!sfdph.
ojujpo!pg!tzopoznz!ps!boupoznz/!Gps!jotubodf-!Ƥhppeƥ!boe!Ƥhsfbuƥ!bsf!op!npsf!tjnjmbs!uibo!
Ƥhppeƥ!boe!Ƥufssjcmfƥ!jo!uijt!sfqsftfoubujpo/
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Uiftf!esbxcbdlt!npujwbufe!uif!efwfmpqnfou!pg!npsf.bewbodfe!npefmt!uibu!dbo!dbquvsf!dpo.
ufyuvbm!boe!tfnboujd!nfbojoh!jo!mbohvbhf-!xijdi!bsf!ejtdvttfe!jo!uif!gpmmpxjoh!tfdujpot/

Ofvsbm!Npefmt!boe!Xpse!Fncfeejoht
Uif!ufdiojrvft!ejtdvttfe!uivt!gbs!gpdvt!po!sfqsftfoujoh!ufyu!jo!tusvduvsfe!gpsnbut!uibu!dbo!
cf!vtfe!bt!joqvut!up!usbejujpobm!nbdijof!mfbsojoh!npefmt/!Uiftf!sfqsftfoubujpotƠxifuifs!
cbtfe!po!xpse!dpvout!ps!ufsn!gsfrvfodz!xfjhiujohƠusfbu!xpset!bt!joefqfoefou!boe!ep!opu!
buufnqu!up!dbquvsf!uif!voefsmzjoh!sfmbujpotijqt!bnpoh!uifn/!Bmuipvhi!vtfgvm!gps!nboz!ubtlt-!
uiftf!npefmt!gbmm!tipsu!jo!uifjs!bcjmjuz!up!voefstuboe!mbohvbhf!jo!b!effqfs-!tfnboujd!tfotf/

Bt!nbdijof!mfbsojoh!npefmt!boe!dpnqvubujpobm!qpxfs!bewbodfe-!OMQ!tijgufe!gspn!nfsfmz!
sfqsftfoujoh!ufyu!up!mfbsojoh!gspn!ufyu/!Sbuifs!uibo!nbovbmmz!dsbgujoh!gfbuvsft!ps!dpvoujoh!xpse!
pddvssfodft-!npefmt!cfhbo!vtjoh!ofvsbm!ofuxpslt!up!mfbso!sfmbujpotijqt!cfuxffo!xpset!ejsfdumz!
gspn!mbshf!dpsqpsb!pg!ufyu/!Uijt!qspdftt!jt!uzqjdbmmz!epof!uispvhi!tfnjtvqfswjtfe!mfbsojoh;!
Uif!npefm!jt!usbjofe!po!b!tjnqmf!qsfejdujpo!ubtl-!tvdi!bt!qsfejdujoh!b!njttjoh!xpse!cbtfe!po!
jut!tvsspvoejoh!dpoufyu/!Jo!epjoh!tp-!uif!npefm!efwfmpqt!bo!joufsobm!sfqsftfoubujpo!pg!xpse!
nfbojohƠsfgfssfe!up!bt!xpse!fncfeejoht/

B!xpse!fncfeejoh!jt!b!ijhi.ejnfotjpobm!wfdups!uibu!fodpeft!tfnboujd!jogpsnbujpo!bcpvu!b!
xpse/!Xpset!uibu!bqqfbs!jo!tjnjmbs!dpoufyut!ufoe!up!ibwf!tjnjmbs!fncfeejoht/!Pof!pg!uif!nptu!
xfmm.lopxo!bqqspbdift!gps!hfofsbujoh!xpse!fncfeejoht!jt!Xpse3Wfd-!jouspevdfe!cz!Njlpmpw-!
Tvutlfwfs-!Difo-!Dpssbep-!boe!Efbo!)3124*/!Xpse3Wfd!jt!usbjofe!po!tvdi!ubtlt!bt!uif!gpmmpxjoh;

	● Dpoujovpvt!cbh!pg!xpset;!Qsfejdu!b!xpse!cbtfe!po!jut!tvsspvoejoh!dpoufyu!
)f/h/-!hjwfo!ƤUif!dpnqboz!\ƪ^!tuspoh!fbsojoht-ƥ!qsfejdu!Ƥsfqpsufeƥ*/

	● Tljq.hsbn;!Qsfejdu!tvsspvoejoh!xpset!hjwfo!b!dfousbm!xpse/

Uispvhi!usbjojoh-!uif!npefm!mfbsot!up!bttpdjbuf!fbdi!xpse!jo!uif!wpdbcvmbsz!xjui!b!efotf!wfdups!!
pg!sfbm!ovncfst/!Uiftf!wfdupst!dbquvsf!nfbojohgvm!mjohvjtujd!sfmbujpotijqt/!Gps!fybnqmf-!
dpotjefs!uif!gbnpvt!bobmphz!gspn!Njlpmpw!fu!bm/!)3124*;

wfdups)Ƥljohƥ*!Ɵ!wfdups)Ƥnboƥ*!,!wfdups)Ƥxpnboƥ*!≈!wfdups)Ƥrvffoƥ*/

Ju!efnpotusbuft!ipx!bsjuinfujd!pqfsbujpot!po!xpse!fncfeejoht!dbo!sfwfbm!mbufou!tfnboujd!
tusvduvsf/!Xibu!uijt!tbzt!jt!uibu!jg!xf!ublf!uif!xpse!fncfeejoh!gspn!Ƥljoh-ƥ!tvcusbdu!uibu!wfdups!
xjui!uif!wfdups!pg!uif!xpse!fncfeejoh!pg!Ƥnbo-ƥ!boe!bee!uif!wfdups!gps!Ƥxpnbo-ƥ!ju!xjmm!cf!
npsf!tjnjmbs!up!uif!xpse!fncfeejoh!gps!Ƥrvffo-ƥ!jmmvtusbujoh!uif!tfnboujd!nfbojoh!fncfeefe!
jo!uiftf!xpse!wfdupst/

Uif!pvuqvu!pg!b!npefm!tvdi!bt!Xpse3Wfd!jt!bo!fncfeejoh!nbusjy-!xifsf!fbdi!spx!dpssftqpoet!
up!b!xpse!jo!uif!wpdbcvmbsz!boe!fbdi!dpmvno!sfqsftfout!b!mfbsofe!gfbuvsf!pg!uif!xpse/!
Uiftf!fncfeejoht!dbo!uifo!cf!vtfe!bt!joqvut!up!epxotusfbn!npefmt!)j/f/-!npefmt!tqfdjbmj{.
joh!jo!b!tqfdjgjd!ubtl*!gps!dmbttjgjdbujpo-!dmvtufsjoh-!ps!sfhsfttjpo!ubtltƠpggfsjoh!b!npsf!dpn.
qbdu!boe!tfnboujdbmmz!sjdi!sfqsftfoubujpo!sfmbujwf!up!uif!tqbstf!dpvou!wfdupst!ejtdvttfe!jo!
uif!qsfwjpvt!tfdujpo/

Uiftf!nfuipet!tujmm!ibwf!mjnjubujpot-!ipxfwfs-!tvdi!bt!tubujd!fncfeejoht;!Podf!usbjofe-!
fbdi!xpse!ibt!b!tjohmf!gjyfe!fncfeejoh-!sfhbsemftt!pg!dpoufyu/!Uijt!tjuvbujpo!dsfbuft!
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qspcmfnt!gps!xpset!xjui!nvmujqmf!nfbojoht/!Gps!jotubodf-!dpotjefs!uif!xpse!Ƥqptjujpoƥ!
jo!uxp!gjobodjbm!dpoufyut;

	● ƤUif!gvoe!jodsfbtfe!jut!qptjujpo!jo!Bqqmf/ƥ

	● ƤUif!usbefs!bddfqufe!b!ofx!qptjujpo!bu!uif!gjsn/ƥ

Jo!cpui!dbtft-!uif!tbnf!xpse!wfdups!xpvme!cf!vtfe-!fwfo!uipvhi!Ƥqptjujpoƥ!sfgfst!up!bo!
jowftunfou!jo!pof!dbtf!boe!b!kpc!ujumf!jo!uif!puifs/

Up!beesftt!uijt!jttvf-!sftfbsdifst!jouspevdfe!sfdvssfou!ofvsbm!ofuxpslt!)SOOt*!uibu!qspdftt!
tfrvfodft!pg!xpset!jo!psefs-!bmmpxjoh!npefmt!up!hfofsbuf!dpoufyuvbm!fncfeejohtƠxpse!sfq.
sftfoubujpot!uibu!dibohf!efqfoejoh!po!tvsspvoejoh!xpset/!Uxp!xjefmz!vtfe!bsdijufduvsft!
jo!uijt!gbnjmz!bsf!uif!mpoh!tipsu.ufsn!nfnpsz!)MTUN*!ofuxpsl!boe!uif!hbufe!sfdvssfou!voju/!
Uiftf!npefmt!sfbe!b!tfoufodf!pof!xpse!bu!b!ujnf!boe!sfubjo!b!nfnpsz!pg!uif!qsfdfejoh!xpset-!
fobcmjoh!uifn!up!hfofsbuf!sjdifs-!dpoufyu.bxbsf!sfqsftfoubujpot/

Bmuipvhi!tfrvfoujbm!npefmt!tvdi!bt!MTUN!ofuxpslt!jnqspwfe!qfsgpsnbodf!po!nboz!OMQ!ubtlt-!
uifz!bmtp!jouspevdfe!ofx!dibmmfohft;

	● Dpnqvubujpobm!jofggjdjfodz;!Qspdfttjoh!xpset!pof!bu!b!ujnf!mjnjut!qbsbmmfmj{bujpo!boe!
jodsfbtft!jogfsfodf!ujnf!)j/f/-!ipx!mpoh!ju!ublft!b!npefm!up!pvuqvu!qsfejdujpot!ps!
fncfeejoht*/

	● Vojejsfdujpobm!dpoufyu;!Tuboebse!MTUN!ofuxpslt!uzqjdbmmz!sfbe!ufyu!jo!pof!ejsfdujpoƠvtvbmmz!
mfgu!up!sjhiuƠtp!uifz!dbo!dpoejujpo!pomz!po!qsfwjpvt!xpset!boe!opu!po!gvuvsf!dpoufyu/

Uiftf!mjnjubujpot!qbwfe!uif!xbz!gps!uif!ofyu!nbkps!csfbluispvhi!jo!OMQ;!uif!usbotgpsnfs!bsdij.
ufduvsf-!xijdi!fobcmft!npsf!fggjdjfou!boe!gmfyjcmf!npefmjoh!pg!ufyu!xjui!gvmm!dpoufyu!bxbsfoftt/!
Uijt!efwfmpqnfou!jt!fyqmpsfe!jo!uif!gpmmpxjoh!tfdujpo/

Uif!Usbotgpsnfs!Sfwpmvujpo
Uif!jouspevdujpo!pg!uif!usbotgpsnfs!bsdijufduvsf-!qspqptfe!cz!Wbtxboj-!Tib{ffs-!Qbsnbs-!
Vt{lpsfju-!Kpoft-!Hpnf{-!Lbjtfs-!boe!Qpmptvlijo!)3128*-!jo!uif!mboenbsl!qbqfs!ƤBuufoujpo!Jt!
Bmm!Zpv!Offe-ƥ!nbslfe!b!uvsojoh!qpjou!jo!OMQ!efwfmpqnfou/!Uif!usbotgpsnfs!opu!pomz!pvuqfs.
gpsnfe!qsjps!npefmt!bdsptt!b!xjef!sbohf!pg!OMQ!cfodinbslt!cvu!bmtp!cfdbnf!uif!gpvoebujpobm!
bsdijufduvsf!gps!bmm!npefso!MMNt-!jodmvejoh!CFSU-!HQU-!boe!uifjs!tvddfttpst/

Bmuipvhi!uif!usbotgpsnfs!jt!b!ofvsbm!ofuxpsl!mjlf!uiptf!ejtdvttfe!jo!uif!qsfwjpvt!tfdujpo-!
ju!efqbsut!tjhojgjdboumz!gspn!fbsmjfs!tfrvfoujbm!npefmt!tvdi!bt!SOOt!boe!MTUN!ofuxpslt/!
Up!voefstuboe!jut!jnqbdu!boe!ipx!ju!ejggfst!gspn!qbtu!bsdijufduvsft-!uijt!tfdujpo!qsftfout!b!
ijhi.mfwfm!dpodfquvbm!pwfswjfx!pg!uif!usbotgpsnfs!bsdijufduvsf!boe!jut!uxp!lfz!joopwbujpot;!
tfmg.buufoujpo!boe!fodpefsƟefdpefs!tfqbsbujpo/

Self-Attention: Capturing Relationships Across Text

Bu!uif!dpsf!pg!uif!usbotgpsnfs!jt!uif!tfmg.buufoujpo!nfdibojtn-!xijdi!bmmpxt!uif!npefm!up!dpo.
tjefs!uif!sfmbujpotijq!cfuxffo!bmm!xpset!)ps!uplfot*!jo!b!hjwfo!joqvu!tfrvfodf-!sfhbsemftt!pg!
uifjs!qptjujpo/!Jo!dpousbtu!up!MTUN!ofuxpslt-!xijdi!qspdftt!tfrvfodft!xpse!cz!xpse!boe!uzqj.
dbmmz!mppl!pomz!bu!qsfwjpvt!xpset!)j/f/-!mfgu!up!sjhiu*-!tfmg.buufoujpo!fobcmft!uif!npefm!up!dpnqvuf!
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sfmfwbodf!tdpsft!bdsptt!uif!foujsf!tfrvfodf!jo!qbsbmmfm/!Uijt!bqqspbdi!nfbot!uibu!fbdi!xpse!
dbo!buufoe!up!fwfsz!puifs!xpse-!xjui!uif!npefm!xfjhiujoh!uifn!cbtfe!po!mfbsofe!sfmfwbodf/

Gps!fybnqmf-!jo!uif!tfoufodf-!ƤUif!jowftups!tpme!uif!tupdl!cfdbvtf!ju!xbt!pwfswbmvfe-ƥ!uif!xpse!
Ƥjuƥ!dpvme!qmbvtjcmz!sfgfs!up!fjuifs!Ƥtupdlƥ!ps!Ƥjowftups/ƥ!B!npefm!frvjqqfe!xjui!tfmg.buufoujpo!
dbo!mfbso!up!gpdvt!po!uif!dpssfdu!sfgfsfouƠƥtupdlƥƠcz!bttjhojoh!ijhifs!buufoujpo!xfjhiu!up!ju/!
Uijt!dbqbcjmjuz!up!npefm!mpoh.sbohf!efqfoefodjft!boe!bncjhvjuz!jt!pof!pg!uif!sfbtpot!xiz!
usbotgpsnfs.cbtfe!npefmt!ibwf!qspwfo!tp!fggfdujwf!jo!dbquvsjoh!uif!dpnqmfyjuz!pg!ivnbo!
mbohvbhf/

The Encoder–Decoder Architecture

Uif!psjhjobm!usbotgpsnfs!bsdijufduvsf!dpotjtut!pg!uxp!nbkps!dpnqpofout;

	● Fodpefs;!qspdfttft!uif!joqvu!ufyu!boe!dpowfsut!ju!joup!b!dpoufyuvbmj{fe!wfdups!
sfqsftfoubujpo

	● Efdpefs;!vtft!uijt!sfqsftfoubujpo!up!hfofsbuf!bo!pvuqvu!tfrvfodf-!tvdi!bt!usbotmbufe!ufyu-!
b!tvnnbsz-!ps!b!sftqpotf

Uijt!fodpefsƟefdpefs!dpogjhvsbujpo!xbt!eftjhofe!gps!tvdi!ubtlt!bt!nbdijof!usbotmbujpo-!
tvnnbsj{bujpo-!boe!rvftujpo!botxfsjohƠxifsf!uif!npefm!nvtu!gjstu!voefstuboe!uif!gvmm!joqvu!
cfgpsf!qspevdjoh!b!nfbojohgvm!pvuqvu/!Uif!fodpefs!qpsujpo!pg!uif!npefm!dbquvsft!uif!tfnboujd!
dpoufou!pg!uif!tpvsdf!ufyu-!xijmf!uif!efdpefs!qpsujpo!hfofsbuft!ofx!ufyu!dpoejujpofe!po!uibu!
jogpsnbujpo!dbquvsfe!cz!uif!fodpefs/

Jo!qsbdujdf-!ipxfwfs-!fodpefs!boe!efdpefs!dpnqpofout!bsf!pgufo!vtfe!joefqfoefoumz-!
efqfoejoh!po!uif!ubtl;

	● Fodpefs.pomz!npefmt!)f/h/-!CFSU*2!bsf!eftjhofe!up!dsfbuf!ijhi.rvbmjuz-!dpoufyuvbmj{fe!
fncfeejoht!pg!uif!joqvu!ufyu/!Uiftf!fncfeejoht!dbo!uifo!cf!vtfe!bt!gfbuvsft!gps!epxo.
tusfbn!ubtlt-!tvdi!bt!tfoujnfou!bobmztjt-!dmbttjgjdbujpo-!ps!jogpsnbujpo!sfusjfwbm/!Fodpefs.
pomz!npefmt!bsf!ftqfdjbmmz!wbmvbcmf!jo!tfuujoht!xifsf!uif!hpbm!jt!up!joufsqsfu!ps!tdpsf!b!qjfdf!
pg!ufyu!sbuifs!uibo!hfofsbuf!ofx!ufyu/

	● Efdpefs.pomz!npefmt!)f/h/-!HQU*3!bsf!pqujnj{fe!gps!mbohvbhf!hfofsbujpo/!Uiftf!npefmt!
qsfejdu!uif!ofyu!uplfo!jo!b!tfrvfodf!hjwfo!bmm!qsfwjpvt!uplfotƠb!gpsnvmbujpo!lopxo!bt!
dbvtbm!ps!bvupsfhsfttjwf!mbohvbhf!npefmjoh/!Uijt!bqqspbdi!fobcmft!uif!npefm!up!hfofsbuf!
dpifsfou!ufyu-!botxfs!rvftujpot-!boe!fohbhf!jo!ejbmphvf/!Efdpefs.pomz!npefmt!gpsn!uif!
cbdlcpof!pg!npefso!dibu.cbtfe!tztufnt!boe!jotusvdujpo.gpmmpxjoh!bhfout/

Uif!usbotgpsnfs!bsdijufduvsf!jouspevdfe!uxp!csfbluispvhit;!uif!bcjmjuz!up!qspdftt!bmm!uplfot!jo!
qbsbmmfm!uispvhi!tfmg.buufoujpo!boe!uif!npevmbs!fodpefsƟefdpefs!gsbnfxpsl!uibu!fobcmft!cpui!
voefstuboejoh!boe!hfofsbujpo!pg!ofx!ufyu/!Uiftf!joopwbujpot!opu!pomz!jnqspwfe!qfsgpsnbodf!

2CFSU!sfgfst!up!uif!cjejsfdujpobm!fodpefs!sfqsftfoubujpot!gspn!usbotgpsnfst!npefm!jouspevdfe!cz!Efwmjo-!Diboh-!Mff-!
boe!Upvubopwb!)312:*/
3HQU!sfgfst!up!uif!hfofsbujwf!qsfusbjofe!usbotgpsnfs!npefm!jouspevdfe!cz!PqfoBJ!uispvhi!b!tfsjft!pg!csfbluispvhi!
qbqfst!)Sbegpse-!Obsbtjnibo-!Tbmjnbot-!boe!Tvutlfwfs!3129<!Sbegpse-!Xv-!Dijme-!Mvbo-!Bnpefj-!boe!Tvutlfwfs!312:<!
Cspxo-!Nboo-!Szefs-!Tvccjbi-!Lbqmbo-!Eibsjxbm-!Offmblboubo-!fu!bm/!3131*/!HQU!bmtp!sfgfst!up!uif!dmbtt!pg!efdpefs.pomz!
npefmt!qpqvmbsj{fe!uispvhi!npefso!MMNt/
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bdsptt!b!xjef!sbohf!pg!OMQ!ubtlt!cvu!bmtp!nbef!ju!gfbtjcmf!up!tdbmf!npefmt!up!voqsfdfefoufe!
tj{f-!hjwjoh!sjtf!up!upebzƢt!MMNt/

Uif!ofyu!tfdujpo!fyqmpsft!ipx!uiftf!bsdijufduvsbm!bewbodft-!dpvqmfe!xjui!nbttjwf!qsfusbjojoh-!
ibwf!fobcmfe!b!ofx!qbsbejhn!pg!hfofsbujwf!npefmjoh!uibu!dbo!tpmwf!b!cspbe!sbohf!pg!ubtlt!xjui!
mjuumf!ps!op!ubtl.tqfdjgjd!ebub/

Pretraining, Fine-Tuning, and the Modular Nature 
of LLMs
Up!voefstuboe!ipx!MMNt!xpslƠboe!xiz!uifz!ibwf!cfdpnf!tp!qpxfsgvmƠju!jt!ifmqgvm!up!csfbl!
epxo!uifjs!usbjojoh!joup!ejtujodu!qibtft;!qsfusbjojoh!boe!gjof.uvojoh/!Uiftf!qibtft!sfgmfdu!
b!npevmbs!boe!tdbmbcmf!bqqspbdi!up!usbjojoh!MMNt!uibu!tfqbsbuft!uif!bdrvjtjujpo!pg!hfofsbm!
mjohvjtujd!boe!xpsme!lopxmfehf!gspn!uif!bebqubujpo!pg!uif!npefm!up!tqfdjgjd!ubtlt/!Bmuipvhi!
uif!voefsmzjoh!npefm!bsdijufduvsf!)fodpefs-!efdpefs-!ps!cpui*!qmbzt!bo!jnqpsubou!spmf!jo!tibqjoh!
uif!npefmƢt!dbqbcjmjujft-!ju!jt!vmujnbufmz!uif!usbjojoh!qspdftt!uibu!efufsnjoft!xibu!uif!npefm!
dbo!ep!jo!qsbdujdf/

Qsfusbjojoh;!Cvjmejoh!Hfofsbm!Mjohvjtujd!boe!Xpsme!Lopxmfehf
Qsfusbjojoh!jt!uif!gpvoebujpobm!qibtf!pg!MMN!efwfmpqnfou/!Jo!uijt!tubhf-!uif!npefm!jt!
fyqptfe!up!b!nbttjwf!dpsqvt!pg!sbx!ufyucpplt-!bsujdmft-!xfctjuft-!boe!puifs!qvcmjdmz!bwbjmbcmf!
epdvnfoutƠboe!usbjofe!up!qsfejdu!njttjoh!ps!gvuvsf!xpset/!Uijt!qspdftt!epft!opu!sfrvjsf!
mbcfmfe!ebub-!nbljoh!ju!ijhimz!tdbmbcmf/!Uif!hpbm!jt!up!jotujmm!uif!npefm!xjui!b!tubujtujdbm!voefs.
tuboejoh!pg!mbohvbhf!boe!b!cspbe!)uipvhi!jnqmjdju*!lopxmfehf!pg!uif!xpsme/

Uif!tqfdjgjd!usbjojoh!pckfdujwf!efqfoet!po!uif!bsdijufduvsf;

	● Nbtlfe!mbohvbhf!npefmjoh!)NMN*;!Vtfe!qsjnbsjmz!gps!usbjojoh!fodpefs.pomz!npefmt!
)f/h/-!CFSU*-!NMN!jowpmwft!ijejoh!ps!Ƥnbtljohƥ!dfsubjo!xpset!jo!b!tfoufodf!boe!usbjojoh!
uif!npefm!up!qsfejdu!uif!nbtlfe!xpse)t*!cbtfe!po!tvsspvoejoh!dpoufyu/!Gps!fybnqmf-!
hjwfo!uif!joqvu!ƤUif!dpnqboz!sfqpsufe!b!\NBTL^!hbjo!jo!qspgjut-ƥ!uif!npefm!mfbsot!up!jogfs!
uibu!Ƥtuspohƥ!njhiu!cf!bo!bqqspqsjbuf!xpse/!Cfdbvtf!fodpefs!npefmt!buufoe!up!uif!foujsf!
joqvu!bu!podf-!uifz!hfofsbuf!sjdi!dpoufyuvbm!fncfeejoht!vtfgvm!gps!dmbttjgjdbujpo!boe!
sfusjfwbm!ubtlt/

	● Dbvtbm!mbohvbhf!npefmjoh!)DMN*;!Vtfe!up!usbjo!efdpefs.pomz!npefmt!)f/h/-!HQU*-!
DMN!usbjot!uif!npefm!up!qsfejdu!uif!ofyu!xpse!jo!b!tfrvfodf!hjwfo!bmm!qsfwjpvt!xpset/!
Gps!jotubodf-!hjwfo!ƤUif!dpnqboz!sfqpsufe!b!tuspoh!hbjo!jo-ƥ!uif!npefm!mfbsot!up!qsfejdu!
Ƥqspgjut/ƥ!Uijt!bvupsfhsfttjwf!pckfdujwf!bmjhot!obuvsbmmz!xjui!hfofsbujwf!ubtlt!boe!fobcmft!
uif!npefm!up!qspevdf!dpifsfou-!gmvfou!ufyu/!Sbegpse-!Obsbtjnibo-!Tbmjnbot-!boe!Tvutlfwfs!
)3129*!efnpotusbufe!uibu!qfsgpsnbodf!jnqspwft!tvctuboujbmmz!xjui!npefm!tdbmf-!mfbejoh!
up!uif!efwfmpqnfou!pg!ijhimz!qbsbnfufsj{fe!npefmt!dbqbcmf!pg!hfofsbm.qvsqptf!ufyu!
hfofsbujpo/

Uijt!qsfusbjojoh!qibtf!jt!dpnqvubujpobmmz!joufotjwf!boe!uzqjdbmmz!dbssjfe!pvu!cz!mbshf!ufdiopmphz!
gjsnt!xjui!bddftt!up!tjhojgjdbou!dpnqvuf!jogsbtusvduvsf!boe!nbttjwf!ebubtfut/!Uif!sftvmujoh!qsf.
usbjofe!npefmt!dbo!cf!ejtusjcvufe!boe!sfvtfe-!ipxfwfs-!qspwjejoh!b!tuspoh!gpvoebujpo!gps!epxo.
tusfbn!dvtupnj{bujpo/
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Gjof.Uvojoh;!Bebqujoh!Npefmt!up!Ubtlt!boe!Epnbjot
Bmuipvhi!qsfusbjojoh!frvjqt!MMNt!xjui!hfofsbm!dbqbcjmjujft-!ju!epft!opu!ubjmps!uifn!up!tqfdjgjd!
ubtlt/!Qsfusbjofe!npefmt!nbz!cf!bcmf!up!hfofsbuf!gmvfou!ufyu!ps!fodpef!tfoufodft!joup!fncfe.
ejoht-!cvu!uifz!pgufo!mbdl!uif!epnbjo.tqfdjgjd!cfibwjps!offefe!gps!qsbdujdbm!bqqmjdbujpot!jo!tvdi!
bsfbt!bt!gjobodf/!Uijt!jt!xifsf!gjof.uvojoh!dpnft!jo/

Gjof.uvojoh!jowpmwft!dpoujovjoh!uif!usbjojoh!pg!b!qsfusbjofe!npefm!po!b!tnbmmfs-!epnbjo.tqfdjgjd!
ps!ubtl.tqfdjgjd!ebubtfu/!Uijt!qspdftt!bmmpxt!vtfst!up!bebqu!hfofsbm.qvsqptf!npefmt!gps!uifjs!
pxo!vtf!dbtft!xjuipvu!tubsujoh!gspn!tdsbudi/

Gps!fodpefs.pomz!npefmt-!gjof.uvojoh!uzqjdbmmz!jowpmwft!tvqfswjtfe!mfbsojoh/!Gps!fybnqmf-!
up!cvjme!b!tfoujnfou!dmbttjgjfs-!b!qsbdujujpofs!xpvme!tubsu!xjui!b!qsfusbjofe!CFSU!npefm!
boe!gjof.uvof!ju!po!mbcfmfe!ebub!dpotjtujoh!pg!ufyu!tbnqmft!qbjsfe!xjui!tfoujnfou!mbcfmt/!
Uif!sftvmujoh!npefm!cfdpnft!ijhimz!tqfdjbmj{fe!gps!tfoujnfou!dmbttjgjdbujpo/!Uif!sftvmujoh!
npefm!xjmm!cf!bcmf!up!qspevdf!nfbojohgvm!pvuqvut!pomz!gps!uibu!tqfdjgjd!ubtl-!ipxfwfs-!xijdi!jt!
xiz!gjof.uvofe!fodpefs.pomz!npefmt!bsf!bmtp!sfgfssfe!up!bt!Ƥobsspxƥ!ps!Ƥubtl.tqfdjgjdƥ!npefmt/

Gps!efdpefs.pomz!npefmt-!gjof.uvojoh!dbo!cf!npsf!hfofsbm/!Bgufs!qsfusbjojoh!po!joufsofu.tdbmf!
ebub-!uiftf!npefmt!bsf!pgufo!gjof.uvofe!po!dvsbufe!ebubtfut!pg!ivnbo!joufsbdujpotƠtvdi!bt!
rvftujpo.boe.botxfs!qbjst!ps!dibu!mphtƠup!ufbdi!uif!npefm!ipx!up!cf!ifmqgvm-!tbgf-!boe!sftqpo.
tjwf!jo!b!dpowfstbujpobm!tfuujoh/!Xjuipvu!uijt!beejujpobm!uvojoh-!b!npefm!njhiu!sftqpoe!up!b!
qspnqu!tvdi!bt!ƤXibu!jt!zpvs!obnf@ƥ!xjui!b!tupsz!ps!vosfmbufe!qsptf/!Xjui!gjof.uvojoh-!ju!mfbsot!
up!sftqpoe!bqqspqsjbufmz!up!vtfs!rvfsjft/

Pof!pg!uif!sfbtpot!efdpefs.pomz!npefmt!ibwf!cfdpnf!tp!xjefmz!vtfe!jt!uifjs!gmfyjcjmjuz/!Sbuifs!uibo!
offejoh!b!ofx!npefm!gps!fbdi!ubtl!)f/h/-!tfoujnfou!dmbttjgjdbujpo-!tvnnbsj{bujpo-!FTH!tdpsjoh*-!
b!tjohmf!efdpefs.pomz!npefm!dbo!cf!gjof.uvofe!up!qfsgpsn!b!xjef!sbohf!pg!ubtlt!tjnqmz!cz!dibohjoh!
uif!qspnquƠuif!joqvu!jotusvdujpo!ps!dpoufyu!qspwjefe!up!uif!npefm/!Gps!jotubodf;

	● ƤDmbttjgz!uif!tfoujnfou!pg!uijt!ufyu;!ơNbslfut!sbmmjfe!bgufs!uif!sbuf!dvu/Ƣƥ

	● ƤTvnnbsj{f!uif!gpmmpxjoh!fbsojoht!sfqpsu/ƥ

	● ƤMjtu!uisff!FTH!sjtlt!nfoujpofe!jo!uijt!epdvnfou/ƥ

Uijt!bcjmjuz!nblft!efdpefs.pomz!npefmt!buusbdujwf!jo!tvdi!epnbjot!bt!gjobodf-!xifsf!mbcfmfe!
ebub!bsf!pgufo!tdbsdf!cvu!b!xjef!sbohf!pg!ubtlt!offe!up!cf!qfsgpsnfe!po!votusvduvsfe!ufyu/!
Cz!tijgujoh!uif!dpnqmfyjuz!up!uif!qspnqu!eftjho-!qsbdujujpofst!dbo!bwpje!uif!dptumz!qspdftt!pg!
usbjojoh!obsspx!npefmt!gps!fwfsz!ofx!bqqmjdbujpo/

Qspnqujoh!wt/!Gjof.Uvojoh
Bmuipvhi!qspnqujoh!bmmpxt!vtfst!up!fyusbdu!vtfgvm!cfibwjps!gspn!b!qsfusbjofe!ps!
jotusvdujpo.uvofe!npefm!xjuipvu!boz!beejujpobm!usbjojoh-!ju!ibt!jut!mjnjut/!Jo!dbtft!xifsf!uif!
npefm!gbjmt!up!gpmmpx!jotusvdujpot-!tusvhhmft!xjui!epnbjo.tqfdjgjd!kbshpo-!ps!voefsqfsgpsnt!
po!ojdif!ubtlt-!gjof.uvojoh!dbo!tujmm!qmbz!bo!jnqpsubou!spmf/

Gjof.uvojoh!dbo!cf!vtfe!gps!uif!gpmmpxjoh;

	● Ubtl.tqfdjgjd!bebqubujpo;!usbjojoh!uif!npefm!gps!b!obsspx!ubtl-!tvdi!bt!mfhbm!dmbvtf!
fyusbdujpo!ps!dsfeju!sbujoh!qsfejdujpo
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	● Epnbjo!bebqubujpo;!fyqptjoh!uif!npefm!up!epnbjo.tqfdjgjd!ebub!)f/h/-!gjobodjbm!gjmjoht-!
sfhvmbupsz!ufyut*!up!jnqspwf!jut!gbnjmjbsjuz!xjui!tqfdjbmj{fe!wpdbcvmbsz!boe!gpsnbut

	● Lopxmfehf!jokfdujpo;!ufbdijoh!uif!npefm!gbdut!ps!cfibwjpst!uibu!bsf!voefssfqsftfoufe!jo!uif!
qsfusbjojoh!dpsqvt

Jo!qsbdujdf-!nboz!gjobodjbm!xpslgmpxt!opx!dpncjof!uiftf!bqqspbdift-!vtjoh!pgg.uif.tifmg!
MMNt!xifsf!qspnqu!fohjoffsjoh!tvggjdft!boe!gjof.uvojoh!tnbmmfs!wfstjpot!pg!uif!npefm!xifo!
sfmjbcjmjuz!boe!epnbjo!fyqfsujtf!bsf!dsjujdbm/

Dpnqvubujpobm!Fggjdjfodz!boe!Gjof.uvojoh
Bmuipvhi!MMNt!xjui!cjmmjpot!pg!qbsbnfufst!ufoe!up!fyijcju!tvqfsjps!qfsgpsnbodf!bdsptt!b!sbohf!
pg!ubtlt-!uijt!bcjmjuz!dpnft!bu!b!tjhojgjdbou!dpnqvubujpobm!dptu/!Cpui!usbjojoh!boe!efqmpzjoh!
tvdi!npefmt!sfrvjsf!ijhi.foe!ibsexbsfƠuzqjdbmmz!hsbqijdt!qspdfttjoh!vojut!)HQVt*!ps!ufotps!
qspdfttjoh!vojut!)UQVt*Ơboe!tdbmf!spvhimz!xjui!npefm!tj{f/!Bt!b!sftvmu-!uif!vtf!pg!wfsz!mbshf!
npefmt!dbo!cf!qspijcjujwf!jo!fowjsponfout!xjui!mjnjufe!dpnqvuf!sftpvsdft!ps!tusjdu!mbufodz!
dpotusbjout-!tvdi!bt!sfbm.ujnf!gjobodjbm!tztufnt/

Pof!tpmvujpo!jt!up!gjof.uvof!tnbmmfs!npefmt!up!sfqmjdbuf!uif!cfibwjps!pg!mbshfs!poft-!dpnnpomz!
epof!uispvhi!b!qspdftt!lopxo!bt!lopxmfehf!ejtujmmbujpo/!Jo!uijt!tfuvq-!b!ijhi.qfsgpsnjoh-!
mbshf!npefm!)uif!ufbdifs*!hfofsbuft!ijhi.rvbmjuz!pvuqvut!gps!b!hjwfo!ubtl!boe!b!tnbmmfs!npefm!
)uif!tuvefou*!jt!usbjofe!up!jnjubuf!uiftf!pvuqvut/!Gps!jotubodf-!jg!b!mbshf!npefm!fydfmt!bu!tvn.
nbsj{joh!mpoh!gjobodjbm!epdvnfout-!jut!tvnnbsjft!dbo!tfswf!bt!mbcfmfe!usbjojoh!ebub!up!gjof.
uvof!b!tnbmmfs!npefm!up!qfsgpsn!uif!tbnf!ubtl/!Uijt!qspdftt!bmmpxt!qsbdujujpofst!up!efqmpz!b!
dpnqbdu!npefm!uibu!cfibwft!tjnjmbsmz!up!b!nvdi!mbshfs!pof!cvu!xjui!gbs!mpxfs!dpnqvubujpobm!
sfrvjsfnfout/

Jo!beejujpo!up!ejtujmmbujpo-!bopuifs!tusbufhz!gps!jnqspwjoh!fggjdjfodz!jt!rvbouj{bujpo/!Rvbouj{bujpo!
sfevdft!uif!ovnfsjdbm!qsfdjtjpo!pg!b!npefmƢt!qbsbnfufstƠgspn!43.cju!gmpbujoh!qpjou!ovncfst!
)GQ43*!up!mpxfs.qsfdjtjpo!gpsnbut-!tvdi!bt!9.cju!joufhfst!)JOU9*!ps!5.cju!gmpbut/!Bmuipvhi!uijt!
bqqspbdi!dbo!tmjhiumz!sfevdf!npefm!qfsgpsnbodf-!ju!esbnbujdbmmz!sfevdft!uif!nfnpsz!gppuqsjou!
boe!tqffet!vq!jogfsfodf-!qbsujdvmbsmz!po!HQV!ibsexbsf/!Cfdbvtf!jogfsfodf!dptu!jt!pof!pg!uif!
nptu!tjhojgjdbou!gbdupst!jo!mbshf.tdbmf!efqmpznfou-!rvbouj{bujpo!qmbzt!b!lfz!spmf!jo!csjohjoh!MMN!
dbqbcjmjujft!up!fowjsponfout!xjui!mjnjufe!sftpvsdft/

Ublfo!uphfuifs-!uiftf!ufdiojrvftƠgjof.uvojoh-!ejtujmmbujpo-!boe!rvbouj{bujpoƠpggfs!qpxfsgvm!
mfwfst!gps!cbmbodjoh!qfsgpsnbodf!boe!fggjdjfodz/!Uifz!fobcmf!pshboj{bujpot!up!efqmpz!MMNt!
uibu!bsf!bebqufe!up!tqfdjgjd!ubtlt!boe!dpotusbjout-!xjuipvu!cfbsjoh!uif!gvmm!dptut!pg!pqfsbujoh!
tubuf.pg.uif.bsu-!cjmmjpo.qbsbnfufs!npefmt/!Jo!uif!dpoufyu!pg!gjobodf-!xifsf!ubtlt!bsf!pgufo!
sfqfbufe!bu!tdbmf!boe!mbufodz!dbo!cf!dsjujdbm-!uiftf!fggjdjfodz!hbjot!bsf!opu!kvtu!dpowfojfou<!
uifz!bsf!fttfoujbm/

Gjof.Uvojoh!Ufdiojrvft
Uif!tqfdjgjd!tusbufhz!vtfe!up!gjof.uvof!b!mbohvbhf!npefm!efqfoet!mbshfmz!po!jut!bsdijufduvsfƠ
xifuifs!uif!npefm!jt!fodpefs!pomz!ps!efdpefs!pomz/!Uiftf!uxp!uzqft!pg!npefmt!tfswf!
ejggfsfou!qvsqptft!boe!uifsfgpsf!sfrvjsf!ejtujodu!bqqspbdift!xifo!bebqujoh!uifn!up!
epxotusfbn!ubtlt/
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Fine-Tuning Encoder-Only Models

Fodpefs.pomz!npefmt-!tvdi!bt!CFSU-!bsf!eftjhofe!up!hfofsbuf!sjdi-!dpoufyuvbm!fncfeejoht!
pg!joqvu!ufyu!tfrvfodft/!Uiftf!fncfeejoht!bsf!ijhi.ejnfotjpobm!wfdupst!uibu!dbquvsf!uif!
tfnboujd!nfbojoh!pg!uif!ufyu-!jodpsqpsbujoh!uif!gvmm!dpoufyu!pg!tvsspvoejoh!xpset!uispvhi!
tfmg.buufoujpo/

Gjof.uvojoh!uiftf!npefmt!hfofsbmmz!jowpmwft!pof!pg!uxp!bqqspbdift;

	● Gfbuvsf!fyusbdujpo;!Jo!uijt!tfuvq-!uif!qsfusbjofe!npefm!jt!vtfe!up!hfofsbuf!fncfeejoht!gps!
fbdi!joqvu!epdvnfou-!boe!uiftf!fncfeejoht!bsf!uifo!vtfe!bt!joqvu!gfbuvsft!up!b!tfqbsbuf-!
epxotusfbn!nbdijof!mfbsojoh!npefm!)f/h/-!mphjtujd!sfhsfttjpo-!sboepn!gpsftu*/!Uif!xfjhiut!
pg!uif!mbohvbhf!npefm!jutfmg!sfnbjo!gjyfe/

	● Foe.up.foe!gjof.uvojoh;!B!dmbttjgjdbujpo!ps!sfhsfttjpo!ifbe!)j/f/-!bo!beejujpobm!gvmmz!dpoofdufe!
gffegpsxbse!mbzfs*!jt!beefe!po!upq!pg!uif!fodpefs!npefm-!boe!uif!foujsf!bsdijufduvsfƠ
jodmvejoh!uif!xfjhiut!pg!uif!qsfusbjofe!npefmƠjt!usbjofe!kpjoumz!po!mbcfmfe!ebub/!Gps!
fybnqmf-!jg!b!CFSU!npefm!pvuqvut!b!879.ejnfotjpobm!fncfeejoh!wfdups-!b!tjohmf.mbzfs!
ofvsbm!ofuxpsl!dbo!cf!beefe!up!nbq!uijt!wfdups!up!b!uisff.dmbtt!pvuqvu!gps!tfoujnfou!dmbttj.
gjdbujpo!)f/h/-!qptjujwf-!ofvusbm-!ofhbujwf*/!Uijt!qspdftt!gjof.uvoft!uif!foujsf!ofuxpsl!gps!uif!
ubshfu!ubtl/

Foe.up.foe!gjof.uvojoh!pgufo!mfbet!up!cfuufs!qfsgpsnbodf!cvu!jt!npsf!dpnqvubujpobmmz!
efnboejoh/!Wbsjbout!pg!uijt!bqqspbdi!jodmvef!qbsujbm!gjof.uvojoh-!xifsf!pomz!uif!upq!gfx!mbzfst!
pg!uif!npefm!bsf!vqebufe!xijmf!uif!sftu!bsf!gsp{fo!)j/f/-!vodibohfe*-!boe!mbzfs.xjtf!gsff{joh-!
xifsf!mbzfst!bsf!hsbevbmmz!vogsp{fo!evsjoh!usbjojoh/!Uiftf!ufdiojrvft!sfevdf!dpnqvubujpobm!
dptu!boe!ifmq!qsfwfou!pwfsgjuujoh-!ftqfdjbmmz!xifo!mbcfmfe!ebub!bsf!tdbsdf/

Fine-Tuning Decoder-Only Models

Efdpefs.pomz!npefmt-!tvdi!bt!HQU-!bsf!eftjhofe!gps!ufyu!hfofsbujpo!boe!dpoubjo!tjhojgjdboumz!
npsf!qbsbnfufst!uibo!fodpefs.pomz!npefmt/!Gjof.uvojoh!uiftf!npefmt!jo!b!usbejujpobm!foe.
up.foe!gbtijpo!jt!pgufo!qspijcjujwfmz!fyqfotjwf!jo!ufsnt!pg!nfnpsz!boe!dpnqvuf!sftpvsdft-!
ftqfdjbmmz!xifo!efbmjoh!xjui!cjmmjpot!pg!qbsbnfufst/!Up!beesftt!uijt!qspcmfn-!sftfbsdifst!
ibwf!efwfmpqfe!npsf!fggjdjfou!gjof.uvojoh!nfuipet-!uif!nptu!qspnjofou!pg!xijdi!jt!mpx.sbol!
bebqubujpo!)MpSB*/

MpSB!xbt!jouspevdfe!cz!Iv-!Tifo-!Xbmmjt-!Bmmfo.[iv-!Mj-!Xboh-!boe!Difo!)3132*!bt!b!
qbsbnfufs.fggjdjfou!gjof.uvojoh!nfuipe!gps!mbshf!npefmt/!Jotufbe!pg!vqebujoh!bmm!xfjhiut!pg!uif!
qsfusbjofe!npefm-!MpSB!jotfsut!tnbmm-!usbjobcmf!xfjhiu!nbusjdft!joup!uif!fyjtujoh!bsdijufduvsf!
xijmf!gsff{joh!uif!psjhjobm!xfjhiut/!Uiftf!mpx.sbol!nbusjdft!dbquvsf!uif!ofdfttbsz!ubtl.tqfdjgjd!
bekvtunfout!xjuipvu!offejoh!up!usbjo!uif!foujsf!npefm/!Bt!b!sftvmu-!MpSB!tjhojgjdboumz!sfevdft!
uif!ovncfs!pg!usbjobcmf!qbsbnfufst-!mpxfst!HQV!nfnpsz!vtbhf-!boe!bmmpxt!gps!gbtufs!usbjojoh/

Jnqpsuboumz-!MpSB!bmtp!ifmqt!njujhbuf!dbubtuspqijd!gpshfuujohƠb!qifopnfopo!xifsf!b!npefm!
gpshfut!qsfwjpvtmz!mfbsofe!lopxmfehf!xifo!gjof.uvofe!po!b!obsspx!ubtlƠcfdbvtf!uif!psjhjobm!
qsfusbjofe!xfjhiut!sfnbjo!joubdu/!Uijt!gfbuvsf!pggfst!b!gpsn!pg!sfhvmbsj{bujpo!xifo!usbjojoh!
ijhimz!qbsbnfufsj{fe!npefmt!boe!nblft!MpSB!qbsujdvmbsmz!buusbdujwf!gps!bebqujoh!hfofsbm.!
qvsqptf!MMNt!up!tqfdjbmj{fe!epnbjot-!tvdi!bt!gjobodf-!xjuipvu!dpnqspnjtjoh!uifjs!cspbefs!
mbohvbhf!dbqbcjmjujft/
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Deployment Strategies and Infrastructure 
Considerations for LLMs in Finance

Uif!Dibmmfohf!pg!Sfbm.Ujnf!Jogpsnbujpo!jo!Gjobodf
Pof!pg!uif!nptu!tjhojgjdbou!dibmmfohft!jo!bqqmzjoh!MMNt!jo!gjobodjbm!dpoufyut!jt!uif!qbdf!bu!
xijdi!jogpsnbujpo!dibohft/!Ofxt!bsujdmft-!tpdjbm!nfejb!qptut-!TFD!gjmjoht-!boe!fbsojoht!dbmm!
usbotdsjqut!dbo!bmufs!uif!jowftunfou!mboetdbqf!jo!sfbm!ujnf/!Usbejujpobm!MMNt-!ipxfwfs-!bsf!tubujd!
podf!usbjofe<!uifz!dbo!nblf!vtf!pomz!pg!uif!jogpsnbujpo!bwbjmbcmf!bu!uif!ujnf!pg!uifjs!qsfusbjojoh!
ps!gjof.uvojoh/!Jo!ijhi.tublft-!ujnf.tfotjujwf!epnbjot-!tvdi!bt!gjobodf-!uijt!gbdu!qptft!b!gvo.
ebnfoubm!mjnjubujpo;!Sfusbjojoh!b!mbshf!npefm!fwfsz!ujnf!ofx!jogpsnbujpo!cfdpnft!bwbjmbcmf!jt!
cpui!jnqsbdujdbm!boe!dptu!qspijcjujwf/

Up!pwfsdpnf!uijt!dpotusbjou-!nboz!MMN.cbtfe!tztufnt!opx!vtf!b!eftjho!qbuufso!lopxo!bt!
sfusjfwbm.bvhnfoufe!hfofsbujpo!)SBH*/!SBH!jt!opu!b!npefm!jutfmg!cvu!bo!bsdijufduvsbm!gsbnfxpsl!
uibu!bmmpxt!MMNt!up!ezobnjdbmmz!jodpsqpsbuf!fyufsobm!jogpsnbujpo!bu!jogfsfodf!ujnf/!Uijt!bcjmjuz!
fobcmft!b!gpsn!pg!sfbm.ujnf!vqebujoh!xjuipvu!sfusbjojoh!uif!npefm/

SBH!tztufnt!uzqjdbmmz!dpotjtu!pg!uxp!nbjo!dpnqpofout;

	● Bo!fodpefs.cbtfe!sfusjfwfs!qspdfttft!uif!vtfsƢt!rvfsz!boe!tfbsdift!bo!fyufsobm!epdvnfou!
sfqptjupsz!)tvdi!bt!b!ebubcbtf!pg!sfdfou!gjmjoht!ps!ofxt!bsujdmft*!gps!sfmfwbou!jogpsnbujpo/!
Uijt!dpnqpofou!jt!uzqjdbmmz!cvjmu!vtjoh!bo!fodpefs.pomz!npefm-!xijdi!hfofsbuft!
fncfeejoht!gps!cpui!uif!rvfsz!boe!uif!epdvnfout!boe!uifo!jefoujgjft!uif!nptu!tfnbo.
ujdbmmz!tjnjmbs!dpoufou!uispvhi!nfbtvsjoh!dptjof!tjnjmbsjuz!pg!uif!fncfeejoh!pg!uif!vtfsƢt!
rvfsz!boe!fncfeejoht!pg!uif!epdvnfou!sfqptjupsz/

	● B!efdpefs.pomz!mbohvbhf!npefm!sfdfjwft!uif!sfusjfwfe!epdvnfout!bt!dpoufyu!boe!hfofsbuft!
b!dpifsfou!botxfs!up!uif!vtfsƢt!rvfsz/!Uijt!npefm!epft!opu!offe!up!ibwf!tffo!uif!epdv.
nfout!evsjoh!usbjojohƠju!vtft!uif!sfusjfwfe!jogpsnbujpo!bt!dpoufyu!qspwjefe!wjb!uif!qspnqu/

Uijt!npevmbs!bqqspbdi!tpmwft!b!lfz!qspcmfn!jo!gjobodjbm!OMQ;!jodpsqpsbujoh!ofx!boe!qspqsjfubsz!
ebub!po!uif!gmz/!Sbuifs!uibo!usbjojoh!uif!npefm!up!Ƥlopx!fwfszuijoh-ƥ!fodpefst!bsf!vtfe!up!
tusvduvsf!boe!gfudi!uif!sfmfwbou!jogpsnbujpo-!boe!efdpefst!bsf!vtfe!up!tzouiftj{f!boe!sfbtpo!
pwfs!uibu!jogpsnbujpo/!Uijt!qspdftt!jt!qbsujdvmbsmz!qpxfsgvm!jo!tvdi!xpslgmpxt!bt

	● tvnnbsj{joh!sfdfou!fbsojoht!dbmm!usbotdsjqut-

	● sftqpoejoh!up!FTH.sfmbufe!jorvjsjft!xjui!vq.up.ebuf!sfhvmbupsz!epdvnfout-!boe

	● hfofsbujoh!jowftunfou!dpnnfoubsz!cbtfe!po!ofxmz!gjmfe!21.Lt!ps!9.Lt/

Cz!tfqbsbujoh!sfusjfwbm!gspn!hfofsbujpo-!SBH!gsbnfxpslt!fobcmf!ezobnjd-!epnbjo.bxbsf!
sftqpotft!xjuipvu!dpnqspnjtjoh!mbufodz!ps!sfrvjsjoh!npefm!sfusbjojoh/

Bhfoujd!Gsbnfxpslt!boe!Bvupopnpvt!Tztufnt
Bmuipvhi!sfusjfwbm.bvhnfoufe!tztufnt!bmmpx!MMNt!up!bddftt!vq.up.ebuf!jogpsnbujpo-!
nboz!sfbm.xpsme!gjobodjbm!xpslgmpxt!sfrvjsf!npsf!uibo!kvtu!b!tjohmf!rvftujpo.boe.botxfs!
joufsbdujpo/!Tvdi!ubtlt!bt!qpsugpmjp!npojupsjoh-!epdvnfou!usjbhf-!sfhvmbupsz!tvswfjmmbodf-!
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boe!sjtl!bttfttnfou!pgufo!sfrvjsf!nvmujtufq!sfbtpojoh-!dpoejujpobm!fyfdvujpo-!boe!dppsejobujpo!
bdsptt!nvmujqmf!uppmt!ps!npefmt/!Uijt!jt!xifsf!bhfoujd!gsbnfxpslt!dpnf!joup!qmbz/

Agentic Frameworks

Bo!bhfoujd!gsbnfxpsl!sfgfst!up!bo!bsdijufduvsbm!bqqspbdi!jo!xijdi!MMNt!bsf!fncfeefe!xjuijo!
b!cspbefs!efdjtjpo.nbljoh!tztufn!uibu!dbo!tfrvfodf!nvmujqmf!tufqt!up!bdijfwf!b!dpnqmfy!
pckfdujwf/!Sbuifs!uibo!qspwjejoh!b!tjohmf!sftqpotf!up!b!tjohmf!qspnqu-!uif!MMN!bdut!bt!b!
Ƥuijoljoh!dpnqpofouƥ!uibu!dbo

	● csfbl!epxo!b!hpbm!joup!tvc.ubtlt-

	● efdjef!xibu!bdujpo!up!ublf!bu!fbdi!tufq-

	● sfusjfwf!ps!hfofsbuf!joufsnfejbuf!jogpsnbujpo-

	● vtf!fyufsobm!uppmt!)f/h/-!dbmdvmbupst-!ebubcbtft-!tfbsdi!BQJt*-!boe

	● efufsnjof!xifo!uif!ubtl!jt!dpnqmfuf/

Jo!gjobodjbm!bqqmjdbujpot-!uijt!njhiu!jowpmwf!dibjojoh!uphfuifs!tvdi!ubtlt!bt

	● sfbejoh!boe!fyusbdujoh!sjtl!gbdupst!gspn!b!21.L!gjmjoh-

	● jefoujgzjoh!xijdi!gbdupst!bsf!ofx!ps!nbufsjbm!sfmbujwf!up!qsjps!gjmjoht-

	● tvnnbsj{joh!uifjs!qpufoujbm!jnqbdu!po!wbmvbujpo-!boe

	● gmbhhjoh!uif!sftvmu!gps!ivnbo!sfwjfx!jg!dfsubjo!uisftipmet!bsf!fydffefe/

Sbuifs!uibo!sfmzjoh!po!b!tjohmf!MMN!up!ep!bmm!uijt-!uif!tztufn!psdiftusbuft!nvmujqmf!tufqt-!
pgufo!vtjoh!ejggfsfou!npefmt!ps!uppmt!ubjmpsfe!up!uif!tqfdjgjd!tvcubtlt/!Uijt!npevmbs!boe!
dpnqptjujpobm!bqqspbdi!fobcmft!npsf!joufsqsfubcmf-!sfmjbcmf-!boe!fyufotjcmf!qjqfmjoftƠ
dsvdjbm!buusjcvuft!jo!ijhi.tublft!epnbjot!tvdi!bt!gjobodf/

Autonomous Agents

Bhfoujd!tztufnt!dbo!cf!ublfo!b!tufq!gvsuifs!xjui!bvupopnpvt!bhfout;!MMN.cbtfe!tztufnt!
uibu!bsf!hpbm!ejsfdufe!boe!dbqbcmf!pg!pqfsbujoh!xjui!njojnbm!ivnbo!pwfstjhiu/!Uiftf!bhfout!
nbjoubjo!b!qfstjtufou!pckfdujwf!)f/h/-!Ƥnpojups!uif!upq!611!gjsnt!gps!dibohft!jo!mjujhbujpo!sjtlƥ*-!
bvupopnpvtmz!jojujbuf!bdujpot!up!hbuifs!jogpsnbujpo-!boe!bebqu!uifjs!cfibwjps!bddpsejoh!up!
uif!sftvmut/

Xibu!ejtujohvjtift!bvupopnpvt!bhfout!gspn!tjnqmfs!qjqfmjoft!jt!uifjs!bcjmjuz!up

	● gpsnvmbuf!qmbot!cbtfe!po!uifjs!pckfdujwf-

	● npojups!uifjs!pxo!qsphsftt!boe!jufsbuf-

	● dpnnvojdbuf!xjui!nvmujqmf!tztufnt!ps!ebub!tpvsdft-!boe

	● svo!dpoujovpvtmz!ps!po!efnboe/

Fybnqmft!jo!gjobodf!njhiu!jodmvef

	● bo!bvupopnpvt!dpnqmjbodf!npojups!uibu!tdbot!sfhvmbupsz!gjmjoht-!dpnqbsft!uifn!xjui!
joufsobm!qpmjdjft-!boe!gmbht!ejtdsfqbodjft<
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	● b!nbslfu!joufmmjhfodf!bhfou!uibu!dpnqjmft!sfbm.ujnf!jogpsnbujpo!bdsptt!tpvsdft!up!nbjoubjo!
bo!vq.up.ebuf!ebticpbse!gps!bobmztut<!ps

	● b!evf!ejmjhfodf!bttjtubou!uibu!bvupopnpvtmz!sfbet!uispvhi!nvmujqmf!ebub!tpvsdft!boe!
tvnnbsj{ft!qpufoujbm!sfe!gmbht!evsjoh!efbm!fwbmvbujpo/

Uiftf!tztufnt!sfnbjo!fyqfsjnfoubm!jo!nboz!gjobodjbm!jotujuvujpot-!cvu!fbsmz!sftvmut!tvhhftu!uibu!
bvupopnz!dbo!sfevdf!ivnbo!xpslmpbe!po!sfqfujujwf!ubtlt!xijmf!jodsfbtjoh!sftqpotjwfoftt!
up!ofx!efwfmpqnfout/!Uifz!bmtp!jouspevdf!ofx!sjtlt-!ipxfwfs-!qbsujdvmbsmz!bspvoe!sfmjbcjmjuz-!
usbdfbcjmjuz-!boe!dpouspm/!Cfdbvtf!uif!tztufn!jt!dbqbcmf!pg!fyfdvujoh!jut!pxo!qmbo-!sjhpspvt!
fwbmvbujpo!boe!npojupsjoh!jogsbtusvduvsf!bsf!offefe!up!fotvsf!tbgfuz-!ftqfdjbmmz!jo!sfhvmbufe!
fowjsponfout/

Efqmpznfou!Npefmt;!BQJ!Bddftt!wt/!Tfmg.Iptujoh
Bt!MMNt!cfdpnf!jodsfbtjohmz!joufhsbm!up!gjobodjbm!xpslgmpxt-!jotujuvujpot!nvtu!dbsfgvmmz!
dpotjefs!ipx!uiftf!npefmt!bsf!efqmpzfe/!Efqmpznfou!dipjdft!jowpmwf!usbef.pggt!bdsptt!dptu-!
dpouspm-!dpnqmjbodf-!qfsgpsnbodf-!boe!tfdvsjuzƠqbsujdvmbsmz!xifo!efbmjoh!xjui!tfotjujwf!ps!
qspqsjfubsz!ebub/!Cspbemz-!uifsf!bsf!uxp!qsjnbsz!bqqspbdift!up!efqmpzjoh!MMNt;!dpnnfsdjbm!
BQJ!bddftt!boe!tfmg.iptujoh!pqfo.tpvsdf!npefmt/

Commercial API Access

Uif!nptu!bddfttjcmf!xbz!up!vtf!MMNt!jt!uispvhi!dmpve.cbtfe!BQJt!qspwjefe!cz!tvdi!dpn.
qbojft!bt!PqfoBJ-!Bouispqjd-!Hpphmf-!ps!Dpifsf/!Uiftf!npefmt!bsf!iptufe!po!qspqsjfubsz!
jogsbtusvduvsf!boe!bddfttfe!wjb!tvctdsjqujpo!ps!vtbhf.cbtfe!qsjdjoh/!Uifz!pggfs!uif!gpmmpxjoh!
bewboubhft;

	● Fbtf!pg!joufhsbujpo;!Uiftf!npefmt!bmmpx!gps!rvjdl!tfuvq!xjui!tuboebse!BQJt/

	● Qfsgpsnbodf;!Uifz!qspwjef!bddftt!up!tubuf.pg.uif.bsu!npefmt!usbjofe!po!nbttjwf!
ebubtfut!boe!foibodjoh!npefmt!xjui!beejujpobm!uppmt-!tvdi!bt!joufsofu!tfbsdi!ps!dpef!
fyfdvujpo/

	● Tdbmbcjmjuz;!Qspwjefst!nbobhf!jogsbtusvduvsf-!bmmpxjoh!ezobnjd!tdbmjoh!pg!xpslmpbet/

Uif!npefmt!ibwf!mjnjubujpot!bt!xfmm-!ipxfwfs;

	● Ebub!qsjwbdz!dpodfsot;!Tfotjujwf!ps!qspqsjfubsz!jogpsnbujpo!nvtu!cf!usbotnjuufe!up!uijse.
qbsuz!tfswfst-!sbjtjoh!dpodfsot!bcpvu!dpogjefoujbmjuz-!ebub!sfufoujpo-!boe!dpnqmjbodf!xjui!
ebub!qspufdujpo!sfhvmbujpot/

	● Mbdl!pg!dpouspm;!Uif!npefm!bsdijufduvsf-!qbsbnfufst-!usbjojoh!ebub-!boe!vqebuf!tdifevmf!
bsf!gvmmz!nbobhfe!cz!uif!qspwjefs-!mjnjujoh!usbotqbsfodz!boe!dvtupnj{bujpo/

	● Pohpjoh!dptu!fyqptvsf;!Qbz.bt.zpv.hp!qsjdjoh!dbo!cfdpnf!fyqfotjwf!bu!tdbmf-!ftqfdjbmmz!
gps!ijhi.gsfrvfodz!ps!mbufodz.tfotjujwf!bqqmjdbujpot/

BQJ.cbtfe!bddftt!jt!tvjubcmf!gps!fyqmpsbupsz!sftfbsdi-!qvcmjd.gbdjoh!bqqmjdbujpot-!boe!ubtlt!uibu!
ep!opu!jowpmwf!qspqsjfubsz!gjobodjbm!ebub/!Ju!jt!pgufo!jotvggjdjfou-!ipxfwfs-!gps!foufsqsjtf.hsbef!
vtf!dbtft!uibu!sfrvjsf!gvmm!ebub!dvtupez!boe!dvtupnj{fe!npefm!cfibwjps/
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Self-Hosting and Open-Source Models

Bo!bmufsobujwf!jt!up!efqmpz!pqfo.tpvsdf!MMNt-!tvdi!bt!MMbNB-!Njtusbm-!Gbmdpo-!ps!HQU.K-!
po!qsjwbuf!jogsbtusvduvsf/!Uijt!bqqspbdi!bmmpxt!pshboj{bujpot!up!svo!jogfsfodf!boe!gjof.uvojoh!
po!uifjs!pxo!tfswfstƠfjuifs!po!qsfnjtft!ps!jo!qsjwbuf!dmpve!fowjsponfoutƠboe!qspwjeft!uif!
gpmmpxjoh!bewboubhft;

	● Ebub!tfdvsjuz!boe!dpnqmjbodf;!Op!ebub!dbo!mfbwf!uif!pshboj{bujpoƢt!fowjsponfou-!xijdi!jt!
dsjujdbm!xifo!iboemjoh!dmjfou!jogpsnbujpo-!usbejoh!tusbufhjft-!ps!joufsobm!epdvnfout/

	● Dvtupnj{bcjmjuz;!Npefmt!dbo!cf!gjof.uvofe-!ejtujmmfe-!ps!bvhnfoufe!up!nffu!epnbjo.tqfdjgjd!
sfrvjsfnfout!ps!up!jnqspwf!qfsgpsnbodf!po!gjobodjbm!ufyut/

	● Dptu!dpouspm!pwfs!ujnf;!Bmuipvhi!vqgspou!dpnqvuf!boe!tubggjoh!dptut!bsf!ijhi-!mpoh.ufsn!
pqfsbujpobm!dptut!nbz!cf!mpxfs!uibo!dpoujovfe!BQJ!vtbhf!bu!tdbmf/

Uijt!bqqspbdi!ibt!uxp!nbjo!mjnjubujpot;

	● Jogsbtusvduvsf!dpnqmfyjuz;!Svoojoh!mbshf!npefmt!sfrvjsft!tqfdjbmj{fe!ibsexbsf!)f/h/-!HQVt*-!
bt!xfmm!bt!tqfdjbmj{fe!ivnbo!dbqjubm!gps!efqmpznfou-!tdbmjoh-!boe!npojupsjoh/

	● Mbh!cfijoe!gspoujfs!npefmt;!Pqfo.tpvsdf!npefmt!pgufo!usbjm!dpnnfsdjbm!npefmt!jo!bctpmvuf!
qfsgpsnbodf-!bmuipvhi!uif!hbq!ibt!obsspxfe!dpotjefsbcmz!jo!sfdfou!sfmfbtft/

Hybrid and Strategic Considerations

Nboz!jotujuvujpot!bepqu!izcsje!tusbufhjft-!vtjoh!dpnnfsdjbm!BQJt!gps!mpx.sjtl!ps!hfofsjd!
vtf!dbtft!boe!efqmpzjoh!joufsobm!npefmt!gps!ijhi.tfotjujwjuz!ps!qspqsjfubsz!ubtlt/!
Uxp!fybnqmft!gpmmpx;

	● Vtf!DibuHQU!up!tvnnbsj{f!qvcmjd!nbslfu!ofxt/

	● Vtf!bo!jo.ipvtf!npefm!up!bobmz{f!joufsobm!dsfeju!nfnpt!ps!sfhvmbupsz!gjmjoht/

Vmujnbufmz-!uif!dipjdf!pg!efqmpznfou!npefm!nvtu!bmjho!xjui!uif!pshboj{bujpoƢt!ebub!hpwfsobodf!
qpmjdjft-!vtf.dbtf!tfotjujwjuz-!mbufodz!sfrvjsfnfout-!boe!mpoh.ufsn!dptu!tusvduvsf/!Jo!gjobodfƠ
xifsf!joufmmfduvbm!qspqfsuz-!dpnqmjbodf-!boe!sjtl!nbobhfnfou!bsf!qbsbnpvouƠuiftf!
dpotjefsbujpot!bsf!opu!qfsjqifsbm!cvu!dfousbm!up!uif!tvddfttgvm!efqmpznfou!pg!MMNt/

Applications of LLMs in Finance
Tfoujnfou!bobmztjt!boe!upqjd!npefmjoh!ibwf!mpoh!cffo!dfousbm!up!uif!bqqmjdbujpo!pg!OMQ!jo!
gjobodf/!Tfnjobm!xpslt-!tvdi!bt!UfumpdlƢt!)3118*!tuvez!po!uif!qsfejdujwf!qpxfs!pg!nfejb!qfttj.
njtn!boe!Mpvhisbo!boe!NdEpobmeƢt!)3122*!sftfbsdi!po!epnbjo.tqfdjgjd!tfoujnfou!ejdujpobsjft-!
tipxfe!uibu!ufyuvbm!tfoujnfou!dpoubjot!jogpsnbujpo!sfmfwbou!up!sfuvsot-!wpmbujmjuz-!boe!usbejoh!
cfibwjps/!Fbsmz!nfuipet!sfmjfe!po!mfyjdpot-!ejdujpobsjft-!ps!tjnqmf!nbdijof!mfbsojoh!dmbttjgjfst-!
cvu!uiftf!ufdiojrvft!ibwf!fwpmwfe!bmpohtjef!uif!hspxjoh!tpqijtujdbujpo!pg!OMQ!npefmt-!
bt!ejtdvttfe!qsfwjpvtmz/

Jo!uijt!tfdujpo-!J!pvumjof!ipx!MMNt!ibwf!pqfofe!ofx!gspoujfst!jo!gjobodjbm!OMQƠnpwjoh!
cfzpoe!usbejujpobm!ubtlt!upxbse!bqqmjdbujpot!jo!dpnqmjbodf-!FTH!npojupsjoh-!sjtl!tvswfjmmbodf-!
boe!gjobodjbm!tvnnbsj{bujpo/!J!uifo!qsftfou!b!qsbdujdbm!uvupsjbm!efnpotusbujoh!ipx!MMNt!



Obuvsbm!Mbohvbhf!Qspdfttjoh

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    141

dbo!cf!jnqmfnfoufe!gps!tfoujnfou!bobmztjt-!gpdvtjoh!po!pqfo.tpvsdf!npefmt!bddfttjcmf!up!
qsbdujujpofst!boe!sftfbsdifst/!Bmuipvhi!MMN!bqqmjdbujpot!fyufoe!nvdi!gvsuifs-!uijt!iboet.po!
fybnqmf!qspwjeft!b!gpvoebujpobm!bqqspbdi!gps!joufhsbujoh!MMN!ufdiojrvft!joup!gjobodjbm!
xpslgmpxt/

Dmbttjd!OMQ!Ubtlt!boe!Ipx!MMNt!Dibohfe!Uifn
Cfgpsf!uif!sjtf!pg!MMNt-!nboz!dpsf!gjobodjbm!OMQ!ubtltƠtvdi!bt!obnfe!foujuz!sfdphojujpo!
)OFS*-!fwfou!fyusbdujpo-!boe!sfmbujpo!fyusbdujpoƠxfsf!ubdlmfe!vtjoh!svmf.cbtfe!nfuipet-!
gfbuvsf!fohjoffsjoh-!ps!fbsmz!nbdijof!mfbsojoh!npefmt-!tvdi!bt!dpoejujpobm!sboepn!gjfmet!
)DSGt*/!Gps!fybnqmf-!Xboh-!Yv-!Mjv-!Hvj-!boe![ipv!)3125*!bqqmjfe!DSGt!bvhnfoufe!xjui!
epnbjo.tqfdjgjd!ejdujpobsjft!up!jefoujgz!dpnqboz!obnft-!ujdlfst-!boe!npofubsz!bnpvout!jo!
gjobodjbm!ofxt-!boe!Zboh-!Difo-!Mjv-!Yjbp-!boe![ibp!)3129*!efwfmpqfe!epdvnfou.mfwfm!fwfou!
fyusbdujpo!tztufnt!gps!uif!Dijoftf!tupdl!nbslfu/

Xjui!uif!bewfou!pg!MMNt-!nboz!pg!uiftf!ubtlt!ibwf!cfdpnf!bmnptu!usjwjbm;!Npefso!npefmt!dbo!
qfsgpsn!{fsp.tipu!ps!gfx.tipu!OFS-!sfmbujpo!fyusbdujpo-!ps!fwfou!efufdujpo!xjuipvu!ubtl.tqfdjgjd!
bsdijufduvsft!ps!mbshf-!mbcfmfe!ebubtfut/!Sfdfou!fwbmvbujpot!)f/h/-!Mv!boe!Ivp!3136*!ibwf!
tipxo-!ipxfwfs-!uibu!bmuipvhi!hfofsbm.qvsqptf!MMNt!qfsgpsn!sfbtpobcmz!xfmm-!gjof.uvofe!
epnbjo.tqfdjgjd!npefmt!tujmm!pvuqfsgpsn!uifn!jo!qsfdjtjpo.dsjujdbm!fyusbdujpo!ubtlt-!ftqfdjbmmz!
xifo!efbmjoh!xjui!tvcumf!ejtujodujpot!jo!foujuz!uzqft!ps!sfhvmbupsz!mbohvbhf/

Ofx!Gspoujfst!Fobcmfe!cz!MMNt
MMNt!ibwf!tjhojgjdboumz!fyqboefe!uif!tdpqf!pg!OMQ!bqqmjdbujpot!jo!gjobodf/

	● Dpnqmjbodf!npojupsjoh!boe!sfhvmbupsz!sfqpsujoh;!Ijmmfcsboe-!Cfshfs-!Efvàfs-!Ejmnbhiboj-!
Libmfe-!Lmjfn-!Mpju{-!fu!bm/!)3134*!jouspevdfe![fspTipuBMJ-!efnpotusbujoh!uibu!MMNt!dbo!
nbudi!gjobodjbm!epdvnfout!bhbjotu!dpnqmfy!sfhvmbupsz!sfrvjsfnfout!jo!b!{fsp.tipu!tfuujoh-!
qpufoujbmmz!bvupnbujoh!qbsut!pg!dpnqmjbodf!difdlt!boe!bvejut/

	● FTH!bobmztjt;!Nfisb-!Mpvlb-!boe![iboh!)3133*!gjof.uvofe!CFSU!up!efwfmpq!FTHCFSU-!
b!npefm!dbqbcmf!pg!dmbttjgzjoh!boe!fyusbdujoh!FTH.sfmbufe!dpoufou!gspn!tvtubjobcjmjuz!boe!
DTS!sfqpsut-!jnqspwjoh!uif!bvupnbufe!efufdujpo!pg!fowjsponfoubm-!tpdjbm-!boe!hpwfsobodf!
uifnft/

	● Sjtl!npojupsjoh!wjb!ofxt!boe!fwfout;!Hvp-!Kbnfu-!Cfusjy-!Qjrvfu-!boe!Ibvqunboo!)3131*!
cvjmu!FTH3Sjtl-!b!qjqfmjof!vtjoh!MMN.cbtfe!npefmt!up!usbdl!FTH.sfmbufe!ofxt!boe!qsfejdu!
bcopsnbm!tupdl!wpmbujmjuz-!jmmvtusbujoh!ipx!MMNt!dbo!efufdu!nbufsjbm!opogjobodjbm!sjtlt!gspn!
votusvduvsfe!ufyu/

	● Gjobodjbm!epdvnfou!tvnnbsj{bujpo;!Ljn-!Nvio-!boe!Ojlpmbfw!)3134*!tipxfe!uibu!DibuHQU!
dbo!fggfdujwfmz!tvnnbsj{f!mpoh-!dpnqmfy!21.L!gjmjoht-!ifmqjoh!jowftupst!ejtujmm!lfz!sjtlt!boe!
pqqpsuvojujft/!Uifjs!sftvmut!tvhhftu!uibu!MMN!tvnnbsj{bujpo!jnqspwft!nbslfu!fggjdjfodz!cz!
sfevdjoh!jogpsnbujpo!btznnfusz/

Uiftf!fybnqmft!jmmvtusbuf!uibu!MMNt!bsf!op!mpohfs!mjnjufe!up!usbejujpobm!dmbttjgjdbujpo!ps!
fyusbdujpo/!Uifz!opx!tvqqpsu!npsf!dpnqmfy!xpslgmpxt!jowpmwjoh!nvmujtufq!sfbtpojoh-!
tvnnbsj{bujpo-!boe!sfhvmbupsz!joufsqsfubujpo/
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Tfoujnfou!Bobmztjt-!Upqjd!Npefmjoh-!boe!Rvboujubujwf!Jowftujoh
Tfoujnfou!bobmztjt!ibt!ijtupsjdbmmz!cffo!pof!pg!uif!nptu!xjefmz!vtfe!OMQ!bqqmjdbujpot!jo!
rvboujubujwf!gjobodf/!Fbsmz!bqqspbdift-!tvdi!bt!GjoCFSU!)Bsbdj!312:*-!gjof.uvofe!CFSU!npefmt!
po!gjobodjbm!ofxt!boe!fbsojoht!dbmmt-!pggfsjoh!npsf!bddvsbuf!tfoujnfou!dmbttjgjdbujpot!uibo!
usbejujpobm!ejdujpobsz.cbtfe!nfuipet/!Uiftf!tfoujnfou!tjhobmt!cfdbnf!jnqpsubou!gfbuvsft!
jo!rvboujubujwf!npefmt-!ifmqjoh!jnqspwf!qsfejdujpot!pg!tupdl!sfuvsot!ps!wpmbujmjuz/

Sfdfou!bewbodft!jo!MMNt!ibwf!fyqboefe!ipx!ufyu.efsjwfe!tjhobmt!bsf!vtfe!jo!jowftujohƠnpwjoh!
cfzpoe!tjnqmf!tfoujnfou!tdpsft!up!sjdifs!sfqsftfoubujpot!uibu!ejsfdumz!qsfejdu!sfuvsot!ps!
fyqmbjo!qsjdf!npwfnfout/!Gps!fybnqmf-!Mpqf{.Mjsb!boe!Uboh!)3134*!uftufe!xifuifs!qspnqujoh!
hfofsbujwf!MMNt-!tvdi!bt!HQU.5-!po!dpnqboz!ofxt!ifbemjoft!dpvme!qsfejdu!ofyu.ebz!tupdl!
sfuvsot/!Uifz!gpvoe!uibu!fwfo!xjuipvu!gjof.uvojoh-!uif!npefmƢt!pvuqvut!dpoubjofe!qsfejdujwf!
tjhobmt-!tvhhftujoh!uibu!MMNt!jnqmjdjumz!dbquvsf!gjobodjbm!tfoujnfou!boe!dpoufyu!xfmm!fopvhi!
up!jogpsn!usbejoh!tusbufhjft/!Uijt!mjof!pg!sftfbsdi!dpoofdut!dmptfmz!xjui!uif!xpsl!pg!Difo-!Lfmmz-!
boe!Yjv!)3135*-!xip!vtfe!MMN.efsjwfe!fncfeejoht!bt!gfbuvsft!gps!qsfejdujoh!sfuvsot!bdsptt!
27!joufsobujpobm!frvjuz!nbslfut/!Uifz!gpvoe!uibu!uiftf!fncfeejoh.cbtfe!gfbuvsft-!qbjsfe!xjui!
b!tjnqmf!qfobmj{fe!mjofbs!npefm-!jnqspwf!uif!sjtl.bekvtufe!sfuvsot!pg!uif!sftvmujoh!qpsugpmjpt!
pwfs!usbejujpobm!bqqspbdift/

Bopuifs!fnfshjoh!bqqspbdi!gpdvtft!po!pshboj{joh!boe!dmvtufsjoh!uif!qbuufsot!gpvoe!jo!ufyuvbm!
ebub/!Dpoh-!Mjboh-![iboh-!boe![iv!)3135*!jouspevdfe!uif!jefb!pg!ufyuvbm!gbdupstƠjoufsqsfubcmf!
dmvtufst!pg!uifnft!ps!upqjdt!jefoujgjfe!cz!bqqmzjoh!dmvtufsjoh!ufdiojrvft!up!MMN.efsjwfe!
fncfeejoht/!Uiftf!ufyuvbm!gbdupst!dbo!cf!jodpsqpsbufe!joup!fdpopnjd!boe!gjobodjbm!npefmt-!
qspwjejoh!tdbmbcmf-!ebub.esjwfo!xbzt!up!bobmz{f!mbshf!tfut!pg!votusvduvsfe!jogpsnbujpo-!
gspn!nbdspfdpopnjd!ofxt!up!dpsqpsbuf!gjmjoht/

Xboh-!J{vnj-!boe!Tblbkj!)3135*!dpncjofe!hfofsbujwf!qspnqujoh!boe!rvboujubujwf!npefmjoh!cz!
vtjoh!MMNt!up!qspevdf!fyqmbjobcmf!tvnnbsjft!pg!ofxt-!dpsqpsbuf!fwfout-!ps!mfbefstijq!upof-!
xijdi!xfsf!uifo!usbotgpsnfe!joup!tusvduvsfe!gbdupst!gps!qsfejdujoh!tupdl!npwfnfout/!Uphfuifs-!
uiftf!bewbodft!ijhimjhiu!uif!wfstbujmjuz!pg!npefso!MMNt;!Uifz!dbo!cf!vtfe!up!hfofsbuf!ejsfdu!
qsfejdujpot-!up!cvjme!tusvduvsfe!uifnbujd!dmvtufst-!ps!up!fyusbdu!joufsqsfubcmf!gfbuvsft!uispvhi!
dbsfgvmmz!eftjhofe!qspnqut/

MMNt!jo!Qsbdujdf
Jo!uijt!tfdujpo-!J!efnpotusbuf!ipx!up!bqqmz!MMNt!gps!tfoujnfou!dmbttjgjdbujpo!vtjoh!Qzuipo/!
Up!gpmmpx!bmpoh!xjui!uijt!uvupsjbm-!J!sfdpnnfoe!vtjoh!Hpphmf!Dpmbc!cfdbvtf!ju!qspwjeft!fbtz!
bddftt!up!HQVt!)j/f/-!tqffejoh!vq!npefm!pvuqvut*!boe!b!sfqspevdjcmf!fowjsponfou!gps!uftujoh/

Xifo!xpsljoh!xjui!MMNt-!ju!jt!jnqpsubou!up!cf!gbnjmjbs!xjui!Ivhhjoh!Gbdf-4!uif!qmbugpsn!xifsf!
pqfo.tpvsdf!ebubtfut!boe!mbohvbhf!npefmt!bsf!tibsfe/!Uif!npefmt!ifsf!sbohf!gspn!qsfusbjofe!
MMNt!up!npefmt!gjof.uvofe!gspn!uiptf!qsfusbjofe!MMNt/!Ivhhjoh!Gbdf!ibt!uxp!Qzuipo!
qbdlbhft!uibu!dbo!cf!vtfe!up!fbtjmz!mpbe!npefmt!boe!ebubtfut;!usbotgpsnfst!boe!ebubtfut/

Jo!uijt!fyfsdjtf-!xf!xjmm!vtf!uif!Gjobodjbm!Qisbtfcbol!ebubtfu!jouspevdfe!cz!Nbmp-!Tjoib-!
Lpsipofo-!Xbmmfojvt-!boe!Ublbmb!)3125*/!Uijt!ebubtfu!dpotjtut!pg!5-951!tfoufodft!sboepnmz!

4Gps!npsf!jogpsnbujpo-!wjtju!iuuqt;00ivhhjohgbdf/dp0/

https://huggingface.co/
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tbnqmfe!gspn!gjobodjbm!ofxt-!xjui!fbdi!tfoufodf!cfjoh!mbcfmfe!cz!b!tfu!pg!boopubupst!bt!
Ƥqptjujwf-ƥ!Ƥofhbujwf-ƥ!ps!Ƥofvusbm/ƥ

J!xjmm!efnpotusbuf!uxp!nfuipet!gps!tfoujnfou!bobmztjt!vtjoh!MMNt;!)2*!b!gjof.uvofe!gfbuvsf!
fyusbdujpo!npefm!vtjoh!TCFSU5!boe!)3*!b!qsfusbjofe!mbohvbhf!npefm!vtjoh!PqfoBJƢt!BQJ/

SBERT Feature Extraction Model

TCFSU!)Sfjnfst!boe!Hvsfwzdi!312:*!jt!b!CFSU.cbtfe!npefm!uibu!tqfdjbmj{ft!jo!tfoufodf.mfwfm!
fncfeejoht/!Uibu!jt-!ufyu!jt!joqvu!up!uif!npefm!boe!b!wfdups!jt!sfuvsofe/!Cfdbvtf!tfoujnfou!
tdpsft!bsf!opu!ejsfdumz!pvuqvu!cz!uif!npefm-!xf!offe!up!usbjo!uif!npefm!up!qsfejdu!tfoujnfou!
tdpsft/!Up!ep!tp-!xf!dsfbuf!b!usbjojoh!boe!uftu!tfu!)jo!qsbdujdf-!xf!xpvme!vtf!b!wbmjebujpo!tfu!
gps!izqfsqbsbnfufs!uvojoh*/

>> !pip install -U datasets

>> from datasets import load_dataset

>> data = load_dataset("financial_phrasebank","sentences_50agree")

>> data = data['train'].to_pandas()

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

>> test = data.drop(train.index)

TCFSU!dbo!cf!mpbefe!uispvhi!uif!tfoufodf.usbotgpsnfst!Qzuipo!qbdlbhf-!xijdi!iboemft!nvdi!
pg!uif!qsfqspdfttjoh!sfrvjsfe!up!fyusbdu!wfdups!fncfeejoht/!Ofyu-!J!tipx!ipx!up!jotubmm!uif!
qbdlbhf-!mpbe!uif!npefm-!boe!fyusbdu!fncfeejoht!gps!fbdi!tfoufodf!jo!uif!usbjojoh!boe!uftu!
ebubtfut/!Opuf!uibu!ju!jt!ofdfttbsz!up!tqmju!uif!ufyu!joup!divolt!ps!Ƥcbudiftƥ!cfdbvtf!dpnqvub.
ujpobm!sftusbjout!qspijcju!fwbmvbujoh!bmm!tfoufodft!bu!podf/

>> !pip 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(0,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]

5Bwbjmbcmf!bu!iuuqt;00ivhhjohgbdf/dp0tfoufodf.usbotgpsnfst0bmm.NjojMN.M7.w3/

https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2
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Podf!uif!fncfeejoht!bsf!mpbefe-!uifz!dbo!cf!dpodbufobufe!up!gpsnvmbuf!b!nbusjy!pg!tj{f!
o!×!495/!Zpv!dbo!uifo!gju!b!sjehf!dmbttjgjdbujpo!npefm!po!uiptf!fncfeejoht!up!dsfbuf!b!nbqqjoh!
cfuxffo!fncfeejoh!wfdupst!up!tfoujnfou!mbcfmt/!Qsfejdujpot!po!uif!uftu!tfu!bsf!pcubjofe!cz!
qbttjoh!uif!uftu!fncfeejoht!uispvhi!uif!gjuufe!npefm/

>> import numpy as np

>> from sklearn.linear_model import RidgeClassifier

>> # Train model

>> clf = RidgeClassifier()

>> clf.fit(np.vstack(X_train),train['label'])

>> # Predictions: 0 = Neg, 1 = Neut, 2 = Pos

>> preds = clf.predict(np.vstack(X_test))

Jo!qsbdujdf-!zpv!xpvme!xbou!up!dsfbuf!b!wbmjebujpo!tfu!up!gju!uif!npefm!xjui!ejggfsfou!qfobmj{bujpo!
ufsnt!)j/f/-!bmqib!ufsnt*!jo!uif!sjehf!sfhsfttjpo!up!efufsnjof!uif!qbsbnfufs!uibu!qspevdft!
uif!cftu!gju/!Gps!uijt!fybnqmf-!J!tjnqmz!efnpotusbuf!pcubjojoh!qsfejdujpot/

OpenAI ChatGPT

Bmuipvhi!pqfo.tpvsdf!MMNt!dbo!cf!svo!vtjoh!uif!usbotgpsnfst!qbdlbhf!jo!Qzuipo-!J!xjmm!gpdvt!
po!bo!fbtz.up.jnqmfnfou!qjqfmjof!vtjoh!PqfoBJƢt!BQJ/!Jotufbe!pg!tpvsdjoh!dpnqvubujpobm!
sftpvsdft!ps!hfuujoh!dbvhiu!vq!jo!uif!ufdiojdbm!btqfdut!pg!svoojoh!MMNt-!zpv!dbo!jotufbe!sfmz!po!
bo!BQJ.cbtfe!bqqspbdi!up!ep!uijt!gps!zpv/!Uif!jefb!jt!uibu!zpv!dbo!tfoe!zpvs!qspnqufe!ufyu!up!
uif!BQJ-!boe!uif!pvuqvu!gspn!uif!npefm!xjmm!cf!sfuvsofe/

Cfdbvtf!J!bn!vtjoh!b!tpqijtujdbufe-!qsfusbjofe!MMN!mjlf!HQU.4/6-!J!ep!opu!offe!up!usbjo!uif!
npefm!cvu!jotufbe!tjnqmz!qspnqu!uif!ufyu!gps!uif!npefm!up!sftqpoe!xjui!b!tfoujnfou!tdpsf;

>> 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

]

J!vtf!uijt!qspnqu!cfdbvtf!ju!bttjtut!jo!)2*!sfevdjoh!uif!ovncfs!pg!pvuqvu!uplfot!uibu!J!offe!up!
pcubjo!gspn!uif!npefm!)j/f/-!pvuqvu!uplfot!bsf!npsf!fyqfotjwf!up!qspevdf*!boe!)3*!fbtz!qbstjoh!
pg!uif!sftqpotf!cfdbvtf!uif!npefm!xjmm!sftqpoe!jnnfejbufmz!xjui!tpmfmz!Ƥqptjujwf-ƥ!Ƥofvusbm-ƥ!ps!
Ƥofhbujwf/ƥ!Jg!zpv!ep!opu!qspnqu!ju!up!qspwjef!b!ƤSftqpotf;ƥ!bu!uif!foe-!uif!npefm!uzqjdbmmz!
qspwjeft!tpnf!qsfbncmf!up!jut!bduvbm!sftqpotf-!nbljoh!uif!sftqpotf!npsf!dptumz!bt!xfmm!bt!
ibsefs!up!qbstf/
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Up!pcubjo!sftqpotft!gspn!uif!BQJ-!uif!pqfobj!Qzuipo!qbdlbhf!dbo!cf!vtfe/!Up!pcubjo!sftqpotft!
gspn!uif!BQJ-!hp!up!PqfoBJƢt!BQJ!qmbugpsn6!boe!hfofsbuf!bo!BQJ!lfz-!xijdi!bttpdjbuft!zpvs!joqvu!
xjui!zpvs!bddpvou!gps!cjmmjoh/!Uifo-!pcubjojoh!tfoujnfou!tdpsft!jt!bt!fbtz!bt!mppqjoh!uispvhi!
uif!mjtu!pg!qspnqufe!tfoufodft!boe!qbstjoh!uif!sftqpotf/

>> !pip install openai

>> from openai import OpenAI

>> 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[0] # = “Neutral”

Risks, Challenges, and Considerations
Bt!gjobodjbm!jotujuvujpot!bepqu!MMNt!joup!uifjs!xpslgmpxt-!ju!jt!jnqpsubou!up!cf!bxbsf!pg!
uif!sjtlt!boe!dibmmfohft!pg!epjoh!tp/!Uijt!tfdujpo!pvumjoft!tfwfsbm!pg!uif!nptu!qsfttjoh!
dibmmfohft;!pvuqvu!sfmjbcjmjuz-!fwbmvbujpo!tuboebset-!npefm!mfblbhf!pwfs!ujnf-!boe!mfhbm!
vodfsubjouz/

Ibmmvdjobujpot!boe!Pvuqvu!Sfmjbcjmjuz
MMNt!bsf!qspcbcjmjtujd!npefmt!eftjhofe!up!qsfejdu!uif!ofyu!nptu!mjlfmz!xpse!hjwfo!uif!qsfwjpvt!
tfrvfodf!pg!xpset/!Bmuipvhi!uijt!bcjmjuz!nblft!uifn!gmfyjcmf!boe!qpxfsgvm-!ju!bmtp!nfbot!uifz!
bsf!qspof!up!qspevdjoh!ibmmvdjobujpotƠufyu!uibu!jt!gmvfou-!qmbvtjcmf-!boe!dpogjefoumz!tubufe!
cvu!gbduvbmmz!jodpssfdu!ps!gbcsjdbufe/

B!opx.gbnpvt!fybnqmf!jowpmwft!b!mbxzfs!xip!vtfe!DibuHQU!up!esbgu!b!mfhbm!gjmjoh/!
Uif!npefm!hfofsbufe!dpowjodjoh!djubujpot!up!dpvsu!dbtft!uibu-!vqpo!jotqfdujpo-!eje!opu!
fyjtu/!Uijt!fqjtpef!voefstdpsft!uif!ejggjdvmuz!jo!sfmzjoh!po!MMNt!jo!epnbjot!xifsf!gbduvbm!
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Fwbmvbujoh!pvuqvu!cfdpnft!fwfo!npsf!dibmmfohjoh!jo!nvmuj.bhfou!qjqfmjoftƠtztufnt!xifsf!
ejggfsfou!MMNt!ps!npevmft!iboe!pgg!joufsnfejbuf!pvuqvut/!Jg!pof!npefm!qspevdft!b!ibmmvdjobufe!
pvuqvu-!uibu!pvuqvu!nbz!tjmfoumz!qspqbhbuf!uispvhi!uif!tztufn-!csfbljoh!ubtl!mphjd!ps!usjhhfsjoh!
vojoufoefe!cfibwjpst/!Uivt-!pvuqvu!wbmjebujpo!boe!gbmmcbdl!tztufnt!bsf!fttfoujbm!dpnqpofout!
jo!qspevdujpo.hsbef!efqmpznfout/

Fwbmvbujpo!jo!Epnbjo.Tqfdjgjd!Dpoufyut
Jo!hfofsbm!OMQ!sftfbsdi-!npefm!dbqbcjmjujft!bsf!fwbmvbufe!vtjoh!cfodinbsl!ebubtfut-!
xijdi!bsf!mbcfmfe!ebubtfut!vtfe!up!efufsnjof!MMN!qfsgpsnbodf!jo!ejggfsfou!dpoufyut!ps!ubtlt/!
Epnbjo.tqfdjgjd!fwbmvbujpo!jo!gjobodf!sfnbjot!bo!voefsefwfmpqfe!bsfb-!ipxfwfs/!Nptu!gjobodjbm!
ubtltƠtvdi!bt!joufsqsfujoh!b!21.L!gjmjoh-!hfofsbujoh!sjtl!tvnnbsjft-!ps!dmbttjgzjoh!FTH!
ejtdmptvsftƠmbdl!tuboebsej{fe!hspvoe!usvui!mbcfmt/

Uijt!tjuvbujpo!dsfbuft!tfwfsbm!dibmmfohft;

	● Op!vojwfstbm!Ƥdpssfduƥ!botxfs!fyjtut!gps!tvdi!ubtlt!bt!tvnnbsj{bujpo!ps!obssbujwf!bobmztjt/

	● Dsbgujoh!bo!fwbmvbujpo!nfusjd!jt!opu!bt!tusbjhiugpsxbse!bt!fwbmvbujoh!dmbttjgjdbujpo!
qfsgpsnbodf/!Pgufo-!pof!nvtu!cf!dsfbujwf!jo!dpotusvdujoh!b!tjohmf!nfusjd!up!efufsnjof!
qfsgpsnbodf!ps!sfmjbcjmjuz!jo!b!qjqfmjof/

	● Ubtl.tqfdjgjd!cfodinbslt!nvtu!pgufo!cf!dpotusvdufe!jo!ipvtf-!xjui!tjhojgjdbou!ivnbo!
fggpsu/

Gps!tvdi!bqqmjdbujpot!bt!sfuvso!qsfejdujpo!ps!tfoujnfou!dmbttjgjdbujpo-!fwbmvbujpo!nbz!cf!
hspvoefe!jo!nbslfu!sftqpotf!)f/h/-!gvuvsf!sfuvsot*/!Cvu!gps!npsf!rvbmjubujwf!ubtltƠtvdi!bt!
qpmjdz!joufsqsfubujpo!ps!tupdl!sfdpnnfoebujpotƠrvboujgzjoh!npefm!qfsgpsnbodf!sfrvjsft!
ivnbo!fyqfsujtf!boe!epnbjo!gmvfodz/!Xjuipvu!sjhpspvt!fwbmvbujpo-!gjsnt!sjtl!efqmpzjoh!npefmt!
xiptf!qfsgpsnbodf!nbz!efhsbef!tjmfoumz!voefs!ofx!dpoejujpot!ps!joqvut/

Gpsxbse.Mppljoh!Dpoubnjobujpo!jo!Cbdluftut
Bopuifs!sjtl!jo!vtjoh!MMNt!gps!bmqib!tjhobm!hfofsbujpo!jt!uif!jttvf!pg!gpsxbse.mppljoh!cjbt/!
Nptu!mbshf!MMNt!ibwf!cffo!qsfusbjofe!po!joufsofu.tdbmf!ufyu!vq!up!b!dfsubjo!dvupgg!ebuf/!Jg!uibu!
usbjojoh!dpsqvt!jodmveft!ebub!gspn!uif!cbdluftu!qfsjpe-!uifo!uif!npefm!nbz!Ƥlopxƥ!gvuvsf!
pvudpnft!evsjoh!ijtupsjdbm!tjnvmbujpot-!fwfo!jg!jobewfsufoumz/



Obuvsbm!Mbohvbhf!Qspdfttjoh

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    147

Gps!jotubodf-!jg!b!npefm!jt!vtfe!up!qsfejdu!uif!tfoujnfou!ps!sfuvso!pg!tupdlt!vtjoh!ofxt!ifbe.
mjoft!gspn!3121-!uif!npefm!nbz!jnqmjdjumz!fodpef!jogpsnbujpo!uibu!xbt!opu!bwbjmbcmf!bu!uif!ujnf/!
Uibu!jt-!jg!b!ofxt!bsujdmf!ibt!uif!ifbemjof!ƤOWJEJB!Jouspevdft!Y!Dijqƥ!boe!uif!npefm!jnqmjdjumz!
lopxt!uibu!uijt!dijq!xbt!wfsz!qpqvmbs!gspn!gpsxbse.mppljoh!usbjojoh!ebub-!uijt!xjmm!joifsfoumz!
cjbt!uif!npefmƢt!sftqpotf!up!cf!npsf!qptjujwf/

Tpnf!tuvejft!ibwf!opufe-!ipxfwfs-!uibu!uijt!gpsxbse.mppljoh!jogpsnbujpo!dbo!tpnfujnft!
ofhbujwfmz!jogmvfodf!pvu.pg.tbnqmf!qfsgpsnbodf!cfdbvtf!uif!npefm!jt!ejtusbdufe!cz!uif!gvuvsf!
obssbujwft!boe!jogpsnbujpo-!opu!gpdvtjoh!po!uif!dvssfou!jogpsnbujpo!bwbjmbcmf/!Hmbttfsnbo!
boe!Mjo!)3135*!sfgfssfe!up!uijt!qifopnfopo!bt!uif!ejtusbdujpo!fggfdu/

Dpnqmjbodf-!Ebub!Tfdvsjuz-!boe!JQ!Sjtl
Bt!ejtdvttfe!fbsmjfs!jo!uif!dpoufyu!pg!efqmpznfou!npefmt-!uif!vtf!pg!uijse.qbsuz!BQJt!gps!MMN!
jogfsfodf!sbjtft!tfsjpvt!dpnqmjbodf!dpodfsot/!Cvu!cfzpoe!ebub!qsjwbdz-!b!ofx!dmbtt!pg!mfhbm!
boe!joufmmfduvbm!qspqfsuz!)JQ*!jttvft!jt!fnfshjoh!bspvoe!pxofstijq!boe!mjbcjmjuz/

Lfz!dpodfsot!jodmvef!uif!gpmmpxjoh;

	● Pxofstijq!pg!npefm!pvuqvut;!Epft!uif!gjsn!pxo!uif!hfofsbufe!ufyu@!Xibu!jg!uibu!ufyu!
dmptfmz!sftfncmft!b!dpqzsjhiufe!tpvsdf!tffo!evsjoh!qsfusbjojoh@

	● Mjbcjmjuz!gps!njtjogpsnbujpo;!Jg!b!npefm!hfofsbuft!b!njtmfbejoh!jowftunfou!sfdpnnfoebujpo!
ps!jodpssfdu!sfhvmbupsz!joufsqsfubujpo-!xip!jt!sftqpotjcmf@

	● Joufsobm!ebub!mfblbhf;!Jg!qspqsjfubsz!ebub!bsf!vtfe!jo!qspnqut!ps!gjof.uvojoh!boe!qspdfttfe!
cz!b!uijse.qbsuz!npefm-!uif!ebub!nbz!cf!jobewfsufoumz!sfubjofe!ps!fyqptfe-!efqfoejoh!
po!qspwjefs!qpmjdjft/

Uiftf!dpodfsot!bsf!bnqmjgjfe!jo!gjobodf-!xifsf!ebub!hpwfsobodf!boe!sfhvmbupsz!dpnqmjbodf!
bsf!opu!pqujpobm/!Gjsnt!tipvme!ftubcmjti!dmfbs!qpmjdjft!bspvoe

	● joufsobm!wfstvt!fyufsobm!MMN!vtbhf-

	● ebub!bopoznj{bujpo!boe!njojnj{bujpo!qsbdujdft-!boe

	● mphhjoh-!bveju!usbjmt-!boe!ivnbo.jo.uif.mppq!sfwjfxt/

Conclusion
Uif!bewbodft!jo!OMQ!ibwf!sfwpmvujpoj{fe!gjobodjbm!xpslgmpxt!uispvhi!uif!efwfmpqnfou!pg!
MMNt/!Bmuipvhi!usbejujpobm-!ubtl.tqfdjgjd!OMQ!npefmt!gpvoe!uifjs!xbz!joup!fbsmjfs!rvboujub.
ujwf!npefmt-!uif!gmfyjcjmjuz!hsboufe!cz!dpowfstbujpobm!npefmt!ibt!nbef!MMNt!bddfttjcmf!up!
ofbsmz!fwfsz!gbdfu!pg!uif!jowftunfou!qspdftt/!Bt!uif!ufdiopmphz!dpoujovft!up!bewbodf-!ju!jt!
jnqpsubou!up!voefstuboe!uif!ejggfsfou!uzqft!pg!npefmt-!uifjs!bqqmjdbujpot-!boe!jnqmfnfoubujpo!
gsbnfxpslt/

Uif!qpxfs!pg!uiftf!npefmt!dpnft!xjui!jnqpsubou!dbwfbut-!ipxfwfs/!Fggfdujwf!efqmpznfou!
sfrvjsft!bo!voefstuboejoh!pg!uifjs!bsdijufduvsbm!gpvoebujpot-!usbjojoh!qspdfttft-!boe!uif!
usbef.pggt!jowpmwfe!jo!ejggfsfou!jnqmfnfoubujpo!tusbufhjft/!Npsfpwfs-!jttvft!pg!sfmjbcjmjuz-!



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

148  DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

joufsqsfubcjmjuz-!dpnqvubujpobm!dptu-!dpnqmjbodf-!boe!epnbjo.tqfdjgjd!fwbmvbujpo!efnboe!
dbsfgvm!dpotjefsbujpo-!qbsujdvmbsmz!jo!ijhi.tublft!gjobodjbm!dpoufyut/

Uif!gvuvsf!pg!OMQ!jo!gjobodf!xjmm!mjlfmz!cf!tibqfe!cz!izcsje!bqqspbdift!uibu!dpncjof!uif!
hfofsbujwf!qpxfs!pg!MMNt!xjui!tusvduvsfe!ebub!qjqfmjoft!boe!usbejujpobm!ujnf.tfsjft!npefmt/!
Bt!npefmt!dpoujovf!up!fwpmwfƠjoufhsbujoh!nvmujnpebm!joqvut-!jnqspwjoh!sfbtpojoh!bcjmjujft-!
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mpohƟtipsu!qpsugpmjp!xjui!tuspoh!boe!tubujtujdbmmz!tjhojgjdbou!fydftt!sfuvsot/!Uijt!fggfdu!tvswjwft!
tuboebse!sjtl!bekvtunfout-!joejdbujoh!uibu!ju!jt!opu!pomz!dpnqfotbujpo!gps!lopxo!fyqptvsft/
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Jo!dpousbtu-!ujnf.tfsjft!npnfouvn-!tipxo!jo!Exhibit 1-!usfbut!fbdi!dpnnpejuz!po!jut!pxo/!Jg!b!
hjwfo!dpousbdu!ibt!sjtfo!evsjoh!uif!qbtu!zfbs-!ju!jt!mjlfmz!up!dpoujovf!up!sjtf-!boe!jg!ju!ibt!cffo!
gbmmjoh-!pof!dbo!fyqfdu!npsf!pg!uif!tbnf/!Nptlpxju{-!Ppj-!boe!Qfefstfo!)3123*!jnqmfnfoufe!
uijt!mphjd!cz!hpjoh!mpoh!dpnnpejujft!xjui!qptjujwf!23.npoui!sfuvsot!boe!tipsu!uiptf!xjui!ofh.
bujwf!poft/!Uif!sftvmu!xbt!ijhimz!dpotjtufou!qspgjut!bdsptt!ep{fot!pg!nbslfut/!Uijt!bqqspbdi!jt!
uif!cbdlcpof!pg!nboz!usfoe.gpmmpxjoh!dpnnpejuz!usbejoh!bewjtfst!)DUBt*!boe!nbobhfe!gvuvsft!
gvoet-!qspwjoh!jut!sfmfwbodf!jo!mjwf!tusbufhjft/

Xiz!epft!npnfouvn!xpsl@!Uif!fyqmbobujpot!gps!uijt!qifopnfopo!sbohf!gspn!cfibwjpsbm!
cjbtft-!tvdi!bt!ifsejoh!boe!bodipsjoh-!up!tusvduvsbm!gsjdujpot!uibu!tmpx!jogpsnbujpo!ejggvtjpo/!
Jnqpsuboumz-!npnfouvn!jo!dpnnpejujft!jt!opu!b!nbslfu.tqfdjgjd!rvjsl/!Sbuifs-!ju!jt!qbsu!pg!
b!hmpcbm!bopnbmz!pctfswfe!jo!frvjujft-!cpoet-!boe!dvssfodjft!bmjlf!)Btoftt-!Nptlpxju{-!
boe!Qfefstfo!3124*/

Dbssz!boe!Cbtjt;!Uif!Ufsn!Tusvduvsf!bt!b!Qsfejdups
Uif!ufsn!tusvduvsf!pg!gvuvsft!qsjdft!pggfst!wbmvbcmf!jotjhiu!joup!uif!fyqfdubujpot!boe!
qptjujpojoh!pg!wbsjpvt!fdpopnjd!bhfout/!Cz!fybnjojoh!uif!sfmbujpotijq!cfuxffo!b!dpnnpejuzƢt!
gvuvsft!qsjdf!boe!jut!tqpu!qsjdf!ps!cz!dpnqbsjoh!qsjdft!bdsptt!ejggfsfou!dpousbdu!nbuvsjujft-!ju!jt!
pgufo!qpttjcmf!up!jogfs!ejsfdujpobm!tjhobmt!bcpvu!gvuvsf!sfuvsot/!Uijt!jogpsnbujpo!jt!fodbqtvmbufe!

Fyijcju!2/!Ujnf.Tfsjft!Npnfouvn!gps!Fbdi!Gvuvsft!Dpousbdu-!
Kbovbsz!2::5ƟKvof!3135
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jo!uif!dbssz!ps!cbtjt-!xijdi!tfswft!bt!b!lfz!qsfejdujwf!tjhobm!jo!nboz!fnqjsjdbm!bttfu!qsjdjoh!
gsbnfxpslt/

Xifo!gvuvsft!bsf!jo!cbdlxbsebujpo!)ofbs.ufsn!gvuvsft!qsjdfe!cfmpx!tqpu*-!ju!pgufo!tjhobmt!
tvqqmz!tusftt!boe!mpx!jowfoupsjft/!Bddpsejoh!up!uif!uifpsz!pg!tupsbhf!)Lbmeps!2:4:<!Xpsljoh!
2:5:*-!cbdlxbsebujpo!sfgmfdut!b!ijhi!dpowfojfodf!zjfme-!bo!jnqmjdju!cfofgju!up!ipmejoh!uif!
qiztjdbm!dpnnpejuz/!Jo!uijt!dpoufyu-!hpjoh!mpoh!fbsot!zpv!b!qsfnjvn!gps!qspwjejoh!mjrvjejuz!ps!
jowfoupsz!tfswjdft/

Dpowfstfmz-!dpoubohp!)xifo!gvuvsft!bsf!bcpwf!tqpu*!sfgmfdut!tvsqmvt!tvqqmz!boe!mbdl!pg!vshfodz!
up!ipme!uif!hppe/!Mpoh!qptjujpot!jo!tvdi!nbslfut!pgufo!mptf!wbmvf!bt!dpousbdut!spmm!gpsxbse/!
Hpsupo-!Ibzbtij-!boe!Spvxfoipstu!)3124*!dpogjsnfe!xjui!efdbeft!pg!ebub!uibu!dpnnpej.
ujft!xjui!ujhiu!jowfoupsjft!boe!ijhi!cbtjt!ufoe!up!fbso!ijhifs!sfuvsot/!Uif!ifehjoh!qsfttvsf!
izqpuiftjt!pggfst!b!dpnqmfnfoubsz!wjfx/!Dpnnfsdjbm!qmbzfst-!tvdi!bt!qspevdfst-!ifehf!uifjs!
fyqptvsf!cz!tipsujoh!gvuvsft/!Tqfdvmbupst!xjmmjoh!up!ublf!uif!mpoh!tjef!efnboe!b!sjtl!qsfnjvn/!
Uijt!ezobnjd!mfbet!up!qsfejdubcmf!esjgu!jo!gvuvsft!qsjdft!pwfs!ujnf-!uzqjdbmmz!vqxbse-!cfofgjujoh!
mpoh!ipmefst/!Fnqjsjdbm!tuvejft!)f/h/-!ef!Sppo-!Ojknbo-!boe!Wfme!3111<!Cbtv!boe!Njggsf!3124*!
ibwf!tipxo!uibu!mpohƟtipsu!tusbufhjft!cbtfe!po!ifehjoh!qsfttvsf!ps!dbssz!tjhobmt!dbquvsf!
tvctuboujbm!fydftt!sfuvsot/!Jo!qsbdujdf-!b!tjnqmf!dbssz!tusbufhz!jowpmwft!sboljoh!dpnnpejujft!cz!
uifjs!cbtjt!boe!hpjoh!mpoh!uif!upq!rvboujmf!boe!tipsu!uif!cpuupn/

Tlfxoftt;!Xifo!Btznnfusz!Nbuufst
B!npsf!sfdfou!boe!ovbodfe!bopnbmz!jt!sfuvso!tlfxoftt/!Dpnnpejuz!qsjdft!bsf!qspof!up!tqjlft!
gspn!hfpqpmjujdbm!fwfout-!xfbuifs-!ps!tvqqmz!dibjo!tipdlt/!Uijt!ufoefodz!dsfbuft!btznnfusz!
jo!sfuvsot-!xjui!tpnf!nbslfut!tipxjoh!gbu!sjhiu!ubjmt!)mpuufsz.mjlf!vqtjef*!boe!puifst-!mfgu!ubjmt!
)tveefo!dsbtift*/!Gfsoboef{.Qfsf{-!Gsjkot-!Gvfsuft-!boe!Njggsf!)3129*!gpvoe!uibu!uijt!btznnfusz!
dpoubjot!qsfejdujwf!wbmvf/!Dpnnpejujft!uibu!ibwf!fyqfsjfodfe!ofhbujwf!tlfxofttƠgsfrvfou!
tnbmm!hbjot!xjui!sbsf!mbshf!mpttftƠufoe!up!efmjwfs!ijhifs!gvuvsf!sfuvsot/!Uif!jouvjujpo!jt!sjtl!
cbtfe;!Jowftupst!sfrvjsf!b!qsfnjvn!up!cfbs!epxotjef!ubjm!sjtl/!Jo!dpousbtu-!qptjujwfmz!tlfxfe!
dpnnpejujft!)b!tnbmm!dibodf!pg!xjoegbmm!hbjot*!buusbdu!pwfsdpogjefou!ps!sjtl.tffljoh!cvzfst-!
qvtijoh!qsjdft!vq!boe!fyqfdufe!sfuvsot!epxo/

B!tlfxoftt.cbtfe!tusbufhz-!mpoh!po!ofhbujwfmz!tlfxfe!boe!tipsu!po!qptjujwfmz!tlfxfe!gvuvsft-!
fbsot!bcopsnbm!sfuvsot!opu!fyqmbjofe!cz!npnfouvn!ps!dbssz/!Bmuipvhi!ibsefs!up!jnqmf.
nfou!cfdbvtf!pg!ijhifs.npnfou!ftujnbujpo!boe!tjhobm!jotubcjmjuz-!uijt!bopnbmz!ijhimjhiut!
uibu!ubjm!sjtlt!nbuufsƠuibu!gjobodjbm!nbslfut!qsjdf!uif!gvmm!tibqf!pg!uif!sfuvso!ejtusjcvujpo-!opu!
pomz!wbsjbodf/

Jejptzodsbujd!Wpmbujmjuz;!Uif!Spmf!pg!Vofyqmbjofe!Sjtl
Jejptzodsbujd!wpmbujmjuz!)JWPM*!sfgfst!up!uif!wpmbujmjuz!pg!b!dpnnpejuzƢt!sfuvsot!uibu!jt!opu!
fyqmbjofe!cz!cspbe!nbslfu!ps!gbdups!npwfnfout/!Jo!frvjuz!nbslfut-!ijhi!jejptzodsbujd!wpmbujmjuz!
jt!pgufo!bttpdjbufe!xjui!mpxfs!tvctfrvfou!sfuvsot!)uif!JWPM!bopnbmz*-!boe!b!tjnjmbs!qifopnf.
opo!ibt!cffo!fyqmpsfe!jo!dpnnpejujft/!Fbsmz!tuvejft!gpvoe!uibu!dpnnpejuz!gvuvsft!xjui!ijhi!
qbtu!jejptzodsbujd!wpmbujmjuz!ufoe!up!voefsqfsgpsn-!tvhhftujoh!b!ofhbujwf!sfmbujpo!cfuxffo!
JWPM!boe!gvuvsf!sfuvsot!bobmphpvt!up!frvjujftƢ!mpx.wpmbujmjuz!bopnbmz/!Jo!uif!dpoufyu!pg!dpn.
npejuz!gvuvsft-!JWPM!dbquvsft!sjtlt!uibu!bsf!nbslfu!tqfdjgjd-!tvdi!bt!tvqqmz!tipdlt-!tfbtpobm!
qbuufsot-!ps!mphjtujdbm!ejtsvqujpot-!uibu!ep!opu!dp.npwf!xjui!uif!cspbefs!dpnnpejuz!dpnqmfy/!
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Gvfsuft-!Njggsf-!boe!Gfsoboef{.Qfsf{!)3126*!fyqmpsfe!uif!spmf!pg!JWPM!jo!dpnnpejuz!nbslfut-!
tipxjoh!uibu!jut!joufhsbujpo!joup!nvmujtjhobm!gsbnfxpslt!dbo!jnqspwf!qpsugpmjp!ejwfstjgjdb.
ujpo/!Gps!jotubodf-!dpncjojoh!JWPM!xjui!npnfouvn!boe!ufsn!tusvduvsf!tjhobmt!bmmpxt!gps!uif!
dpotusvdujpo!pg!npsf!spcvtu!mpohƟtipsu!tusbufhjft!cz!fyqmpjujoh!dpnqmfnfoubsz!tpvsdft!pg!
jogpsnbujpo/!Gfsoboef{.Qfsf{!fu!bm/!)3129*!gvsuifs!bobmz{fe!JWPM!jo!uif!qsftfodf!pg!ftubcmjtife!
dpnnpejuz!gbdupst-!ijhimjhiujoh!jut!sfmfwbodf!gps!voefstuboejoh!dpnnpejuz.tqfdjgjd!sjtl!
cfzpoe!tztufnbujd!esjwfst/!Bmuipvhi!JWPM!vtf!bt!b!tuboebmpof!tjhobm!jt!mftt!tusbjhiugpsxbse-!
jut!joufsbdujpo!xjui!puifs!tusvduvsbm!gfbuvsft!pg!uif!nbslfu!jt!xpsui!jowftujhbujoh!jo!bo!NM!
sftfbsdi!dpoufyu/

Cbtjt!Npnfouvn;!Sjejoh!uif!DvswfƢt!Tmpqf
Cbtjt!npnfouvn!jt!b!sfdfoumz!jefoujgjfe!qsfejdups!uibu!fyqmpjut!jogpsnbujpo!jo!uif!tibqf!pg!
uif!gvuvsft!dvswf/!Ju!jt!efgjofe!bt!uif!ejggfsfodf!cfuxffo!uif!npnfouvn!pg!ofbs.ufsn!gvuvsft!
boe!uif!npnfouvn!pg!efgfssfe!)tfdpoe.ofbscz*!gvuvsft/!Uijt!gbdups!fggfdujwfmz!dbquvsft!uif!
tmpqf!boe!dvswbuvsf!ezobnjdt!pg!uif!ufsn!tusvduvsf;!B!tusbufhz!hpjoh!mpoh!dpnnpejujft!
xiptf!ofbscz!dpousbdut!ibwf!pvuqfsgpsnfe!uifjs!tfdpoe.ofbscz!dpousbdu!)boe!tipsujoh!uiptf!
xjui!uif!pqqptjuf!qbuufso*!fbsot!tjhojgjdbou!sfuvsot/!Cppot!boe!Qsbep!)312:*!jouspevdfe!cbtjt!
npnfouvn!boe!tipxfe!ju!tuspohmz!pvuqfsgpsnt!usbejujpobm!tjhobmt-!tvdi!bt!tjnqmf!npnfouvn!
ps!dbssz!)cbtjt*!jo!qsfejdujoh!dpnnpejuz!sfuvsot/!Jo!uifjs!gjoejoht-!b!qpsugpmjp!tpsufe!po!cbtjt!
npnfouvn!qspevdfe!mbshf!tqsfbe!sfuvsot!cpui!jo!dsptt.tfdujpo!boe!ujnf!tfsjft-!joejdbujoh!uibu!
uijt!nbuvsjuz.tqfdjgjd!npnfouvn!fggfdu!jt!b!qpxfsgvm!bopnbmz/!Uif!cbtjt!npnfouvn!qsfnjvn!
bqqfbst!up!cf!sfmbufe!up!wpmbujmjuz!boe!tfhnfoubujpo!bdsptt!dpousbdu!nbuvsjujft/!Gps!fybnqmf-!
xifo!tqfdvmbupstƢ!sjtl.cfbsjoh!dbqbdjuz!jt!tusbjofe-!njtqsjdjoh!dbo!pddvs!cfuxffo!ofbs!boe!gbs!
dpousbdut-!xijdi!cbtjt!npnfouvn!tusbufhjft!fyqmpju/!Gpmmpx.vq!tuvejft!ibwf!dpogjsnfe!uif!
spcvtuoftt!pg!uijt!gbdups/!Qbtdilf-!Qsplpqd{vl-!boe!Tjnfo!)3131*-!gps!jotubodf-!epdvnfoufe!
b!tjnjmbs!Ƥdvswf!npnfouvnƥ!tusbufhz!)pqfsbujoh!po!uif!gjstu!uxp!dpousbdu!nbuvsjujft*!uibu!
bdijfwft!ijhi!Tibsqf!sbujpt!boe!qptjujwf!bmqib!bgufs!dpouspmmjoh!gps!puifs!gbdupst/

Pqfo!Joufsftu;!Sfbejoh!uif!Dspxe
Pqfo!joufsftu!sfqsftfout!uif!upubm!ovncfs!pg!pvutuboejoh!dpousbdut!)mpoh!ps!tipsu*!jo!b!
gvuvsft!nbslfu!boe!jt!pgufo!wjfxfe!bt!b!hbvhf!pg!nbslfu!qbsujdjqbujpo!boe!mjrvjejuz/!Vojrvfmz-!
pqfo!joufsftu!jt!opu!b!qsjdf.cbtfe!tjhobm!cvu!b!rvboujuz.cbtfe!nfbtvsf!uibu!dbo!sfgmfdu!uif!
fbtf!xjui!xijdi!sjtl!jt!bctpscfe!cz!uif!nbslfu/!Sftfbsdi!cz!Ipoh!boe!Zphp!)3123*!tipxfe!
uibu!npwfnfout!jo!pqfo!joufsftu!dpoubjo!wbmvbcmf!jogpsnbujpo!bcpvu!dpnnpejuz!sjtl!qsfnjb/!
Tqfdjgjdbmmz-!uifz!gpvoe!uibu!jodsfbtft!jo!pqfo!joufsftu!ufoe!up!qsfejdu!mpxfs!gvuvsf!sfuvsot!gps!
dpnnpejuz!dpousbdut-!xifsfbt!efdmjojoh!pqfo!joufsftu!qsfejdut!ijhifs!gvuvsf!sfuvsot/!Uijt!
qbuufso!jt!dpotjtufou!xjui!uif!jefb!uibu!xifo!npsf!jowftupst!)qbsujdvmbsmz!tqfdvmbupst*!foufs!
b!nbslfu-!esjwjoh!pqfo!joufsftu!vq-!uifz!qspwjef!sjtl.cfbsjoh!dbqbdjuz!boe!qvti!sjtl!qsfnjvnt!
epxo/!Dpowfstfmz-!xifo!pqfo!joufsftu!esjft!vq-!sfnbjojoh!ifehfst!nvtu!pggfs!ijhifs!fyqfdufe!
sfuvsot!up!foujdf!tqfdvmbupst!up!ublf!uif!puifs!tjef/!Sfmbufe!xpsl!bmtp!ibt!tipxo!uibu!pqfo!
joufsftu!jt!ijhimz!qspdzdmjdbm!boe!dpssfmbufe!xjui!nbdspfdpopnjd!bdujwjuz-!sfjogpsdjoh!uif!joufs.
qsfubujpo!uibu!ju!tjhobmt!uif!cspbe!gmpx!pg!jowftunfou!joup!dpnnpejuz!nbslfut/!Npsfpwfs-!uif!
qsfejdujwf!qpxfs!pg!pqfo!joufsftu!ipmet!fwfo!bmpohtjef!puifs!qsfejdupst/!Difoh-!Ljsjmfolp-!boe!
Yjpoh!)3126*!gpvoe!uibu!tvshft!jo!qbsujdjqbujpo!)pgufo!dbquvsfe!cz!pqfo!joufsftu!ps!jowftups!
qptjujpot*!dbo!mfbe!up!Ƥdpowfdujwf!sjtl!gmpxt-ƥ!bggfdujoh!qsjdjoh!cfzpoe!xibu!gvoebnfoubmt!
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bmpof!xpvme!tvhhftu/!Jo!qsbdujdf-!mpx.pqfo.joufsftu!fowjsponfout!ibwf!cffo!bttpdjbufe!xjui!
tvctfrvfou!qptjujwf!dpnnpejuz!sfuvsot-!bt!sjtl!qsfnjvnt!sjtf!up!buusbdu!dbqjubm-!xifsfbt!
ijhi.pqfo.joufsftu!qfsjpet!dpjodjef!xjui!dpnqsfttfe!sfuvsot/

Sfmbujwf!Tusfohui!Joefy;!B!Ufdiojdbm!Ptdjmmbups
Uif!sfmbujwf!tusfohui!joefy!jt!b!cpvoefe!ptdjmmbups!eftjhofe!up!dbquvsf!uif!wfmpdjuz!pg!sfdfou!
qsjdf!npwfnfout-!uzqjdbmmz!vtjoh!b!25.ebz!xjoepx/!Jo!dpnnpejuz!gvuvsft-!ju!jt!pgufo!vtfe!bt!
b!dpousbsjbo!uppm-!xjui!uisftipme!mfwfmt!bcpwf!81!joufsqsfufe!bt!pwfscpvhiu!boe!cfmpx!41!bt!
pwfstpme/!Bmuipvhi!STJ.cbtfe!tusbufhjft!bsf!jouvjujwf!boe!xjefmz!bepqufe!cz!qsbdujujpofst-!
fbsmz!bdbefnjd!fwbmvbujpot!gpvoe!uibu!uif!bqqspbdi!qspevdfe!mftt!sfmjbcmf!sftvmut!dpnqbsfe!
xjui!usfoe.gpmmpxjoh!svmft/!Mvlbd-!Cspstfo-!boe!Jsxjo!)2:99*!sfqpsufe!mjnjufe!qspgjubcjmjuz!gspn!
tuboebse!STJ!jnqmfnfoubujpot!bdsptt!b!cspbe!tfu!pg!dpnnpejuz!nbslfut/!Npsf.sfdfou!tuvejft-!
ipxfwfs-!tvhhftu!uibu!jut!qfsgpsnbodf!dbo!jnqspwf!xifo!dpncjofe!xjui!wpmvnf!joejdbupst!ps!
npejgjfe!uisftipme!mfwfmt/!Zfo!boe!Itv!)3121*!tipxfe!uibu!izcsje!tusbufhjft!jodpsqpsbujoh!STJ!
boe!npofz!gmpx!tjhobmt!qfsgpsn!dpnqfujujwfmz!jo!dfsubjo!dpnnpejuz!tfdupst-!boe!Boefstpo!boe!
Mj!)3126*!efnpotusbufe!uibu!uvojoh!STJ!qbsbnfufst!foibodft!sfuvsot!jo!fofshz!boe!bhsjdvmuvsbm!
nbslfut/!Bmuipvhi!uif!tuboebmpof!tjhobm!nbz!fyijcju!mjnjufe!gpsfdbtujoh!qpxfs!jo!jtpmbujpo-!STJ!
sfnbjot!b!vtfgvm!ujnjoh!uppm!xjuijo!nvmujtjhobm!gsbnfxpslt-!qbsujdvmbsmz!gps!sfgjojoh!fousjft!boe!
fyjut!jo!nfbo.sfwfsujoh!fowjsponfout/

Npwjoh.Bwfsbhf!Dspttpwfst;!Usfoe!Gpmmpxjoh!jo!Qsbdujdf
Npwjoh.bwfsbhf!dspttpwfs!tztufnt!bsf!bnpoh!uif!nptu!foevsjoh!boe!fnqjsjdbmmz!tvqqpsufe!
ufdiojdbm!svmft!jo!dpnnpejuz!gvuvsft!nbslfut/!Uiftf!tusbufhjft!jowpmwf!dpnqbsjoh!b!tipsu.ufsn!
npwjoh!bwfsbhf-!dpnnpomz!b!61.ebz!xjoepx-!xjui!b!mpohfs.ufsn!bwfsbhf-!tvdi!bt!311!ebzt/!
B!cvz!tjhobm!jt!hfofsbufe!xifo!uif!tipsu.ufsn!bwfsbhf!dspttft!bcpwf!uif!mpoh.ufsn!bwfsbhf-!
boe!b!tfmm!tjhobm!pddvst!po!b!epxoxbse!dspttpwfs/!Uijt!nfdibojtn!tfflt!up!fyqmpju!qfstjtufou!
usfoet!xijmf!bwpjejoh!tipsu.ufsn!opjtf/!Mvlbd!fu!bm/!)2:99*!gpvoe!uibu!evbm!npwjoh.bwfsbhf!
tusbufhjft!qspevdfe!tubujtujdbmmz!tjhojgjdbou!sjtl.bekvtufe!sfuvsot!bdsptt!nvmujqmf!dpnnpe.
juz!dpousbdut/!Qbsl!boe!Jsxjo!)3118*-!jo!b!dpnqsfifotjwf!sfwjfx!pg!npsf!uibo!:1!tuvejft-!
dpodmvefe!uibu!npwjoh.bwfsbhf!tztufnt!xfsf!dpotjtufoumz!bnpoh!uif!nptu!spcvtu!ufdiojdbm!
svmft!jo!gvuvsft!nbslfut/!T{blnbsz-!Tifo-!boe!Tibsnb!)3121*!gvsuifs!wbmjebufe!uif!fggfdujwf.
oftt!pg!uiftf!svmft!bdsptt!39!dpnnpejuz!nbslfut-!tipxjoh!uibu!fydftt!sfuvsot!qfstjtu!fwfo!
bgufs!bddpvoujoh!gps!usbotbdujpo!dptut!boe!ebub.toppqjoh!dpodfsot/!Obsbzbo-!Binfe-!boe!
Obsbzbo!)3126*!bmtp!dpogjsnfe!uif!tjhobmƢt!qsfejdujwf!wbmvf!jo!b!dsptt.tfdujpobm!qpsugpmjp!dpo.
ufyu-!bmuipvhi!uifz!opufe!tfotjujwjuz!up!qbsbnfufs!uvojoh/!Uiftf!gjoejoht!bmjho!xjui!uif!cspbefs!
ujnf.tfsjft!npnfouvn!mjufsbuvsf-!jodmvejoh!uif!gsbnfxpsl!pg!Nptlpxju{!fu!bm/!)3123*-!xiptf!
pof.zfbs!usfoe!gjmufst!fdip!uif!mphjd!pg!mpoh.ipsj{po!npwjoh.bwfsbhf!tztufnt/!Ublfo!uphfuifs-!
uijt!cpez!pg!xpsl!voefstdpsft!uif!dpoujovfe!sfmfwbodf!pg!npwjoh.bwfsbhf!dspttpwfst!bt!
sfmjbcmf!cvjmejoh!cmpdlt!gps!tztufnbujd!dpnnpejuz!usbejoh!tusbufhjft/

Fyjtujoh!Sfmfwbou!Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Nbslfut
Jo!uijt!tvctfdujpo-!J!sfwjfx!uif!nptu!sfmfwbou!sfdfou!efwfmpqnfout!jo!bqqmzjoh!nbdijof!mfbsojoh!
up!dpnnpejuz!nbslfut/!Uxp!lfz!tusboet!pg!mjufsbuvsf!bsf!qbsujdvmbsmz!sfmfwbou!up!uif!tdpqf!pg!
uijt!tuvez/



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

158    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

	● Gjstu-!uif!joufhsbujpo!pg!nbdspfdpopnjd!wbsjbcmft!joup!NM.cbtfe!npefmt!gps!dpnnpejuz!
qsjdf!gpsfdbtujoh!ibt!sfdfjwfe!hspxjoh!buufoujpo-!xjui!ovnfspvt!tuvejft!)Cfo!Kbcfvs-!
Libmgbpvj-!boe!Cfo!Bsgj!3132<!Xboh!boe![iboh!3135*!efnpotusbujoh!uif!qsfejdujwf!wbmvf!pg!
nbdsp.gjobodjbm!joejdbupst/

	● Tfdpoe-!b!nfuipepmphjdbm!ejtujodujpo!ibt!fnfshfe!cfuxffo!vojwbsjbuf!npefmt-!bqqmjfe!jo!
jtpmbujpo!up!joejwjevbm!dpnnpejujft!ps!tvctfut-!tvdi!bt!nfubmt-!bhsjdvmuvsbm!qspevdut-!ps!
fofshz-!boe!dsptt.tfdujpobm!)qbofm*!bqqspbdift!uibu!npefm!nvmujqmf!dpnnpejujft!kpjoumz/

J!fybnjof!uif!nbjo!gfbuvsft!boe!tjhobmt!vtfe!jo!fbdi!tusfbn-!ijhimjhiu!uif!sftqfdujwf!nfuipe.
pmphjdbm!usbef.pggt-!boe!dpousbtu!uifjs!fnqjsjdbm!gjoejoht/!Uijt!sfwjfx!tfswft!up!qptjujpo!nz!pxo!
dpousjcvujpo-!xijdi!cvjmet!mpohƟtipsu!dpnnpejuz!qpsugpmjpt!vtjoh!nbdijof!mfbsojoh-!jo!sfmbujpo!
up!uiftf!ftubcmjtife!bqqspbdift/

The Role of Macroeconomic Variables in ML-Based Commodity 
Forecasting Literature

Nbdspfdpopnjd!gvoebnfoubmt!bsf!lopxo!up!jogmvfodf!dpnnpejuz!nbslfut!uispvhi!efnboe-!
tvqqmz-!boe!jowftunfou!diboofmt/!NM!npefmt!pgufo!joufhsbuf!uiftf!wbsjbcmft!bt!qsfejdupst!up!
dbquvsf!cspbefs!fdpopnjd!tjhobmt!uibu!esjwf!dpnnpejuz!qsjdf!npwfnfout/!Dpnnpo!nbdspfdp.
opnjd!gfbuvsft!jodmvef!joejdbupst!pg!hmpcbm!fdpopnjd!bdujwjuz!)f/h/-!joevtusjbm!qspevdujpo!hspxui!
ps!HEQ*-!jogmbujpo!sbuft-!joufsftu!sbuft-!fydibohf!sbuft!)ftqfdjbmmz!gps!dpnnpejuz.fyqpsujoh!
dpvousjftƢ!dvssfodjft*-!frvjuz!nbslfu!joefyft-!boe!nfbtvsft!pg!mjrvjejuz!ps!sjtl!bqqfujuf!
)Hbshbop!boe!Ujnnfsnboo!3125<!Dptub-!Gfssfjsb-!Hbhmjbopof-!Hvjmmêo-!Jttmfs-!boe!Mjo!3132*/!
Cz!jodmvejoh!tvdi!wbsjbcmft-!NM!npefmt!bjn!up!bddpvou!gps!tijgut!jo!uif!cvtjoftt!dzdmf!boe!gjobo.
djbm!dpoejujpot!uibu!bggfdu!dpnnpejuz!qsjdft/!Fbsmz!xpsl!cz!Hbshbop!boe!Ujnnfsnboo!)3125*!
efnpotusbufe!uif!wbmvf!pg!nbdsp!wbsjbcmft!jo!dpnnpejuz!gpsfdbtujoh!vtjoh!usbejujpobm!npefmt/!
Uifz!gpvoe!uibu!dfsubjo!qsfejdupst-!tvdi!bt!dpnnpejuz!dvssfodz!fydibohf!sbuft!)dvssfodjft!pg!
nbkps!dpnnpejuz!fyqpsufst*-!ibwf!tjhojgjdbou!tipsu.ipsj{po!qsfejdujwf!qpxfs!gps!dpnnpejuz!
qsjdf!joefyft-!xijmf!joevtusjbm!qspevdujpo!hspxui!boe!jowftunfou!sbujpt!nbuufs!bu!mpohfs!ipsj.
{pot/!Npsfpwfs-!uifjs!sftvmut!joejdbufe!uibu!uif!qsfejdujwf!qpxfs!pg!nbdspfdpopnjd!wbsjbcmft!jt!
sfhjnf!efqfoefou;!Dpnnpejuz!sfuvso!qsfejdubcjmjuz!xbt!tuspohftu!evsjoh!hmpcbm!sfdfttjpobsz!
qfsjpet-!xifo!nbdsp!dpoejujpot!voefshp!tvctuboujbm!tijgu/!Uijt!gjoejoh!tvhhftut!uibu!nbdsp!
joejdbupst!ifmq!dbquvsf!mpx.gsfrvfodz!fdpopnjd!usfoet!boe!tusvduvsbm!csfblt/

Cvjmejoh!po!tvdi!jotjhiut-!sfdfou!NM!tuvejft!ibwf!jodpsqpsbufe!mbshf!tfut!pg!nbdspfdpopnjd!
gfbuvsft!up!jnqspwf!gpsfdbtu!bddvsbdz/!Dptub!fu!bm/!)3132*-!gps!fybnqmf-!fyqmpsfe!pjm!qsjdf!gpsf.
dbtujoh!xjui!bo!fyufotjwf!Ƥcjh!ebubƥ!nbdsp.gjobodjbm!ebubtfu!pg!426!wbsjbcmft-!dpncjofe!xjui!
b!tvjuf!pg!34!npefmjoh!bqqspbdift-!jodmvejoh!usff.cbtfe!NM!)sboepn!gpsftut-!hsbejfou!cpptu.
joh*-!sfhvmbsj{fe!sfhsfttjpot-!boe!dmbttjdbm!fdpopnfusjd!cfodinbslt/!Uifjs!dpnqsfifotjwf!
qtfvep.pvu.pg.tbnqmf!tuvez!tipxfe!uibu!nbdijof!mfbsojoh!npefmt!mfwfsbhjoh!sjdi!nbdspfdp.
opnjd!jogpsnbujpo!dbo!tjhojgjdboumz!pvuqfsgpsn!objwf!cfodinbslt!jo!uif!tipsu!svo/!Jo!qbsujd.
vmbs-!bu!gpsfdbtu!ipsj{pot!vq!up!tjy!npouit-!tvdi!npefmt!bt!MBTTP!sfhsfttjpo!boe!usff.cbtfe!
fotfncmft!)bqqmjfe!up!nbdsp!boe!gjobodjbm!qsfejdupst!bmpohtjef!pjm!gvuvsft!qsjdft*!zjfmefe!uif!
nptu!bddvsbuf!gpsfdbtut-!pgufo!bdijfwjoh!tvctuboujbm!hbjot!jo!pvu.pg.tbnqmf!S3!sfmbujwf!up!b!
sboepn!xbml/!Uiftf!jnqspwfnfout-!po!uif!psefs!pg!uxp.ejhju!qfsdfoubhf!sfevdujpot!jo!gpsfdbtu!
fssps!jo!tpnf!dbtft-!voefstdpsf!uibu!NM!bmhpsjuint!dbo!fggfdujwfmz!fyqmpju!uif!qsfejdujwf!dpo.
ufou!pg!b!cspbe!bssbz!pg!nbdspfdpopnjd!joejdbupst/!Bu!mpohfs!ipsj{pot!)pof!up!gjwf!zfbst!bifbe*-!
Dptub!fu!bm/!)3132*!opufe!uibu!op!tjohmf!NM!nfuipe!epnjobuft!cvu!dpncjobujpot!pg!gpsfdbtut!



Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvsft;!Csjehjoh!Ebub-!Uifpsz-!boe!Sfuvso!Qsfejdubcjmjuz

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    159

boe!tusvduvsbm!npefmt!cfdpnf!npsf!sfmfwbou-!jnqmzjoh!nbdsp!wbsjbcmft!tujmm!dpousjcvuf!xifo!
vtfe!jo!fotfncmf!bqqspbdift/

Puifs!tuvejft!ibwf!dpogjsnfe!uibu!beejoh!nbdspfdpopnjd!gfbuvsft!cpptut!dpnnpejuz!qsjdf!
gpsfdbtut!jo!NM!gsbnfxpslt/!Xboh!boe![iboh!)3135*!fybnjofe!33!dpnnpejuz!gvuvsft!boe!
tipxfe!uibu!jodmvejoh!cpui!dpnnpejuz.tqfdjgjd!wbsjbcmft!boe!nbdspfdpopnjd!gbdupst!bt!
joqvut!up!NM!bmhpsjuint!jnqspwft!pvu.pg.tbnqmf!qfsgpsnbodf!gps!uif!nbkpsjuz!pg!uiptf!dpn.
npejujft/!Jo!uifjs!fyqfsjnfout-!b!hsbejfou!cpptujoh!npefm!)MjhiuHCN*!bvhnfoufe!xjui!tvdi!
gfbuvsft!bt!hmpcbm!fdpopnjd!joefyft-!joufsftu!sbuft-!boe!gjobodjbm!nbslfu!wbsjbcmft!qspevdfe!
mpxfs!qsfejdujpo!fsspst!uibo!tjnqmf!bvupsfhsfttjwf!cfodinbsltƠBS)2*!npefmtƠjo!nptu!dbtft/!
Uif!bvuipst!vtfe!TIBQ!)TIbqmfz!Beejujwf!fyQmbobujpot*!wbmvft!up!joufsqsfu!uif!jnqpsubodf!pg!
gfbuvsft!jo!uif!NM!gpsfdbtut-!gjoejoh!uibu!uif!nptu!jogmvfoujbm!qsfejdupst!wbsz!bdsptt!dpnnpej.
ujft/!Gps!jotubodf-!tpnf!dpnnpejujft!bsf!esjwfo!tuspohmz!cz!hfofsbm!nbdsp!wbsjbcmft!)tvdi!bt!bo!
bhhsfhbuf!efnboe!joefy!ps!dvssfodz!wbmvft*-!xifsfbt!puifst!bsf!npsf!jogmvfodfe!cz!jejptzo.
dsbujd!gbdupst!)tvdi!bt!jowfoupsz!mfwfmt!ps!qbtu!qsjdf!npnfouvn*/!Uijt!ifufsphfofjuz!ijhimjhiut!
uibu!nbdspfdpopnjd!joqvut!ibwf!tjhojgjdbou!qsfejdujwf!wbmvf!pwfsbmm-!cvu!uifjs!jnqbdu!dbo!cf!
dpnnpejuz!tqfdjgjd/

Jo!dpnnpejuz!nbslfut!uibu!bsf!ijhimz!tfotjujwf!up!qpmjdz!boe!hmpcbm!dpoejujpot-!nbdspfdpopnjd!
qsfejdupst!nbz!cf!ftqfdjbmmz!dsjujdbm/!Gps!fybnqmf-!Cfo!Kbcfvs!fu!bm/!)3132*!vtfe!bo!fyqmbjobcmf!
NM!bqqspbdi!up!qsfejdu!dsvef!pjm!qsjdf!dsbtift!cz!joufhsbujoh!tvdi!wbsjbcmft!bt!tupdl!nbslfu!
joefyft-!dvssfodz!fydibohf!sbuft-!boe!hsffo!fofshz!joefyft/!Uifjs!gjoejoht!joejdbufe!uibu!
nbdsp.gjobodjbm!joejdbupst!jnqspwf!uif!fbsmz!xbsojoh!tjhobmt!gps!pjm!nbslfu!epxouvsot!cz!dbquvs.
joh!cspbe!nbslfu!tfoujnfou!boe!tusvduvsbm!tijgut/!Mjlfxjtf-!Bnqpvoupmbt!boe!BmHibscj!)3136*-!
vtjoh!b!izcsje!NM!npefm!gps!psbohf!kvjdf!dpnnpejuz!qsjdft-!sfqpsufe!uibu!jodmvejoh!gjobodjbm!
nbslfu!joefyft!)f/h/-!uif!T'Q!611!Joefy*!bmpohtjef!nbdsp!gbdupst!jnqspwfe!gpsfdbtu!bddvsbdz/!
Uijt!gjoejoh!bmjhot!xjui!Hbshbop!boe!UjnnfsnbooƢt!)3125*!fnqibtjt!po!nbdsp!qsfejdupst;!
Cspbe!joefyft!mjlfmz!dbquvsf!hmpcbm!fdpopnjd!dpoejujpot!boe!jowftups!sjtl!bqqfujuf-!xijdi!
usbotmbuft!joup!cfuufs!qsfejdujpot!pg!dpnnpejuz!efnboe!boe!qsjdjoh!qsfttvsft/

Univariate vs. Cross-Sectional in ML Commodity Research: Global vs. Local

B!tfdpoe!lfz!ejnfotjpo!jo!uif!mjufsbuvsf!jt!xifuifs!sftfbsdifst!npefm!dpnnpejuz!qsjdft!jo!
jtpmbujpo!)vojwbsjbuf!ujnf.tfsjft!bqqspbdi*!ps!mfwfsbhf!jogpsnbujpo!bdsptt!b!dsptt.tfdujpo!ps!
qbofm!pg!dpnnpejujft/!Uif!vojwbsjbuf!bqqspbdi!foubjmt!cvjmejoh!b!tfqbsbuf!qsfejdujwf!npefm!gps!
fbdi!dpnnpejuzƢt!qsjdf!ps!sfuvso-!vtjoh!uibu!dpnnpejuzƢt!pxo!mbhhfe!wbmvft!boe!qpufoujbmmz!
tpnf!fyphfopvt!gfbuvsft!)xijdi!dpvme!jodmvef!nbdsp!wbsjbcmft!ps!uibu!dpnnpejuzƢt!tqfdjgjd!
gvoebnfoubmt*/!Jo!dpousbtu-!dsptt.tfdujpobm!)ps!qbofm*!bqqspbdift!jowpmwf!npefmjoh!nvmujqmf!
dpnnpejujft!kpjoumzƠgps!fybnqmf-!cz!qppmjoh!ebub!bdsptt!dpnnpejujft!up!usbjo!b!tjohmf!npefm!
ps!cz!qsfejdujoh!uif!foujsf!dsptt.tfdujpo!pg!dpnnpejuz!sfuvso!bu!fbdi!qpjou!jo!ujnf!vtjoh!
dpnnpo!qsfejdupst!)tjnjmbs!up!gbdups!jowftujoh!npefmt*/

Fbdi!bqqspbdi!ibt!ejtujodu!nfuipepmphjdbm!usbef.pggt-!boe!ibt!cffo!fyqmpsfe!jo!sfdfou!NM.cbtfe!
dpnnpejuz!sftfbsdi/!Vojwbsjbuf!NM!npefmt!bsf!dpnnpo!jo!tuvejft!gpdvtjoh!po!b!qbsujdvmbs!
dpnnpejuz!ps!dpnnpejuz!joefy!hspvq/!Nboz!tuvejft!ublf!uijt!spvuf!gps!nbkps!dpnnpejujft-!
tvdi!bt!dsvef!pjm!ps!hpme-!pgufo!dpnqbsjoh!wbsjpvt!NM!bmhpsjuint!up!gjoe!uif!cftu!qfsgpsnfs!gps!
uibu!tjohmf!tfsjft/!Gps!jotubodf-!Gpspvubo!boe!Mbinjsj!)3135*!jnqmfnfoufe!27!ejggfsfou!nbdijof!
mfbsojoh!boe!effq!mfbsojoh!npefmt!up!gpsfdbtu!qsjdft!pg!gpvs!joejwjevbm!nbslfut!)Xftu!Ufybt!
joufsnfejbuf!dsvef!pjm-!Csfou!pjm-!hpme-!boe!tjmwfs*-!fttfoujbmmz!usfbujoh!fbdi!nbslfu!bt!b!tfqbsbuf!



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

160    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

gpsfdbtujoh!ubtl/!Uifz!gpvoe!uibu!bewbodfe!ofvsbm!ofuxpslt-!tvdi!bt!ufnqpsbm!dpowpmvujpobm!
ofuxpslt!ps!Cj.HSV!ofuxpslt-!dpvme!pvuqfsgpsn!puifs!npefmt!gps!dfsubjo!dpnnpejujft-!xijmf!
usff.cbtfe!npefmt-!tvdi!bt!MjhiuHCN-!bmtp!qfsgpsnfe!tuspohmz!bt!b!cbtfmjof/

Uif!qpjou!pg!uif!vojwbsjbuf!bqqspbdi!jt!uibu!ju!bmmpxt!tqfdjbmj{fe!npefmjoh!pg!fbdi!dpnnpejuzƢt!
vojrvf!ezobnjdt-!dbquvsjoh!tqfdjgjd!tvqqmz!tipdlt-!tfbtpobm!qbuufsot-!ps!tqfdjgjd!fdpopnjd!
mjolbhft!)tvdi!bt!pjmƢt!mjolbhf!up!pjm!jowfoupsz!mfwfmt!ps!hpmeƢt!jowfstf!sfmbujpotijq!xjui!joufsftu!
sbuft*!xjuipvu!cfjoh!Ƥejmvufeƥ!cz!ebub!gspn!puifs!dpnnpejujft/!Sftfbsdifst!dbo!jodmvef!dpn.
npejuz.tqfdjgjd!gfbuvsft!)tvdi!bt!nfubm!jowfoupsjft-!fofshz!sjh!dpvout-!boe!xfbuifs!wbsjbcmft!
gps!dspqt*!bmpohtjef!nbdsp!wbsjbcmft!ubjmpsfe!up!uibu!nbslfu/!Uijt!bqqspbdi!pgufo!jnqspwft!joufs.
qsfubcjmjuz!gps!uibu!dpnnpejuz/!Pof!esbxcbdl-!ipxfwfs-!jt!uibu!uif!ebub!gps!fbdi!dpnnpejuz!
bsf!mjnjufe-!xijdi!dbo!dpotusbjo!dpnqmfy!NM!npefmtƠboe!nptu!pg!uif!ujnf-!uiptf!ebub!)mjlf!uif!
nbdsp!wbsjbcmft*!bsf!mbhhfe!boe!uifjs!hsbovmbsjuz!jt!bu!cftu!npouimz/!Pwfsgjuujoh!jt!b!sjtl-!boe!uif!
npefm!njhiu!gbjm!up!hfofsbmj{f!jg!uif!usbjojoh!tbnqmf!)tbnqmf!pg!pof!dpnnpejuz*!jt!tnbmm!ps!jg!
tusvduvsbm!dibohft!pddvs/

Jo!dpousbtu-!dsptt.tfdujpobm!boe!qbofm!NM!bqqspbdift!buufnqu!up!Ƥmfbsoƥ!bdsptt!nvmujqmf!
dpnnpejujft!tjnvmubofpvtmz-!mfwfsbhjoh!uif!jefb!uibu!ejggfsfou!dpnnpejujft!nbz!tibsf!
dpnnpo!qbuufsot!ps!gbdupst/!Dsptt.tfdujpobm!npefmjoh!gps!gpsfdbtujoh!jt!xjeftqsfbe!jo!frvjujft/!
Jo!uijt!bqqspbdi-!pof!njhiu!vtf!dibsbdufsjtujdt!ps!gbdupst!pg!fbdi!dpnnpejuz!)tvdi!bt!uif!gbnjmz!
pg!gbdupst!qsfwjpvtmz!jouspevdfe*!bu!ujnf!u!up!qsfejdu!uif!dsptt.tfdujpo!pg!sfuvsot!jo!uif!ofyu!
qfsjpe/!NM!bmhpsjuint!dbo!cf!vtfe!up!dpncjof!uiftf!dpnnpejuz.tqfdjgjd!dibsbdufsjtujdt!jo!b!
opomjofbs!xbz/

Bohfmjejt-!Tbllbt-!boe!Ufttbspnbujt!)3136*!gpmmpxfe!uijt!bqqspbdi!cz!dpnqbsjoh!ujnf.tfsjft!
npefmt!gps!joejwjevbm!dpnnpejujft!wfstvt!dsptt.tfdujpobm!npefmt!uibu!qsfejdu!bmm!dpnnpe.
jujftƢ!sfuvsot!kpjoumz/!Uifz!fybnjofe!48!dpnnpejuz!gvuvsft!boe!gpvoe!uibu!dsptt.tfdujpobm!
npefmt!qspevdf!tvqfsjps!gpsfdbtut!dpnqbsfe!xjui!ujnf.tfsjft!npefmt!gps!dpnnpejuz!
sfuvsot/!Jo!puifs!xpset-!b!npefm!uibu!qppmt!jogpsnbujpo!bdsptt!dpnnpejujft!)boe!fyqmpjut!
dsptt.tfdujpobm!qsfejdupst-!tvdi!bt!fbdi!dpnnpejuzƢt!cbtjt-!npnfouvn-!ps!puifs!dibsbdufsjt.
ujdt!bu!b!hjwfo!ujnf*!bdijfwfe!mpxfs!pwfsbmm!qsfejdujpo!fssps!uibo!npefmjoh!fbdi!dpnnpejuz!jo!
jtpmbujpo/!Uif!bvuipst!sfqpsufe!uibu!dpncjojoh!gpsfdbtut!boe!vtjoh!npefso!NM!nfuipet!gvsuifs!
foibodfe!qfsgpsnbodf-!tvhhftujoh!uibu!uif!dsptt.tfdujpobm!tjhobmt!dpoubjo!fyqmpjubcmf!tusvd.
uvsf!uibu!NM!nfuipet!dbo!dbquvsf!npsf!fggfdujwfmz!sfmbujwf!up!usbejujpobm!bqqspbdift/!Jouvjujwfmz-!
dsptt.tfdujpobm!npefmt!cfofgju!gspn!xjefs!jogpsnbujpo!tfut/!Uifz!dbo!efufdu-!gps!fybnqmf-!uibu!
dpnnpejujft!xjui!dfsubjo!usbjut!)tbz-!b!ijhi!qsjps.zfbs!sfuvso!ps!b!ofhbujwf!tlfxoftt*!ufoe!up!
nfbo.sfwfsu!ps!dpoujovf!usfoejoh-!cbtfe!po!qbuufsot!mfbsofe!gspn!uif!gvmm!qbofm!pg!dpnnpe.
jujft/!Uijt!ezobnjd!dbo!jnqspwf!hfofsbmj{bujpo!cfdbvtf!uif!npefm!esbxt!po!b!mbshfs!tbnqmf!
pg!pctfswbujpot!)nvmujqmf!dpnnpejujft!pwfs!ujnf*!up!mfbso!qsfejdupsƟsftqpotf!sfmbujpotijqt/!
Uifsf!bsf!tfwfsbm!nfuipepmphjdbm!usbef.pggt!cfuxffo!vojwbsjbuf!boe!dsptt.tfdujpobm!bqqspbdift/!
Hfofsbmj{bujpo!wfstvt!tqfdjbmj{bujpo!jt!b!lfz!dpotjefsbujpo/

Dsptt.tfdujpobm!NM!npefmt!fggfdujwfmz!bttvnf!uibu!ejggfsfou!dpnnpejujftƢ!qsjdf!ezobnjdt!
tibsf!tpnf!voefsmzjoh!gvodujpobm!gpsn!ps!gbdupst-!xijdi!uif!npefm!dbo!mfbso/!Uijt!qppmjoh!dbo!
esbnbujdbmmz!jodsfbtf!uif!fggfdujwf!tbnqmf!tj{f!gps!usbjojoh-!bjejoh!hfofsbmj{bujpo!boe!sfevdjoh!
ftujnbujpo!opjtf/!Joeffe-!uif!tvqfsjpsjuz!pg!uif!dsptt.tfdujpobm!NM!jo!Bohfmjejt!fu!bm/!)3136*!
fdipft!gjoejoht!jo!puifs!bttfu!dmbttft!)f/h/-!frvjujft*!uibu!Ƥhmpcbmƥ!npefmt!vtjoh!qbofm!ebub!dbo!
pvuqfsgpsn!nboz!tfqbsbuf!Ƥmpdbmƥ!npefmt!cz!cpsspxjoh!tusfohui!bdsptt!tfsjft/!Opofuifmftt-!
uif!pqujnbm!bqqspbdi!nbz!efqfoe!po!uif!dpoufyu;!Jg!uif!gpsfdbtujoh!hpbm!jt!up!sbol!ps!bmmpdbuf!



Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvsft;!Csjehjoh!Ebub-!Uifpsz-!boe!Sfuvso!Qsfejdubcjmjuz

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    161

bdsptt!dpnnpejujft!)mpohƟtipsu!qpsugpmjp!dpotusvdujpo*-!qbofm!NM!npefmt!bsf!obuvsbmmz!tvjufe/!
Jg!uif!hpbm!jt!up!qsfejdu!fybdu!qsjdf!npwfnfout!pg!b!qbsujdvmbs!dpnnpejuz!)gps!ifehjoh!qvs.
qptft*-!ipxfwfs-!b!vojwbsjbuf!npefm!xjui!uibu!dpnnpejuzƢt!lfz!esjwfst!njhiu!cf!cfuufs!tvjufe/

Empirical Results
Uijt!tfdujpo!qsftfout!uif!fnqjsjdbm!fwbmvbujpo!pg!uif!qspqptfe!gsbnfxpsl/!J!cfhjo!cz!eftdsjc.
joh!uif!ebubtfu-!gfbuvsf!dpotusvdujpo-!boe!nfuipepmphjdbm!tfuvq!vtfe!gps!gpsfdbtujoh!bdsptt!
nvmujqmf!ipsj{pot/!Ofyu-!J!bobmz{f!uif!jogpsnbujpo!dpoufou!boe!sfmbujwf!jnqpsubodf!pg!fbdi!
gfbuvsf!xjuijo!cpptufe!usffƟcbtfe!npefmt!up!voefstuboe!ipx!qsfejdujwf!esjwfst!wbsz!xjui!
ipsj{po!mfohui/!Gjobmmz-!J!bttftt!uif!pvu.pg.tbnqmf!qfsgpsnbodf!pg!joejwjevbm!npefmt!boe!fotfn.
cmf!bqqspbdift!uispvhi!mpohƟtipsu!qpsugpmjp!tjnvmbujpot-!dpnqbsjoh!uifjs!sjtl.bekvtufe!sfuvsot!
boe!bobmzujdt!bdsptt!gpsfdbtu!ipsj{pot/

Ebub!boe!Nfuipepmphz
Uif!tbnqmf!vojwfstf!dpotjtut!pg!52!ebjmz!dpoujovpvt!gvuvsft!dpousbdut;!34!bhsjdvmuvsbm!dpn.
npejujft-!9!fofshz!qspevdut-!boe!21!nfubmt-!bt!tipxo!jo!Exhibit 2/!J!tpvsdfe!qsjdft!boe!pqfo!
joufsftu!ebub!gspn!Cmppncfsh!gps!uif!gjstu!boe!tfdpoe!dpousbdut!bmpoh!uif!ufsn!tusvduvsf-!
xijdi!xfsf!vtfe!up!dpotusvdu!uif!gfbuvsft/!Gps!fbdi!dpousbdu-!J!dpnqvufe!b!dpoujovpvt!qsjdf!
tfsjft!vtjoh!uif!cbdl.bekvtufe!sbujp!nfuipepmphz/!Uijt!bqqspbdi!bqqmjft!b!nvmujqmjdbujwf!
bekvtunfou!gjwf!ebzt!qsjps!up!fbdi!dpousbdu!spmm-!vtjoh!uif!sbujp!cfuxffo!uif!ofyu!boe!qsfwj.
pvt!dpousbdu!qsjdft!up!sftdbmf!bmm!qsfdfejoh!qsjdft/!Uijt!qspdftt!fotvsft!uibu!sfuvsot!boe!bmm!
qsjdf.cbtfe!gfbuvsft!sfnbjo!dpotjtufou!bdsptt!uif!tfsjft-!bwpjejoh!bsujgjdjbm!kvnqt!dbvtfe!cz!
spmm!fggfdut/!Gps!sfuvso.cbtfe!gfbuvsft-!bmm!qsjdft!opu!efopnjobufe!jo!VT!epmmbst!xfsf!dpowfsufe!
up!VT!epmmbst/!Xifo!J!dpnqvufe!qsjdf!sbujpt-!ipxfwfs-!dpousbdut!xfsf!nbjoubjofe!jo!uifjs!mpdbm!
dvssfodz!up!njojnj{f!uif!jogmvfodf!pg!fydibohf!sbuf!npwfnfout!po!ebjmz!qsjdf!ezobnjdt/

Bt!pvumjofe!jo!uif!qsfwjpvt!tfdujpo-!J!dpotusvdufe!uif!gfbuvsf!tfu!po!uif!cbtjt!pg!cpui!uifpsfu.
jdbm!boe!qsbdujdbm!jotjhiut!gspn!uif!mjufsbuvsf/!Uifpsfujdbmmz!npujwbufe!gfbuvsft!jodmvef!dbssz-!
ujnf.tfsjft!npnfouvn-!dsptt.tfdujpobm!npnfouvn-!cbtjt!npnfouvn-!boe!jejptzodsbujd!
wpmbujmjuz-!xijdi!bsf!xfmm!epdvnfoufe!jo!fnqjsjdbm!bttfu!qsjdjoh!tuvejft/!Qsbdujdbmmz!npujwbufe!
tjhobmt!xfsf!esbxo!gspn!xjefmz!vtfe!ufdiojdbm!bobmztjt!ifvsjtujdt-!tvdi!bt!npwjoh!bwfsbhf!
dspttpwfst-!uif!sfmbujwf!tusfohui!joefy-!boe!npwjoh!bwfsbhft!pg!pqfo!joufsftu-!sfgmfdujoh!
tusbufhjft!pgufo!jnqmfnfoufe!cz!tztufnbujd!usbefst/!Uijt!qspdftt!sftvmufe!jo!b!upubm!pg!ojof!
ejtujodu!gfbuvsf!gbnjmjft-!fbdi!bjnjoh!up!dbquvsf!ejggfsfou!tusvduvsbm!btqfdut!pg!dpnnpejuz!
qsjdf!cfibwjps/

Jo!mjof!xjui!tuboebse!qsbdujdft!jo!frvjuz.cbtfe!nbdijof!mfbsojoh!sftfbsdi!boe!jotqjsfe!cz!uif!
mpplcbdl!xjoepx!qbsbnfufs!)K*!jo!Kfhbeffti!boe!Ujunbo!)3112*-!J!bqqmjfe!25!ejggfsfou!mpplcbdl!
qfsjpet!up!fbdi!pg!uif!ojof!gfbuvsf!uzqft/!Uif!mpplcbdlt-!fyqsfttfe!jo!usbejoh!ebzt-!bsf!21-!
33-!55-!77-!99-!241-!311-!363-!411-!493-!511-!615-!711-!boe!867/!Uiftf!xjoepxt!bsf!eftjhofe!
up!tqbo!vmusb.tipsu.ufsn-!tipsu.ufsn-!nfejvn.ufsn-!mpoh.ufsn-!boe!vmusb.mpoh.ufsn!ipsj{pot-!
bmmpxjoh!uif!npefmt!up!mfbso!gspn!usfoe!ezobnjdt!boe!tfbtpobm!qbuufsot/!Uijt!bqqspbdi!zjfmefe!
b!upubm!pg!237!ejtujodu!ebjmz!gfbuvsft!qfs!dpousbdu/

Uif!gvmm!ebubtfu!dpotjtut!pg!bqqspyjnbufmz!51!njmmjpo!ebub!qpjout!bdsptt!dpousbdut-!ebuft-!boe!
gfbuvsft/!Gps!tvqfswjtfe!nbdijof!mfbsojoh-!J!dpnqvufe!ebjmz!sfuvsot!gspn!dpoujovpvt!gvuvsft!



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

162    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

Fy
ij

cj
u!3

/!J
ow

ft
un

fo
u!V

oj
wf

st
f

G
ro

up
 L

ev
el

 1
G

ro
up

 L
ev

el
 2

C
on

tr
ac

t/
Ex

ch
an

ge
 N

am
e

G
ro

up
 L

ev
el

 1
G

ro
up

 L
ev

el
 2

C
on

tr
ac

t/
Ex

ch
an

ge
 N

am
e

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

D
bo

pm
b!

)JD
F!

D
bo

be
b*

Fo
fs

hz
`g

vu
hb

t
O

bu
vs

bm
!H

bt
!)O

Z
N

FY
!Ɵ

!
D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

D
ps

o!
)D

CP
U!

Ɵ!
D
N

F!
H

sp
vq

*
Fo

fs
hz

`g
vu

hb
t

Qs
pq

bo
f!

Ɵ!
N

u!C
fm

wj
fv

!M
E

I
!

)O
Z
N

FY
!Ɵ

!D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

D
sv

ef
!Q

bm
n

!P
jm!

)C
vs

tb
!

N
bm

bz
tj

b!
E

fs
jw

bu
jw

ft
!Ɵ

!C
N

E
*

Fo
fs

hz
`g

vu
pj

m
Cs

fo
u!D

sv
ef

!P
jm!

)JD
F!

Fv
sp

qf
*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

N
jmm

jo
h!

X
if

bu
!)F

vs
po

fy
u!Ɵ

!!
N

BU
JG

*
Fo

fs
hz

`g
vu

pj
m

Fu
ib

op
m!)

D
CP

U!
Ɵ!

D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

Sb
qf

tf
fe

!)F
vs

po
fy

u*
Fo

fs
hz

`g
vu

pj
m

Mp
x

!T
vm

gv
s!H

bt
pj

m!!
)JD

F!
Fv

sp
qf

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

Sp
vh

i!
S
jd

f!
)D

CP
U!

Ɵ!
D
N

F!
H

sp
vq

*
Fo

fs
hz

`g
vu

pj
m

O
Z
!I

bs
cp

s!V
MT

E
!Ɵ

!
V

mus
b!

Mp
x

!T
vm

gv
s!E

jf
tf

m!
)O

Z
N

FY
!Ɵ

!D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

Tp
zc

fb
o!

N
fb

m!)
D
CP

U!
Ɵ!

D
N

F!
H

sp
vq

*
Fo

fs
hz

`g
vu

pj
m

S
CP

C!
H

bt
pm

jo
f!

)O
Z
N

FY
!Ɵ

!
D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

Tp
zc

fb
o!

P
jm!

)D
CP

U!
Ɵ!

D
N

F!
H

sp
vq

*
Fo

fs
hz

`g
vu

pj
m

X
UJ

!D
sv

ef
!P

jm!
)O

Z
N

FY
!Ɵ

!
D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

Tp
zc

fb
ot

!)D
CP

U!
Ɵ!

D
N

F!
H

sp
vq

*
N

fu
bm

t
cb

tf
`n

fu
bm

t
D
pq

qf
s!)

D
P

N
FY

!Ɵ
!D

N
F!

H
sp

vq
*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

X
if

bu
!Ɵ

!I
bs

e!
Sf

e!
X

jo
uf

s!
)L

D
CU

!Ɵ
!D

N
F!

H
sp

vq
*

N
fu

bm
t

cb
tf

`n
fu

bm
t

Jsp
o!

P
sf

!7
3&

!G
f!

D
GS

!
D
ij

ob
!)T

H
Y
*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

X
if

bu
!Ɵ

!S
fe

!T
qs

jo
h!

)N
H

FY
!Ɵ

!
D
N

F!
H

sp
vq

*
N

fu
bm

t
cb

tf
`n

fu
bm

t
Mf

be
!)M

N
F*

B
hs

jd
vm

uv
sb

mt
hs

bj
ot

`p
jmt

ff
et

X
if

bu
!Ɵ

!T
pg

u!S
fe

!X
jo

uf
s!

)D
CP

U!
Ɵ!

D
N

F!
H

sp
vq

*
N

fu
bm

t
cb

tf
`n

fu
bm

t
O

jd
lf

m!)
MN

F*



Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvsft;!Csjehjoh!Ebub-!Uifpsz-!boe!Sfuvso!Qsfejdubcjmjuz

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    163

G
ro

up
 L

ev
el

 1
G

ro
up

 L
ev

el
 2

C
on

tr
ac

t/
Ex

ch
an

ge
 N

am
e

G
ro

up
 L

ev
el

 1
G

ro
up

 L
ev

el
 2

C
on

tr
ac

t/
Ex

ch
an

ge
 N

am
e

B
hs

jd
vm

uv
sb

mt
mjw

ft
up

dl
Gf

fe
fs

!D
bu

umf
!)D

N
F*

N
fu

bm
t

cb
tf

`n
fu

bm
t

Qs
jn

bs
z!

B
mv

n
jo

vn
!)M

N
F*

B
hs

jd
vm

uv
sb

mt
mjw

ft
up

dl
Mf

bo
!I

ph
t!

)D
N

F*
N

fu
bm

t
cb

tf
`n

fu
bm

t
[j

od
!)M

N
F*

B
hs

jd
vm

uv
sb

mt
mjw

ft
up

dl
Mj

wf
!D

bu
umf

!)D
N

F*
N

fu
bm

t
qs

fd
jp

vt
`n

fu
bm

t
H

pm
e!

21
1!

p{
!)D

P
N

FY
!Ɵ

!
D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

D
pd

pb
!)J

D
F!

V
T*

N
fu

bm
t

qs
fd

jp
vt

`n
fu

bm
t

Qb
mmb

ej
vn

!)O
Z
N

FY
!Ɵ

!D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

D
pg

gf
f!

B
sb

cj
db

!)J
D
F!

V
T*

N
fu

bm
t

qs
fd

jp
vt

`n
fu

bm
t

Qm
bu

jo
vn

!)O
Z
N

FY
!Ɵ

!D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

D
pg

gf
f!

Sp
cv

tu
b!

)JD
F!

Fv
sp

qf
*

N
fu

bm
t

qs
fd

jp
vt

`n
fu

bm
t

Tj
mw

fs
!)D

P
N

FY
!Ɵ

!D
N

F!
H

sp
vq

*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

D
pu

up
o!

O
p/

3!
)JD

F!
V

T*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

Gs
p{

fo
!D

po
df

ou
sb

uf
e!

P
sb

oh
f!

Kv
jd

f!
)JD

F!
V

T*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

Sv
cc

fs
!)P

TF
!Ɵ

!P
tb

lb
!

Fy
di

bo
hf

*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

Tv
hb

s!$
22

!Ɵ
!S

bx
!T

vh
bs

!!
)JD

F!
V

T*

B
hs

jd
vm

uv
sb

mt
tp

gu
t

Tv
hb

s!$
6!

Ɵ!
X

ij
uf

!T
vh

bs
!!

)JD
F!

Fv
sp

qf
*

Tp
vs

df
;!C

mp
pn

cf
sh

!M
MD

/



BJ!jo!Bttfu!Nbobhfnfou;!Uppmt-!Bqqmjdbujpot-!boe!Gspoujfst

164    DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo

qsjdf!tfsjft!pwfs!wbsjpvt!qsfejdujpo!ipsj{pot;!6-!21-!33-!55-!77-!91-!211-!boe!311!ebzt/!Fbdi!
qsfejdujpo!ipsj{po!dpssftqpoet!up!b!tfqbsbuf!tvqfswjtfe!mfbsojoh!npefm-!fobcmjoh!uif!bobmztjt!
pg!ujnf.wbszjoh!qsfejdubcjmjuz!bdsptt!ipsj{pot/!Bmm!gfbuvsft!boe!ubshfu!wbsjbcmft!bsf!opsnbmj{fe!
joup!qfsdfoujmft!up!fotvsf!dpnqbsbcjmjuz!bdsptt!dpnnpejujft!boe!pwfs!ujnf-!njujhbujoh!tdbmf!
ejggfsfodft!boe!foibodjoh!npefm!tubcjmjuz!evsjoh!usbjojoh/!Exhibit 3!tipxt!uif!dpssfmbujpo!
ifbunbq!pg!qfsdfoujmf.usbotgpsnfe!gfbuvsft/!Ju!sfwfbmt!uibu!tfwfsbm!gfbuvsf!gbnjmjft-!tvdi!bt!
CBTJTNPN-!DBSSZ-!boe!TLFX-!bsf!mbshfmz!vodpssfmbufe!xjui!fbdi!puifs-!joejdbujoh!uifz!dbquvsf!
ejtujodu!ejnfotjpot!pg!sfuvso!qsfejdubcjmjuz/!Xjuijo!joejwjevbm!gbnjmjft-!uif!jnqbdu!pg!mpplcbdl!
qbsbnfufst!wbsjft;!JWPM!gfbuvsft!bsf!ijhimz!dpssfmbufe!bdsptt!ejggfsfou!ipsj{pot-!tvhhftujoh!uibu!
uif!dipjdf!pg!mpplcbdl!ibt!mjnjufe!jogmvfodf!po!uifjs!jogpsnbujpo!dpoufou-!xijmf!tvdi!gfbuvsft!
bt!NPN-!UTNPN-!boe!STJ!tipx!hsfbufs!wbsjbujpo!xjui!ipsj{po!mfohui-!ijhimjhiujoh!uifjs!tfotj.
ujwjuz!up!uif!mpplcbdl!qbsbnfufs/

Cfdbvtf!uif!tdpqf!pg!uijt!dibqufs!jt!opu!up!dpnqbsf!ejggfsfou!tvqfswjtfe!npefmt!cvu!sbuifs!up!
gpdvt!po!uif!bqqmjdbujpo!pg!NM!up!dpnnpejujft-!J!tfmfdufe!b!tjohmf!uzqf!pg!NM!npefmƠb!sfhsft.
tjpo!cpptufe!usff!npefmƠup!usbjo!pwfs!bmm!uif!wbsjpvt!qsfejdujpo!ipsj{pot/!Cpptufe!usfft!bsf!b!
qpxfsgvm!boe!sfhvmbsj{fe!jnqmfnfoubujpo!pg!hsbejfou!cpptujoh-!xjefmz!vtfe!jo!dsptt.tfdujpobm!
gjobodf!)tff!Hvjeb!boe!Dprvfsfu!312:*/!Jotufbe!pg!gjuujoh!pof!mbshf!usff-!uif!bmhpsjuin!cvjmet!
bo!fotfncmf!pg!tibmmpx!usfft-!xifsf!fbdi!ofx!usff!gpdvtft!po!dpssfdujoh!uif!sftjevbmt!pg!uif!

Fyijcju!4/!Dpssfmbujpo!Ifbunbq!pg!Qfsdfoujmf.Usbotgpsnfe!Gfbuvsft!
pwfs!uif!Gvmm!Tbnqmf
CBTJTNPN21
CBTJTNPN33

CBTJTNPN493
CBTJTNPN615
CBTJTNPN867

JWPM241
JWPM363
JWPM511
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STJ21
STJ33

STJ493
STJ615
STJ867

TLFX241
TLFX363
TLFX511
TLFX711
TLFX99

UTNPN311
UTNPN411
UTNPN55
UTNPN77

CB
TJ

TN
P

N
21

CB
TJ

TN
P

N
31

1
CB

TJ
TN

P
N

36
3

CB
TJ

TN
P

N
49

3
CB

TJ
TN

P
N

55
CB

TJ
TN

P
N

71
1

CB
TJ

TN
P

N
86

7
JW

P
M2

1
JW

P
M3

11
JW

P
M3

63
JW

P
M4

93
JW

P
M5

5
JW

P
M7

11
JW

P
M8

67
N

B
21

N
B
31

1
N

B
36

3
N

B
49

3
N

B
55

N
B
71

1
N

B
86

7
N

B
W
21

N
B
W
31

1
N

B
W
36

3
N

B
W
49

3
N

B
W
55

N
B
W
71

1
N

B
W
86

7
N

P
N

21
N

P
N

31
1

N
P

N
36

3
N

P
N

49
3

N
P

N
55

N
P

N
71

1
N

P
N

86
7

D
B
S
S
Z
31

1
D
B
S
S
Z
21

D
B
S
S
Z
36

3
D
B
S
S
Z
49

3
D
B
S
S
Z
55

D
B
S
S
Z
71

1
D
B
S
S
Z
86

7
S
TJ

21
S
TJ

31
1

S
TJ

36
3

S
TJ

49
3

S
TJ

55
S
TJ

71
1

S
TJ

86
7

TL
FX

21
TL

FX
31

1
TL

FX
36

3
TL

FX
49

3
TL

FX
55

TL
FX

71
1

TL
FX

86
7

UT
N

P
N

21
UT

N
P

N
31

1
UT

N
P

N
36

3
UT

N
P

N
49

3
UT

N
P

N
55

UT
N

P
N

71
1

UT
N

P
N

86
7

2/11

1/86

1/61

1/36

1/11

Ɵ1/36

Ɵ1/61

Ɵ1/86

Tpvsdf;!Cmppncfsh!MMD/



Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvsft;!Csjehjoh!Ebub-!Uifpsz-!boe!Sfuvso!Qsfejdubcjmjuz

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    165

qsfwjpvt!poft/!Uijt!tfrvfoujbm!mfbsojoh!qspdftt!fobcmft!uif!npefm!up!dbquvsf!dpnqmfy-!opo.
mjofbs!joufsbdujpot!cfuxffo!qsfejdupst!boe!uif!ubshfu!wbsjbcmf/!Bu!fbdi!jufsbujpo-!cpptufe!usfft!
njojnj{f!b!sfhvmbsj{fe!pckfdujwf!gvodujpo!uibu!dpncjoft!b!ejggfsfoujbcmf!mptt-!tvdi!bt!trvbsfe!
fssps!ps!mphjtujd!mptt-!xjui!qfobmujft!po!npefm!dpnqmfyjuz-!jodmvejoh!uif!ovncfs!pg!mfbwft!boe!
uif!nbhojuvef!pg!mfbg!xfjhiut/!Uif!bmhpsjuin!mfwfsbhft!cpui!uif!hsbejfou!boe!uif!Ifttjbo!pg!
uif!mptt!gvodujpo!up!dpotusvdu!bo!bddvsbuf!bqqspyjnbujpo!pg!uif!pqujnbm!usff!tusvduvsf/!Tqmju!
rvbmjuz!jt!fwbmvbufe!vtjoh!b!tfdpoe.psefs!Ubzmps!fyqbotjpo-!xijdi!hvjeft!uif!npefm!upxbse!
qbsujujpot!uibu!fggfdujwfmz!sfevdf!uif!mptt!xijmf!nbjoubjojoh!qbstjnpoz/!Uiftf!ufdiojdbm!sfgjof.
nfout!nblf!cpptufe!usfft!ftqfdjbmmz!fggfdujwf!jo!gjobodjbm!tfuujoht-!xifsf!qsfejdujwf!tjhobmt!bsf!
pgufo!tvcumf!boe!fncfeefe!jo!opjtz!ebub/

Fbdi!cpptufe!usff!npefm!jt!usbjofe!vtjoh!bo!fyqboejoh!xjoepx!bqqspbdi-!cfhjoojoh!xjui!b!
njojnvn!pg!uisff!zfbst!pg!ijtupsjdbm!ebub/!Gps!uif!jojujbm!usbjojoh!xjoepx!pg!gjwf!zfbst-!:1&!pg!
uif!pctfswbujpot!bsf!vtfe!gps!usbjojoh!boe!uif!sfnbjojoh!21&-!dpssftqpoejoh!up!bqqspyjnbufmz!
tjy!npouit-!bsf!sftfswfe!gps!pvu.pg.tbnqmf!uftujoh/!Jo!tvctfrvfou!jufsbujpot-!uif!uftu!tfu!jt!lfqu!
gjyfe!up!fotvsf!uibu!uif!usbjojoh!ebub!ep!opu!cfdpnf!upp!ufnqpsbmmz!ejtubou!gspn!uif!qsfejdujpo!
qfsjpe/!Npefmt!bsf!sfusbjofe!boovbmmz!cz!fyufoejoh!uif!usbjojoh!xjoepx!up!jodpsqpsbuf!uif!nptu!
sfdfou!ebub-!xijmf!nbjoubjojoh!b!gjyfe.mfohui-!opo.pwfsmbqqjoh!tjy.npoui!uftu!tfu/!Up!bwpje!mppl.
bifbe!cjbt-!qbsujdvmbsmz!jo!npefmt!uibu!qsfejdu!mpoh.ufsn!sfuvsot!)tvdi!bt!uif!311.ebz!gpsxbse!
ipsj{po*-!b!ufnqpsbm!cvggfs!jt!jouspevdfe/!Tqfdjgjdbmmz-!uif!foe!ebuf!pg!uif!uftu!gfbuvsft!jt!tijgufe!
up!fotvsf!uibu!uif!sfuvso!mbcfm!xjoepx!epft!opu!fyufoe!joup!uif!tvctfrvfou!qsfejdujpo!qfsjpe/!
Gps!fybnqmf-!jg!uif!ofyu!qsfejdujpo!qfsjpe!cfhjot!jo!Kbovbsz!3134-!uif!uftu!gfbuvsft!gps!b!311.ebz!
ipsj{po!npefm!xpvme!foe!jo!Kbovbsz!3133/!Uijt!bekvtunfou!jtpmbuft!uif!usbjojoh!boe!uftujoh!
qibtft!boe!qsfwfout!boz!mfblbhf!pg!gvuvsf!jogpsnbujpo/

Cfdbvtf!tpnf!izqfsqbsbnfufst!jouspevdf!sboepnoftt-!fbdi!npefm!jt!svo!31!ujnft!xjui!ejggfs.
fou!sboepn!tffet!gps!fbdi!ubshfu!wbsjbcmf/!Uif!sftvmut!bsf!uifo!bwfsbhfe!up!sfevdf!tubujtujdbm!
opjtf!boe!jnqspwf!spcvtuoftt/!Dpotjtufou!xjui!tuboebse!qsbdujdf!jo!gjobodjbm!nbdijof!mfbsojoh-!
J!usfbu!uif!npefmƢt!pvuqvu!opu!bt!b!qpjou!gpsfdbtu!cvu!bt!b!sboljoh!tjhobm/!Fbdi!tvqfswjtfe!npefm!
qspevdft!ebjmz!qsfejdujpot!bdsptt!bttfut-!xijdi!J!joufsqsfu!bt!dsptt.tfdujpobm!tdpsft/!Uiftf!
tdpsft!bsf!uifo!opsnbmj{fe!joup!rvboujmft!boe!vtfe!up!tpsu!bttfut!joup!b!mpohƟtipsu!qpsugpmjp-!
jo!b!nboofs!dmptfmz!bmjhofe!xjui!usbejujpobm!gbdups.cbtfe!jowftujoh/!Uif!tbnf!tdpsf!esjwft!cpui!
qpsugpmjp!dpotusvdujpo!boe!xfjhiujoh;!Bttfut!xjui!uif!ijhiftu!qsfejdufe!sfuvsot!bsf!bttjhofe!
up!uif!mpoh!mfh-!boe!uiptf!xjui!uif!mpxftu!tdpsft!qpqvmbuf!uif!tipsu!mfh/!Xjuijo!fbdi!mfh-!
qptjujpo!tj{ft!bsf!qspqpsujpobm!up!uif!tdpsft!uifntfmwft-!hjwjoh!npsf!xfjhiu!up!uif!nptu!dpo.
gjefou!qsfejdujpot/!Uijt!tfuvq!fotvsft!uibu!uif!npefmƢt!sfmbujwf!dpowjdujpot!bsf!gvmmz!sfgmfdufe!
jo!uif!qpsugpmjp/!J!gjy!uif!hsptt!fyqptvsf!pg!fbdi!mfh!bu!2-!sftvmujoh!jo!b!upubm!hsptt!fyqptvsf!pg!3/!
Uif!qspdftt!jt!sfqfbufe!joefqfoefoumz!gps!fbdi!qsfejdujpo!ipsj{po-!fobcmjoh!ipsj{po.tqfdjgjd!
qpsugpmjp!wjfxt/

Npefm!izqfsqbsbnfufst!bsf!uvofe!tfqbsbufmz!gps!fbdi!ubshfu!ipsj{po!boe!sfcbmbodjoh!qpjou!
wjb!b!mjhiu!hsje!tfbsdi!)gps!fbdi!izqfsqbsbnfufs-!J!tfmfdufe!uisff!wbsjbout*-!dipptjoh!uif!cftu!
qbsbnfufs!tfu!uibu!njojnj{ft!uif!nfbo!trvbsfe!fssps/!Uif!hsje!tfbsdi!fyqmpsft!usff!efqui!
)gspn!2!up!4*-!mfbsojoh!sbuf!)gspn!1/16!up!1/116*-!ovncfs!pg!usfft!)gspn!61!up!261*-!gfbuvsf!
tvctbnqmjoh!qfs!usff!)gspn!1/66!up!1/96*-!boe!gfbuvsf!tvctbnqmjoh!qfs!mfwfm!)gspn!1/66!up!1/96*-!
cbmbodjoh!npefm!dpnqmfyjuz!xjui!pvu.pg.tbnqmf!spcvtuoftt/!Uif!M3!sfhvmbsj{bujpo!qbsbnfufs!jt!
ifme!bu!jut!efgbvmu!wbmvf!pg!2/
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Sftvmut;!Joufsqsfujoh!Gfbuvsf!Jnqpsubodf!bdsptt!Ipsj{pot!
boe!Npefmt
Jo!mjofbs!npefmt-!dpfggjdjfout!sfqsftfou!uif!nbshjobm!dpousjcvujpo!pg!fbdi!qsfejdups!up!uif!ubshfu!
wbsjbcmf/!Bmuipvhi!usff.cbtfe!npefmt-!tvdi!bt!hsbejfou!cpptujoh-!ep!opu!zjfme!dpfggjdjfout!jo!uif!
dmbttjdbm!tfotf-!uifz!ep!qspwjef!gfbuvsf!jnqpsubodf!tdpsft!uibu!sfgmfdu!uif!sfmbujwf!dpousjcvujpo!
pg!fbdi!gfbuvsf!up!uif!npefmƢt!qsfejdujpot/!Uiftf!tdpsft!dbo!cf!efsjwfe!vtjoh!wbsjpvt!nfusjdt-!
tvdi!bt!uif!gpmmpxjoh;

	● Hbjo;!uif!jnqspwfnfou!jo!uif!npefmƢt!mptt!gvodujpo!cspvhiu!cz!b!gfbuvsf!xifo!ju!jt!vtfe!up!
tqmju!uif!ebub

	● Dpwfs;!uif!ovncfs!pg!tbnqmft!bggfdufe!cz!tqmjut!po!uibu!gfbuvsf

	● Gsfrvfodz;!ipx!pgufo!b!gfbuvsf!jt!vtfe!jo!tqmjut!bdsptt!bmm!usfft

Bmufsobujwfmz-!TIBQ!)TIbqmfz!Beejujwf!fyQmbobujpot*!wbmvft!)Tibqmfz!2:64*!pggfs!b!hbnf.!
uifpsfujd!bqqspbdi!up!gfbuvsf!buusjcvujpo/!TIBQ!wbmvft!bttjho!fbdi!gfbuvsf!b!dpousjcvujpo!wbmvf!
gps!joejwjevbm!qsfejdujpot-!fobcmjoh!cpui!mpdbm!)qfs.tbnqmf*!boe!hmpcbm!)bhhsfhbufe*!joufsqsfu.
bcjmjuz/!Vomjlf!hbjo!ps!gsfrvfodz-!TIBQ!wbmvft!bsf!dpotjtufou!boe!qspwjef!beejujwf!fyqmbobujpot!
bdsptt!gfbuvsft/!Bt!Tjnpojbo-!Xv-!Jubop-!boe!Obsbzbobn!)312:*!qspqptfe-!gfbuvsf!jnqpsubodf!
dbo!cf!joufsqsfufe!bt!qtfvep.cfubt-!pggfsjoh!b!ejsfdujpomftt!zfu!jogpsnbujwf!nfbtvsf!pg!nbs.
hjobm!qsfejdujwf!qpxfs/!Uijt!dpodfqu!qmbzt!b!dfousbm!spmf!jo!joufsqsfujoh!nbdijof!mfbsojoh!npefmt-!
pgufo!)xspohmz*!tffo!bt!pqbrvf-!boe!pggfst!jotjhiut!joup!xijdi!tjhobmt!uif!npefm!sfmjft!po!boe!
ipx!uijt!sfmjbodf!fwpmwft!uispvhi!ujnf/!Voefstuboejoh!xijdi!dibsbdufsjtujdt!jogmvfodf!npefm!
qsfejdujpot!ejsfdumz!sfmbuft!up!uif!joufsqsfubcjmjuz!dibmmfohft!ejtdvttfe!jo!fnqjsjdbm!bttfu!qsjdjoh!
bqqmjdbujpot!vtjoh!nbdijof!mfbsojoh!)Hv-!Lfmmz-!boe!Yjv!3131*/

Jo!Exhibit 4-!J!sfqpsu!uif!upq!21!opsnbmj{fe!gfbuvsf!jnqpsubodf!wbmvft!gps!fbdi!npefm!cbtfe!
po!ejggfsfou!ubshfu!ipsj{pot-!vtjoh!b!mbtu.21.zfbs!xjoepx!gps!dmbsjuzƢt!tblf/!Fbdi!ubcmf!jt!tpsufe!
cz!uif!dvnvmbujwf!jnqpsubodf!pg!fbdi!gfbuvsf!bdsptt!uif!mbtu!21!zfbst/!Po!bwfsbhf-!uif!upq!21!
gfbuvsft!bddpvou!gps!31&!pg!upubm!jnqpsubodf-!xijmf!uif!upq!61!gfbuvsft!fyqmbjo!spvhimz!77&/!
Cfdbvtf!pg!sfhvmbsj{bujpo!dpotusbjout-!po!bwfsbhf!bcpvu!51!pg!uif!237!joqvu!gfbuvsft!bsf!dpotjt.
ufoumz!vovtfe!cz!uif!npefmt/

Uif!npefmt!bsf!usbjofe!jo!bo!fyqboejoh!xjoepx!gsbnfxpsl-!nfbojoh!uibu!gfbuvsf!jnqpsubodf!
jo!b!hjwfo!zfbs!sfgmfdut!dvnvmbujwf!mfbsojoh!vq!up!uibu!qpjou/!Gps!jotubodf-!jnqpsubodf!wbmvft!
pctfswfe!gps!foe.pg.zfbs!3131!npefmt!jodmvef!ebub!gspn!Kbovbsz!2::5!up!Nbz!3131-!zfu!nfbo.
johgvm!tijgut!pddvs!jo!npefm!cfibwjps!gpmmpxjoh!uif!potfu!pg!uif!DPWJE.2:!dsjtjt/!Uijt!fggfdu!jt!
ftqfdjbmmz!qspopvodfe!jo!tipsu.ipsj{po!npefmt-!tvdi!bt!uif!6.ebz!boe!21.ebz!wbsjbout/!Bt!npsf!
qptudsjtjt!ebub!foufs!uif!usbjojoh!tfu-!uiftf!npefmt!bekvtu!sbqjemz/!Jo!dpousbtu-!mpohfs.ipsj{po!
npefmt-!tvdi!bt!uif!311.ebz!wfstjpo-!fyijcju!hsfbufs!tubcjmjuz-!xjui!mjuumf!dibohf!pctfswfe!
cfuxffo!312:!boe!3131/!Uijt!cfibwjps!sfgmfdut!uif!npefmƢt!sfhvmbsj{bujpo!cjbt!upxbse!qfstjtufou!
tjhobmt!boe!jut!bwfstjpo!up!votubcmf!gfbuvsf!ezobnjdt/

Pof!pg!uif!nptu!dpotjtufou!gjoejoht!bdsptt!npefmt!boe!ujnfgsbnft!jt!uif!epnjobodf!pg!
npnfouvn.cbtfe!tjhobmt-!qbsujdvmbsmz!ujnf.tfsjft!npnfouvn/!UTNPN363!bqqfbst!jo!uif!
upq!21!gfbuvsft!gps!fwfsz!npefm-!boe!UTNPN411!jt!sbolfe!tjnjmbsmz!jo!tjy!pvu!pg!fjhiu!npefmt/!
Bmuipvhi!wbmjebujoh!uif!gbdups!jowftujoh!mjufsbuvsf!jt!opu!uif!qsjnbsz!pckfdujwf!pg!uijt!dibqufs-!
uif!sftvmut-!efsjwfe!gspn!b!qvsfmz!ebub.esjwfo!cpptufe!usff!npefm-!dpogjsn!uif!qsfejdujwf!qpxfs!
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Fyijcju!5/!Zfbsmz!Opsnbmj{fe!GfbuvsftƢ!Jnqpsubodf
Feature

Feature

Feature

Feature

Feature

NPN363
TLFX241
UTNPN363
CBTJTNPN241
NPN99
TLFX311
UTNPN411
TLFX511
DBSSZ77
NPN867

NPN363
UTNPN363
TLFX241
CBTJTNPN241
TLFX311
UTNPN411
TLFX493
CBTJTNPN77
TLFX867
TLFX711

NPN363
UTNPN363
TLFX241
TLFX311
UTNPN411
TLFX363
CBTJTNPN241
NPN867
TLFX493
CBTJTNPN311

UTNPN363
NPN363
CBTJTNPN311
TLFX363
CBTJTNPN241
UTNPN411
CBTJTNPN99
TLFX241
DBSSZ99
TLFX867

UTNPN363
TLFX363
CBTJTNPN241
CBTJTNPN311
TLFX411
TLFX241
NPN363
UTNPN411
TLFX711
TLFX511

Target_Variable

Target_Variable

Target_Variable

Target_Variable

Target_Variable

6e
6e
6e
6e
6e
6e
6e
6e
6e
6e

21e
21e
21e
21e
21e
21e
21e
21e
21e
21e

33e
33e
33e
33e
33e
33e
33e
33e
33e
33e

55e
55e
55e
55e
55e
55e
55e
55e
55e
55e

77e
77e
77e
77e
77e
77e
77e
77e
77e
77e

2013

3/4&
2/6&
2/:&
2/6&
3/5&
2/6&
2/7&
2/5&
2/4&
2/3&

2013

3/5&
2/:&
2/3&
2/7&
2/4&
3/2&
2/5&
2/5&
2/4&
2/5&

2013

3/8&
3/5&
2/7&
2/7&
3/4&
1/1&
2/4&
2/4&
2/9&
2/5&

2013

3/7&
3/4&
2/8&
2/9&
2/5&
3/1&
2/7&
2/4&
2/8&
2/7&

2013

3/7&
2/5&
2/2&
2/7&
2/4&
2/3&
3/1&
2/:&
2/7&
3/2&

2014

3/4&
2/6&
2/:&
2/7&
3/1&
2/6&
2/5&
2/5&
2/5&
2/4&

2014

3/5&
2/:&
2/3&
2/6&
2/4&
3/2&
2/5&
2/5&
2/6&
2/1&

2014

3/8&
3/6&
2/8&
2/7&
3/9&
1/:&
2/6&
2/5&
2/9&
2/4&

2014

3/9&
3/7&
2/6&
1/:&
2/4&
3/1&
2/6&
2/7&
2/7&
2/6&

2014

4/3&
2/4&
2/8&
2/9&
2/8&
2/4&
3/:&
3/5&
2/:&
3/4&

2015

6/9&
3/4&
4/9&
3/6&
6/3&
3/4&
5/3&
3/4&
3/5&
2/:&

2015

7/8&
4/9&
3/6&
4/7&
3/1&
5/6&
3/7&
4/2&
4/2&
4/2&

2015

6/6&
7/6&
4/5&
2/8&
5/8&
1/1&
4/1&
3/8&
3/3&
1/1&

2015

6/7&
6/9&
4/9&
1/1&
3/6&
6/1&
4/6&
3/6&
3/9&
4/9&

2015

6/6&
1/1&
3/9&
4/7&
3/5&
4/3&
6/1&
5/2&
4/8&
4/:&

2016

5/9&
3/2&
4/2&
4/5&
2/9&
3/2&
3/3&
2/6&
3/3&
2/:&

2016

6/5&
4/9&
4/2&
5/3&
3/3&
3/:&
2/:&
3/:&
3/6&
3/5&

2016

6/7&
6/6&
3/:&
3/5&
4/:&
1/1&
4/2&
3/5&
3/3&
1/1&

2016

4/6&
4/5&
3/9&
3/7&
3/3&
3/6&
3/5&
1/1&
3/5&
3/1&

2016

4/4&
2/6&
3/1&
3/6&
2/6&
3/1&
3/:&
2/7&
3/2&
3/1&

2017

3/6&
2/7&
2/9&
2/9&
3/1&
2/5&
2/6&
2/3&
2/6&
2/4&

2017

4/2&
4/5&
2/9&
3/7&
2/9&
3/1&
2/5&
2/9&
3/3&
2/9&

2017

3/3&
3/5&
2/8&
2/6&
2/7&
2/7&
2/9&
2/6&
2/6&
2/5&

2017

4/9&
4/2&
4/1&
3/9&
3/8&
3/6&
4/1&
3/3&
4/1&
3/4&

2017

4/4&
3/3&
4/1&
3/8&
2/9&
2/9&
1/1&
2/8&
3/5&
2/9&

2018

:/4&
5/5&
5/:&
5/1&
5/6&
4/:&
5/2&
2/:&
3/6&
3/:&

2018

4/4&
4/3&
3/1&
3/4&
3/1&
3/5&
2/4&
2/9&
3/2&
2/6&

2018

3/:&
4/7&
3/1&
3/1&
3/:&
2/:&
3/1&
2/9&
2/:&
2/6&

2018

3/9&
3/6&
3/5&
2/8&
3/3&
2/:&
3/1&
2/9&
3/1&
2/7&

2018

4/1&
2/5&
3/3&
3/6&
3/2&
3/1&
3/1&
3/6&
2/7&
2/8&

2019

3/4&
2/8&
2/:&
3/1&
2/:&
2/7&
2/7&
2/2&
2/4&
2/4&

2019

3/3&
3/4&
2/7&
3/1&
2/7&
2/8&
2/2&
2/3&
2/8&
2/4&

2019

3/2&
3/6&
3/1&
2/9&
3/3&
2/5&
2/:&
2/8&
2/8&
2/6&

2019

3/:&
2/6&
3/3&
2/:&
3/5&
3/4&
3/4&
3/1&
3/3&
2/8&

2019

3/8&
2/9&
3/4&
3/2&
3/1&
2/:&
2/3&
4/1&
2/:&
2/9&

2020

7/1&
7/3&
5/2&
4/:&
4/8&
5/5&
3/:&
4/4&
3/2&
3/6&

2020

5/1&
5/9&
6/2&
4/5&
4/6&
3/4&
3/8&
3/1&
3/7&
3/6&

2020

4/6&
5/7&
6/7&
5/1&
3/1&
5/8&
3/8&
3/8&
4/4&
4/5&

2020

4/2&
3/1&
3/:&
4/5&
3/6&
2/:&
3/6&
3/:&
3/1&
3/1&

2020

3/9&
3/:&
3/7&
3/4&
3/5&
3/8&
2/7&
2/5&
3/4&
3/3&

2021

4/5&
4/9&
3/6&
3/5&
2/:&
3/2&
2/7&
3/5&
3/1&
2/7&

2021

3/8&
3/9&
3/:&
3/5&
3/8&
2/9&
4/4&
2/9&
3/4&
3/6&

2021

6/5&
5/3&
8/6&
6/9&
4/3&
8/:&
4/:&
4/:&
6/2&
5/6&

2021

3/3&
2/9&
3/3&
4/2&
3/2&
2/7&
2/9&
3/4&
2/2&
3/2&

2021

3/4&
4/9&
3/6&
3/1&
3/5&
3/8&
2/7&
2/7&
3/2&
3/5&

2022

8/1&
8/:&
4/8&
6/1&
3/5&
6/4&
4/4&
5/7&
4/4&
4/1&

2022

6/6&
4/4&
7/5&
4/:&
7/1&
3/5&
7/7&
4/9&
1/1&
3/2&

2022

7/4&
4/5&
9/9&
9/3&
4/:&
9/4&
4/7&
5/4&
1/1&
5/3&

2022

4/7&
6/4&
6/9&
:/5&
6/6&
4/8&
4/4&
7/2&
4/3&
4/3&

2022

5/4&
21/6&
7/9&
7/5&
8/4&
6/4&
5/7&
4/3&
4/6&
4/2&

2023

3/4&
3/5&
2/7&
2/8&
2/8&
3/1&
2/5&
2/6&
2/4&
2/4&

2023

2/:&
2/8&
3/2&
2/6&
2/:&
2/7&
2/7&
2/3&
2/6&
2/4&

2023

3/1&
3/3&
3/4&
3/3&
2/5&
3/1&
2/7&
2/9&
2/3&
2/5&

2023

3/1&
2/:&
3/1&
3/8&
2/:&
2/4&
2/:&
3/6&
2/:&
2/:&

2023

3/1&
4/2&
3/3&
2/9&
2/:&
3/3&
2/7&
2/7&
2/7&
2/4&

Feature

UTNPN363
UTNPN311
TLFX241
CBTJTNPN241
CBTJTNPN311
TLFX311
TLFX363
JWPM511
UTNPN511
TLFX711

Target_Variable

99e
99e
99e
99e
99e
99e
99e
99e
99e
99e

2013

4/2&
4/2&
2/8&
2/9&
2/8&
2/8&
2/3&
2/8&
3/3&
3/6&

2014

6/9&
6/3&
3/4&
3/4&
3/6&
3/3&
1/1&
3/2&
5/1&
3/:&

2015

7/6&
7/1&
4/8&
4/3&
4/6&
3/6&
1/1&
3/7&
6/8&
4/:&

2016

4/5&
4/5&
2/:&
3/2&
3/8&
3/3&
1/1&
2/:&
4/4&
2/:&

2017

5/2&
5/2&
3/6&
3/8&
4/4&
3/8&
2/9&
3/3&
4/4&
3/4&

2018

3/:&
3/4&
3/1&
3/1&
3/2&
3/1&
2/7&
2/:&
2/2&
2/5&

2019

3/9&
3/4&
3/2&
3/2&
3/6&
3/1&
3/5&
2/:&
1/1&
2/8&

2020

3/5&
3/4&
4/4&
4/3&
3/7&
3/2&
4/2&
3/1&
2/8&
3/3&

2021

2/9&
2/:&
4/3&
3/:&
2/:&
2/9&
4/6&
3/2&
2/6&
3/4&

2022

4/4&
4/9&
8/:&
6/9&
6/4&
9/3&
:/2&
5/4&
1/1&
1/1&

2023

2/7&
2/7&
3/5&
3/2&
2/8&
2/9&
3/7&
2/9&
2/1&
2/5&
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pg!usfoe!tjhobmt!jo!dpnnpejuz!nbslfut/!Dsptt.tfdujpobm!npnfouvn!)NPN363*!bmtp!bqqfbst!
gsfrvfoumz!bnpoh!uif!nptu!jnqpsubou!gfbuvsft-!tvhhftujoh!uibu!cpui!bctpmvuf!boe!sfmbujwf!qsjdf!
ezobnjdt!bsf!joufhsbm!up!npefm!qfsgpsnbodf/

Bopuifs!opubcmf!sftvmu!jt!uif!qspnjofodf!pg!tlfxoftt.cbtfe!gfbuvsft-!qbsujdvmbsmz!jo!tipsu.ufsn!
npefmt/!Gps!fybnqmf-!TLFX241!boe!TLFX311!ejtqmbz!fmfwbufe!jnqpsubodf!jo!3133-!ftqfdjbmmz!
jo!npefmt!xjui!tipsufs!gpsfdbtu!ipsj{pot/!Uijt!gjoejoh!jt!dpotjtufou!xjui!uif!izqpuiftjt!uibu!
ofhbujwf!tlfxoftt!dbo!usjhhfs!tipsu.ufsn!qsjdf!pwfssfbdujpot-!gpmmpxfe!cz!sfwfstbmt!)Gfsoboef{.
Qfsf{!fu!bm/!3129*/!Jo!uijt!tfotf-!tipsu.ufsn!npefmt!ufoe!up!mpbe!npsf!po!sfwfstbm.uzqf!tjh.
obmt-!pgufo!dpncjojoh!tlfxoftt!xjui!npnfouvn!joejdbupst-!xifsfbt!mpohfs.ipsj{po!npefmt!
hsbwjubuf!npsf!ifbwjmz!upxbse!qvsf!usfoe.gpmmpxjoh!tjhobmt-!tvdi!bt!UTNPN/

Gjobmmz-!ju!jt!xpsui!opujoh!uibu!dmbttjdbm!ufdiojdbm!joejdbupst-!tvdi!bt!STJ-!NB-!boe!NBW-!sbol!
mpxfs!jo!jnqpsubodf!gps!bmnptu!bmm!ipsj{pot/!Sfhbsemftt!pg!mpplcbdl!qfsjpe-!uiftf!gfbuvsft!
bqqfbs!mftt!gsfrvfoumz!jo!uif!upq!21-!tvhhftujoh!uibu!xifo!dpnqfujoh!bhbjotu!npsf!bdbefnj.
dbmmz!hspvoefe!tjhobmt-!uifjs!nbshjobm!dpousjcvujpo!up!qsfejdujwf!bddvsbdz!jt!mjnjufe/

Qfsgpsnbodf!Bobmztjt!Dpnqbsjoh!Npefmt!boe!Fotfncmf
Exhibit 5!qsftfout!uif!efubjmfe!tubujtujdt!pg!mpohƟtipsu!qpsugpmjpt!dpotusvdufe!gps!fbdi!ubshfu!
ipsj{po/!Fbdi!mfh!pg!uif!mpohƟtipsu!qpsugpmjp!jt!xfjhiufe!bddpsejoh!up!jut!opsnbmj{fe!qsfejd.
ujpo!tdpsf/!Hjwfo!uif!obsspx!obuvsf!pg!uif!dpnnpejuz!jowftunfou!vojwfstf-!mjnjufe!up!pomz!

Fyijcju!5/!Zfbsmz!Opsnbmj{fe!GfbuvsftƢ!Jnqpsubodf!)dpoujovfe*
Feature

Feature

Feature

UTNPN363
UTNPN311
TLFX241
CBTJTNPN241
CBTJTNPN311
TLFX311
UTNPN511
JWPM511
TLFX711
TLFX511

UTNPN311
UTNPN363
JWPM411
JWPM493
UTNPN411
TLFX711
JWPM363
NPN711
NB867
UTNPN493

UTNPN363
TLFX241
CBTJTNPN241
NPN363
TLFX311
CBTJTNPN311
UTNPN411
TLFX711
UTNPN311
TLFX363

Target_Variable

Target_Variable

Target_Variable

211e
211e
211e
211e
211e
211e
211e
211e
211e
211e

311e
311e
311e
311e
311e
311e
311e
311e
311e
311e

fot
fot
fot
fot
fot
fot
fot
fot
fot
fot

2013

4/4&
4/3&
3/1&
3/2&
2/:&
2/8&
3/7&
2/9&
3/5&
3/:&

2013

4/3&
3/6&
2/7&
2/7&
4/2&
2/:&
2/:&
2/6&
2/7&
3/2&

2013

3/4&
2/4&
2/4&
2/8&
2/6&
2/4&
3/1&
2/7&
2/4&
1/8&

2014

5/6&
5/4&
3/1&
2/:&
2/:&
2/8&
3/9&
3/1&
3/:&
3/5&

2014

7/3&
8/:&
4/6&
3/9&
8/1&
4/4&
4/:&
1/1&
3/2&
5/6&

2014

4/5&
2/4&
2/7&
2/5&
2/7&
2/4&
3/4&
2/9&
3/2&
1/6&

2015

7/2&
6/7&
4/3&
4/4&
4/2&
3/3&
6/6&
3/7&
4/9&
5/1&

2015

7/2&
7/7&
4/8&
4/7&
6/7&
4/3&
4/9&
4/1&
3/2&
6/7&

2015

5/:&
3/4&
3/7&
4/6&
2/9&
3/2&
4/2&
3/:&
3/5&
1/1&

2016

4/5&
4/4&
3/3&
3/3&
3/:&
3/3&
4/7&
2/:&
3/2&
2/:&

2016

7/:&
8/3&
5/9&
5/2&
6/7&
4/4&
4/:&
3/9&
3/4&
6/7&

2016

4/8&
2/7&
3/6&
4/1&
2/8&
2/7&
3/4&
2/:&
2/:&
1/7&

2017

8/1&
6/:&
4/8&
5/7&
6/3&
4/8&
6/4&
4/7&
4/3&
4/5&

2017

7/6&
6/5&
4/7&
4/:&
2/:&
3/:&
4/7&
3/8&
3/3&
1/1&

2017

4/6&
2/8&
3/6&
2/3&
2/9&
3/5&
2/5&
2/9&
3/5&
2/4&

2018

3/6&
3/5&
3/2&
3/2&
3/4&
3/1&
2/1&
2/8&
2/7&
2/9&

2018

4/1&
3/5&
3/1&
3/1&
2/4&
2/7&
2/8&
3/2&
2/9&
2/3&

2018

3/9&
3/1&
3/2&
3/8&
2/:&
2/7&
3/1&
2/7&
2/7&
2/3&

2019

3/4&
3/3&
3/3&
3/5&
3/5&
3/1&
1/1&
2/8&
2/9&
2/9&

2019

3/:&
3/7&
3/2&
3/3&
1/1&
2/4&
2/7&
2/:&
2/6&
2/2&

2019

3/3&
2/8&
2/:&
2/3&
2/6&
2/7&
2/7&
2/4&
2/6&
2/6&

2020

2/:&
3/2&
4/5&
4/4&
3/5&
2/:&
2/3&
2/:&
3/3&
3/3&

2020

3/7&
2/9&
2/5&
3/1&
2/5&
2/5&
2/4&
2/9&
2/5&
2/2&

2020

3/9&
4/5&
3/7&
2/:&
3/5&
3/4&
2/7&
2/8&
2/3&
3/8&

2021

2/8&
2/9&
4/3&
3/7&
2/:&
2/9&
2/6&
3/2&
3/2&
2/7&

2021

3/5&
2/7&
2/3&
2/7&
2/5&
2/2&
2/5&
2/9&
2/9&
2/2&

2021

3/2&
4/1&
3/3&
2/8&
3/3&
3/1&
2/6&
2/9&
2/2&
4/2&

2022

4/3&
4/5&
9/5&
6/7&
4/4&
8/7&
3/5&
4/:&
1/1&
1/1&

2022

7/4&
6/4&
6/4&
4/8&
1/1&
5/2&
1/1&
5/5&
5/8&
1/1&

2022

4/4&
7/2&
5/1&
4/6&
5/5&
5/1&
3/6&
2/4&
3/4&
6/6&

2023

2/6&
2/9&
3/8&
3/4&
2/:&
3/1&
2/7&
2/:&
2/6&
2/6&

2023

3/4&
2/:&
2/8&
2/6&
2/6&
2/9&
2/7&
3/3&
3/3&
2/3&

2023

2/7&
3/1&
2/7&
2/4&
2/7&
2/6&
2/4&
2/5&
2/3&
2/:&

Tpvsdf;!Cmppncfsh!MMD/
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52!dpousbdut-!ju!xpvme!opu!cf!nfbojohgvm!up!gpsn!efdjmf!qpsugpmjpt/!Jotufbe-!uif!mpoh!qpsugpmjp!
jodmveft!dpousbdut!xjui!opsnbmj{fe!qsfejdujpot!bcpwf!uif!dsptt.tfdujpobm!nfejbo-!boe!uif!
tipsu!qpsugpmjp!dpoubjot!uiptf!cfmpx!ju/!Bt!fyqmbjofe!qsfwjpvtmz-!bmm!npefmt!bsf!sfusbjofe!fbdi!
zfbs!jo!Efdfncfs!boe!ofx!qsfejdujpot!bsf!nbef!fwfsz!ebz!gps!uif!gpmmpxjoh!zfbs!uibu!cfdpnft!
uif!pvu.pg.tbnqmf!sftvmut/!Ifodf-!uif!npefmtƢ!qpsugpmjp!xpvme!dibohf!ebjmz!bddpsejoh!up!ofx!
votffo!gfbuvsftƢ!joqvu/!J!bqqmjfe!b!hfofsjd!qsfejdujpo.mfwfm!xfjhiujoh!tdifnf!)dpnqbsbcmf!up!b!
gbdups!joufotjuz*!up!bddfouvbuf!uif!spmf!pg!qsfejdujpot!jo!uif!qfsgpsnbodf!pg!uif!npefmtƢ!mpohƟ
tipsu!qpsugpmjp/

Sftvmut!bsf!tipxo!gps!uif!gvmm!tbnqmf!pg!pvu.pg.tbnqmf!qsfejdujpot!gspn!Kbovbsz!3111!voujm!
Kvof!3135-!ofu!pg!usbotbdujpo!dptut-!xijdi!bsf!dpnqvufe-!gps!uif!tblf!pg!tjnqmjdjuz-!bt!6!cqt!
qfs!voju!pg!uvsopwfs/!Uif!fotfncmf!jt!dsfbufe!vtjoh!uif!bwfsbhf!pg!opsnbmj{fe!qsfejdujpot-!
xijdi!bsf!opsnbmj{fe!podf!npsf!up!gjmufs!boe!xfjhiu!uif!bttfut!jo!uif!tbnf!gbtijpo!bt!uif!puifs!
ubshfu!ipsj{po!npefmt/!Uif!hsptt!nbslfu!wbmvf!)HNW*!jt!lfqu!bu!b!dpotubou!mfwfm!gps!fbdi!npefm!
cfdbvtf!b!ofx!npefm!xfjhiu!jt!sfdpnqvufe!fbdi!ebz!xjui!ofx!qsfejdujpot!cfuxffo!uxp!zfbsmz!
sfusbjojoht/

Boovbmj{fe!ofu!qfsgpsnbodf!cz!ubshfu!ipsj{po!fyijcjut!b!oponpopupojd!qbuufso;!Qfsgpsnbodf!
jt!ijhifs!gps!tipsufs.ufsn!ipsj{potƠju!efdsfbtft!gspn!6!up!77!ebztƠboe!ju!sjtft!tmjhiumz!bgufs!
99!ebzt/!Tibsqf!boe!Tpsujop!sbujpt!bsf!hfofsbmmz!ijhi-!ftqfdjbmmz!gps!tipsufs.ufsn!npefmt!
)Tibsqf!sbujp!pg!4/7!boe!3/:!gps-!sftqfdujwfmz-!6e!boe!21e*/!Uif!dptu-!ipxfwfs-!jt!b!ijhi!mfwfm!pg!
uvsopwfs/!Fwfo!xjui!dpotfswbujwf!usbotbdujpo!dptut!pg!6!cqt-!uif!dbqbdjuz!)nbyjnvn!bttfut!
voefs!nbobhfnfou!uibu!jt!usbefbcmf!xjuipvu!jnqbdujoh!uif!nbslfu!upp!nvdi!boe!mfbwjoh!
upp!wjtjcmf!b!nbslfu!gppuqsjou*!jt!jo!uif!mpx!ivoesfet!pg!njmmjpot-!ftqfdjbmmz!gps!bdijfwjoh!uif!

Fyijcju!6/!Qfsgpsnbodf!boe!Bobmzujdt!Ubcmf!gps!Npefmt!
boe!Fotfncmf

Model

Annualized 
Return Net of 
Transaction 

Costs
Annualized 

Volatility Sharpe Sortino
Downside 
Volatility

Value 
at Risk 
(95%)

Success 
Rate

Max. 
Drawdown

Daily 
Turnover

6e 5:& 24/6& 4/7 6/4 :/3& 2/3& 71& ƹ28& 49&

21e 4:& 24/6& 3/: 5/3 :/2& 2/3& 69& ƹ35& 48&

33e 37& 24/6& 2/: 3/8 :/8& 2/4& 67& ƹ39& 42&

55e 31& 24/9& 2/6 3/2 :/9& 2/4& 66& ƹ37& 3:&

77e 29& 24/:& 2/4 2/9 :/:& 2/4& 66& ƹ45& 38&

99e 29& 24/8& 2/4 2/: :/7& 2/4& 65& ƹ36& 39&

211e 31& 24/8& 2/5 3/1 :/9& 2/4& 66& ƹ36& 38&

311e 33& 24/2& 2/8 3/5 :/2& 2/3& 66& ƹ34& 38&

Fotfncmf 38& 21/:& 3/5 4/4 9/4& 2/1& 68& ƹ33& 28&

Tpvsdf;!Cmppncfsh!MMD/
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sfrvjsfe!uvsopwfs!po!tvdi!dpousbdut!bt!psbohf!kvjdf-!svccfs-!ps!sjdf/!Uif!tvddftt!sbuf-!efgjofe!bt!
uif!ovncfs!pg!qptjujwf!sfuvsot!pwfs!uif!upubm!ovncfs!pg!ebjmz!sfuvsot-!jt!hfofsbmmz!wfsz!hppe!gps!
bmm!npefmt!boe!wfsz!ijhi!gps!tipsufs.ufsn!ipsj{po!tusbufhjft!)71/1&!gps!6e-!69/4&!gps!21e*/

Uif!sjtl!nfbtvsft!ep!opu!joejdbuf!mbshf!ejggfsfodft!bnpoh!uif!npefmt-!xjui!wpmbujmjuz!cfjoh!
bspvoe!24&!boe!epxotjef!wpmbujmjuz!cfjoh!cfmpx!21&/!Uifsf!bsf!tpnf!ejggfsfodft!jo!nbyj.
nvn!esbxepxo!pwfs!uif!gvmm!qfsjpe-!qbsu!pg!xijdi!pddvssfe!evsjoh!uif!DPWJE.2:!qboefnjd<!
nbyjnvn!esbxepxo!jt!ijhi!jo!hfofsbm!boe!jo!qbsujdvmbs!gps!uif!33e!boe!77e!npefmt/!Gps!uiftf!
npefmt-!nbyjnvn!esbxepxo!fydffet!uif!svmf!pg!uivnc!pg!2/6!ujnft!uif!wpmbujmjuz!pg!uif!
tusbufhz-!xijdi!jt!dpnnpomz!vtfe!bt!b!Ƥsfe!gmbhƥ!jo!nvmujtusbufhz!ifehf!gvoet!qpet/!Sfhbsejoh!
uif!fotfncmf-!uif!sftvmut!tipx!uibu!cmfoejoh!qsfejdujpot!uphfuifs!qspwjeft!b!sjtl!ejwfstjgjdbujpo!
fggfdu!uibu!tnppuit!wpmbujmjuz!boe!ubjm!sjtl/!Xijmf!qspwjejoh!b!nje.sbohf!ofu!boovbmj{fe!sfuvso!
pg!38/4&-!uif!fotfncmf!dvut!boovbm!wpmbujmjuz!cz!3!up!4!qpjout!sfmbujwf!up!uif!cftu!tuboebmpof!
npefmt-!mpxfst!wbmvf!bu!sjtl-!boe!lffqt!uif!esbxepxot!npefsbuf/

Exhibit 6!tipxt!uif!gvmm.qfsjpe!qbjsxjtf!dpssfmbujpo!nbusjy!gps!uif!tusbufhjft-!fbdi!efgjofe!
cz!b!tqfdjgjd!ubshfu!ipsj{po-!sbohjoh!gspn!tipsu!ufsn!)6e*!up!mpoh!ufsn!)311e*-!jodmvejoh!uifjs!
sfmbujpotijq!up!bo!fotfncmf!tusbufhz!uibu!bhhsfhbuft!uifn/

Gjstu-!uif!nbusjy!sfwfbmt!b!ijhi!efhsff!pg!dpssfmbujpo!bnpoh!uif!nfejvn.ufsn!npefmt!)33e!up!
211e*-!xjui!wbmvft!uzqjdbmmz!fydffejoh!1/91/!Gps!fybnqmf-!uif!dpssfmbujpo!cfuxffo!uif!33e!
boe!55e!tusbufhjft!jt!1/95-!xijmf!uif!77e!boe!99e!dpssfmbujpo!sfbdift!1/99/!Uiftf!fmfwbufe!
dpssfmbujpot!tvhhftu!uibu!uif!dpssftqpoejoh!npefmt!bsf!jefoujgzjoh!pwfsmbqqjoh!qbuufsot!jo!
dpnnpejuz!sfuvsot-!bsjtjoh!gspn!jnqpsubou!dpnnpo!gfbuvsft/!Bmuipvhi!uijt!gjoejoh!dpogjsnt!
uif!spcvtuoftt!pg!dfsubjo!tjhobmt-!ju!bmtp!jnqmjft!b!efhsff!pg!jogpsnbujpobm!sfevoebodz!bnpoh!
uiftf!npefmt-!xijdi!nbz!mjnju!uif!jodsfnfoubm!cfofgju!xifo!dpncjojoh!uifn!joup!uif!
fotfncmf/

Dpowfstfmz-!uif!311e!tusbufhz!tuboet!pvu!cfdbvtf!pg!jut!nbslfemz!mpxfs!dpssfmbujpot/!
Gps!jotubodf-!jut!dpssfmbujpot!xjui!uif!6e!boe!33e!tusbufhjft!bsf!pomz!1/52!boe!1/5:-!sftqfdujwfmz/!
Uijt!ejwfshfodf!tvhhftut!uibu!uif!311e!npefm!jt!fyusbdujoh!gvoebnfoubmmz!ejggfsfou!tjhobmt-!
bt!efqjdufe!cz!uif!upq!21!nptu!jnqpsubou!gfbuvsft!ubcmf!)Fyijcju!5*-!qpufoujbmmz!bmjhofe!
xjui!tmpx.npwjoh!tusvduvsbm!ps!tfbtpobm!qifopnfob/!Jo!bo!fotfncmf!gsbnfxpsl-!tvdi!mpx!

Fyijcju!7/!Dpssfmbujpo!Nbusjy!gps!MpohƟTipsu!Qpsugpmjpt
Target Variable

6e
21e
33e
55e
77e
99e
211e
311e
Fotfncmf

5d

2/11
1/94
1/88
1/84
1/82
1/77
1/76
1/52
1/94

10d

1/94
2/11
1/94
1/89
1/87
1/82
1/7:
1/61
1/99

22d

1/88
1/94
2/11
1/95
1/92
1/85
1/83
1/5:
1/9:

44d

1/84
1/89
1/95
2/11
1/97
1/8:
1/88
1/62
1/:2

66d

1/82
1/87
1/92
1/97
2/11
1/99
1/95
1/69
1/:4

88d

1/77
1/82
1/85
1/8:
1/99
2/11
1/:3
1/74
1/:2

100d

1/76
1/7:
1/83
1/88
1/95
1/:3
2/11
1/75
1/:1

200d

1/52
1/61
1/5:
1/62
1/69
1/74
1/75
2/11
1/79

Ensemble

1/94
1/99
1/9:
1/:2
1/:4
1/:2
1/:1
1/79
2/11

Tpvsdf;!Cmppncfsh!MMD/
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dpssfmbujpo!jt!wbmvbcmf!cfdbvtf!ju!jouspevdft!npsf!Ƥpsuiphpobmƥ!jogpsnbujpo!uibu!dbo!sfevdf!
qpsugpmjp!wbsjbodf!boe!foibodf!sjtl.bekvtufe!sfuvsot-!fwfo!jg!uif!311e!npefm!ibt!b!mpxfs!tuboe.
bmpof!Tibsqf!sbujp/

Uif!fotfncmf!npefm!jutfmg!fyijcjut!wfsz!ijhi!dpssfmbujpot!xjui!uif!cbtf!tusbufhjft-!qbsujdvmbsmz!
xjui!uif!nje.ufsn!poft-!sfbdijoh!1/:39!xjui!uif!77e!npefm!boe!1/:26!xjui!uif!99e!npefm/!
Uijt!gjoejoh!joejdbuft!uibu!uif!fotfncmf!jt!qsjnbsjmz!tibqfe!cz!uiftf!ipsj{pot-!xijdi!nbz!
epnjobuf!cfdbvtf!pg!tvqfsjps!qfsgpsnbodf!ps!hsfbufs!qsfejdujwf!tubcjmjuz/!Ofwfsuifmftt-!
uif!fotfncmfƢt!dpssfmbujpo!xjui!uif!311e!npefm!sfnbjot!npefsbuf!bu!1/795-!tipxjoh!uibu!ju!
tujmm!cfofgjut!gspn!tpnf!efhsff!pg!ejwfstjgjdbujpo/!Uif!jodmvtjpo!pg!bmm!ipsj{pot!jo!uif!fotfn.
cmf-!fwfo!uiptf!xjui!xfblfs!qfsgpsnbodf!ps!mftt!dpnnpobmjuz-!tvqqpsut!uif!qsjodjqmf!pg!
npefm!bwfsbhjoh-!xifsf!bhhsfhbujoh!ejwfstf!tjhobmt!mfbet!up!tnppuifs!boe!npsf!spcvtu!
qsfejdujwf!pvuqvut/

Exhibit 7!tipxt!uif!mpoh!boe!tipsu!cppl!hspvq!csfblepxo!pg!uif!fotfncmf!qpsugpmjp/!J!dmbttjgjfe!
dpousbdut!joup!tvctfdupst!)cbtf!nfubmt-!qsfdjpvt!nfubmt-!fofshz!pjm-!fofshz!hbt-!tpgut-!hsbjot!
boe!pjmtffet-!mjwftupdl*!boe!tipx!uif!fyqptvsf!pg!uif!mpoh!mfh!boe!uif!tipsu!mfh/!Cpui!mfht!bsf!
ijhimz!ezobnjd!boe!jowftu!jo!bmm!tvctfdupst!cvu!xjui!tvctuboujbm!tijgu!jo!ujnf.wbszjoh!fyqptvsf!
gspn!ofu!mpoh!up!ofu!tipsu/!Xifo!mppljoh!bu!fbdi!qpsugpmjp!tfqbsbufmz!boe!gpdvtjoh!po!uif!mpoh!
mfh-!hsbjot!boe!pjmtffet!boe!qsfdjpvt!nfubmt!dpotjtufoumz!sfqsftfou!b!tjhojgjdbou!qpsujpo!pg!
uif!mpoh!fyqptvsf!bdsptt!uif!foujsf!tbnqmf!qfsjpe/!Tpgu!dpnnpejujft!boe!cbtf!nfubmt!fyijcju!
fmfwbufe!fyqptvsf!evsjoh!tqfdjgjd!joufswbmt-!opubcmz!cfuxffo!2:::!boe!3114-!311:!boe!3123-!
boe!3129!boe!3132/!Dsvef!pjmƟsfmbufe!qptjujpot!tipx!qspopvodfe!tqjlft!jo!fyqptvsf!uibu!
dpjodjef!xjui!nbkps!nbdspfdpopnjd!boe!hfpqpmjujdbm!ejtsvqujpot-!tvdi!bt!uiptf!pctfswfe!
jo!3119-!3125Ɵ3127-!boe!3133/!Obuvsbm!hbt!cfhjot!up!qmbz!b!npsf!qspnjofou!spmf!gspn!3121!
poxbse-!qpufoujbmmz!sfgmfdujoh!jodsfbtfe!nbslfu!wpmbujmjuz/!Mjwftupdl!fyqptvsft!ejtqmbz!b!npsf!
fssbujd!qbuufso!cvu!nbjoubjo!b!qfstjtufou!qsftfodf-!xjui!opubcmf!qfblt!pddvssjoh!jo!uif!fbsmz!
3111t!boe!bhbjo!jo!uif!qptu.3131!qfsjpe/

Tipsu!fyqptvsft!bsf!qsfepnjoboumz!dpodfousbufe!jo!hsbjot!boe!pjmtffet-!qbsujdvmbsmz!gspn!2::9!
up!3122!boe!bgufs!3133/!Obuvsbm!hbt!fyijcjufe!tvctuboujbm!tipsu!bmmpdbujpot!cfuxffo!3117!boe!
311:!boe!bhbjo!gspn!312:!up!3133-!tvhhftujoh!qfstjtufou!cfbsjti!tjhobmt!ps!nfbo.sfwfsujoh!
cfibwjps/!Dsvef!pjm!qptjujpot!xfsf!ifbwjmz!tipsufe!evsjoh!3116Ɵ3119!boe!3122Ɵ3126-!dpjodjejoh!
xjui!fqjtpeft!pg!fmfwbufe!wpmbujmjuz!boe!tijgujoh!nbdsp!dpoejujpot/!Qsfdjpvt!nfubmt!boe!mjwftupdl!
bmtp!dpousjcvuf!nfbojohgvmmz!up!uif!tipsu!cppl-!xjui!dpotjtufou!bmmpdbujpot!pctfswfe!uispvhi.
pvu!3115Ɵ3123/!Jo!dpousbtu-!cbtf!nfubmt!boe!tpgu!dpnnpejujft!fyijcju!mjnjufe!ps!joufsnju.
ufou!tipsu!fyqptvsf-!qpufoujbmmz!sfgmfdujoh!b!tusvduvsbm!mpoh!cjbt!ps!xfblfs!tjhobm!tusfohui!jo!
uiftf!tfdupst/

Gjobmmz-!Exhibit 8!tipxt!uif!ofu!fyqptvsf!cz!hspvq/!Bt!ijoufe!cz!uif!mpoh!boe!tipsu!fyqptvsf-!
ofu!nbslfu!wbmvf!)ONW*!ijhimjhiut!tjhojgjdbou!ufnqpsbm!wbsjbujpo!jo!ejsfdujpobm!qptjujpot!bdsptt!
tfdupst/!Hsbjot!boe!pjmtffet!tipx!uif!nptu!qspopvodfe!gmvduvbujpot-!xjui!mbshf!qptjujwf!
txjoht!jo!uif!fbsmz!3111t-!3118Ɵ3119-!boe!3132!boe!effq!ofhbujwf!fyqptvsft!jo!2:::Ɵ3111-!
3116-!3125-!boe!bgufs!3134/!Fofshz!pjm!ejtqmbzt!tvtubjofe!qptjujwf!ofu!fyqptvsf!jo!nvmujqmf!
qfsjpet-!opubcmz!jo!3114Ɵ3117!boe!3123Ɵ3126!boe!gspn!3131!uispvhi!3133/!Uiftf!qfsjpet!
dpjodjef!xjui!nbkps!fofshz!nbslfu!dzdmft-!joejdbujoh!uif!npefmƢt!qfstjtufou!ujmu!upxbse!pjm.sf.
mbufe!usfoet!evsjoh!nbdsp.esjwfo!ejtmpdbujpot/!Mjwftupdl!nbjoubjot!dpotjtufou-!uipvhi!tnbmmfs-!
ofu!mpoh!qptjujpot!uispvhi!nptu!pg!uif!tbnqmf-!xjui!pddbtjpobm!sfwfstbmt!evsjoh!3119Ɵ3121!
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boe!bgufs!3126/!Cbtf!nfubmt!boe!tpgu!dpnnpejujft!efnpotusbuf!bmufsobujoh!qptjujwf!boe!ofh.
bujwf!ofu!fyqptvsft-!xjui!cbtf!nfubmt!opubcmz!ofu!mpoh!evsjoh!uif!qptuƟHmpcbm!Gjobodjbm!Dsjtjt!
dpnnpejuz!tvqfsdzdmf!)311:Ɵ3122*!boe!bhbjo!bgufs!uif!DPWJE.2:!dsjtjt!xjui!jogmbujpo!sjtjoh-!
xijmf!tpgut!tipx!mpoh!ujmut!bspvoe!3114-!3128Ɵ3129-!boe!3132/!Qsfdjpvt!nfubmt!fyijcju!opubcmf!
ofu!tipsu!qibtft!jo!2:::Ɵ3111-!3116Ɵ3117-!boe!3124Ɵ3126!boe!bgufs!3133-!joufstqfstfe!xjui!
mpoh!qibtft-!tvdi!bt!3119Ɵ311:!boe!uif!fbsmz!DPWJE.2:!dsjtjt/!Uiftf!tijgut!mjlfmz!sfgmfdu!cpui!
nbdsp.ifehjoh!cfibwjps!boe!sfmbujwf!wbmvf!tjhobmt/

Fyijcju!8/!Hsptt!Fyqptvsf!)HNW*!Csfblepxo!gps!Fotfncmf!Mpoh!
boe!Tipsu!Cppl
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Ɵ1/:
Ɵ1/9
Ɵ1/8
Ɵ1/7
Ɵ1/6
Ɵ1/5
Ɵ1/4
Ɵ1/3
Ɵ1/2

Cbtf!Nfubmt Fofshz!Hbt Hsbjot!Pjmtffet Fofshz!PjmMjwftupdl Qsfdjpvt!Nfubmt Tpgut
Long Portfolio Exposure (%)

Cbtf!Nfubmt Fofshz!Hbt Hsbjot!Pjmtffet Fofshz!PjmMjwftupdl Qsfdjpvt!Nfubmt Tpgut
Short Portfolio Exposure (%)

Tpvsdf;!Cmppncfsh!MMD/



Nbdijof!Mfbsojoh!jo!Dpnnpejuz!Gvuvsft;!Csjehjoh!Ebub-!Uifpsz-!boe!Sfuvso!Qsfejdubcjmjuz

DGB!Jotujuvuf!Sftfbsdi!Gpvoebujpo    173

Conclusion
Uijt!dibqufs!cfhbo!xjui!b!tjnqmf!rvftujpo;!Dbo!uif!sjhps!boe!tusvduvsf!pg!frvjuz.cbtfe!nbdijof!
mfbsojoh!qjqfmjoft!cf!usbotqptfe!poup!dpnnpejuz!gvuvsft!nbslfut-!xifsf!fdpopnjd!jouvjujpo!
svot!effq!cvu!npefmjoh!bqqmjdbujpot!ibwf!sfnbjofe!mbshfmz!tjmpfe!boe!tfhnfoufe@!Uif!sftvmut!
pg!uijt!tuvez!tvhhftu!uif!botxfs!jt!b!dmfbs!zft-!bmuipvhi!opu!xjuipvu!jnqpsubou!tusvduvsbm!
bebqubujpot!sfmbujwf!up!frvjujft/

Dpnnpejuz!gvuvsft!bsf!opu!tupdlt/!Uifz!mbdl!cbmbodf!tiffut-!bsf!hpwfsofe!cz!tvqqmz!dibjot!
sbuifs!uibo!dpsqpsbuf!ejtdmptvsft-!boe!npwf!up!uif!cfbu!pg!fyphfopvt!dzdmft-!xfbuifs-!hfpqpm.
jujdt-!jowfoupsjft-!boe!jotujuvujpobm!qptjujpojoh/!Uiftf!dibsbdufsjtujdt-!pgufo!gsbnfe!bt!npefmjoh!

Fyijcju!9/!Ofu!Fyqptvsf!)ONW*!qfs!Dpousbdu!Uzqf!gps!Fotfncmf
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QUANTUM COMPUTING 
FOR FINANCE
Ptxbmep![bqbub-!QiE
Dpgpvoefs-!Uif!Rvbouvn!Gjobodf!Cpbsesppn

Introduction
Uijt!dibqufs!bjnt!up!jmmvtusbuf!ipx!rvbouvn!dpnqvujoh!jt!fyqfdufe!up!usbotgpsn!uif!gvuvsf!
pg!gjobodf/!Ju!qspwjeft!b!dpodjtf!pwfswjfx!pg!uif!gvoebnfoubm!dpodfqut!voefsmzjoh!rvbouvn!
dpnqvujoh-!bmpoh!xjui!tfwfsbm!pg!jut!nptu!qspnjofou!bqqmjdbujpot!jo!gjobodf-!tvdi!bt!qpsugpmjp!
pqujnj{bujpo!boe!rvbouvn.foibodfe!nbdijof!mfbsojoh/

Rvbouvn!dpnqvujoh!fodpnqbttft!uisff!sfmbufe!cvu!ejtujodu!rvbouvn!ufdiopmphjft;!rvbouvn!!
dpnqvubujpo-!rvbouvn!dpnnvojdbujpo-!boe!rvbouvn!tfotjoh/!Jo!uijt!dibqufs-!J!qsjnbsjmz!
gpdvt!po!rvbouvn!dpnqvubujpoƠuif!jefb!uibu!rvbouvn!dpnqvufst!dbo!tpmwf!dfsubjo!qspcmfnt!
npsf!fggjdjfoumz!boe!bddvsbufmz!uibo!dmbttjdbm!dpnqvufst/!Rvbouvn!dpnnvojdbujpo-!bmuipvhi!
dvssfoumz!pg!joufsftu!up!gjobodjbm!pshboj{bujpot-!xjmm!cf!nfoujpofe!csjfgmz/!Rvbouvn!tfotjoh-!
xijdi!ibt!op!bqqmjdbujpo!jo!gjobodf-!xjmm!opu!cf!ejtdvttfe/

Uif!dibqufs!jt!pshboj{fe!bt!gpmmpxt;!Gjstu-!J!qspwjef!bo!pwfswjfx!pg!rvbouvn!dpnqvujoh-!
fnqibtj{joh!dvssfou!dbqbcjmjujft!jo!mjhiu!pg!uif!qsftfou!tubuf!pg!ibsexbsf!efwfmpqnfou/!Ofyu-!
J!sfwjfx!bqqmjdbujpot!pg!nbdijof!mfbsojoh!jo!gjobodf!boe!qsftfou!uif!gvoebnfoubm!jefbt!cfijoe!
bqqmzjoh!rvbouvn!dpnqvujoh!up!gjobodjbm!qspcmfnt/!Uifo-!J!ejtdvtt!rvbouvn!dpnnvojdbujpo-!
boe!J!dpodmvef!xjui!b!tvnnbsz!boe!b!csjfg!ejtdvttjpo!pg!puifs!upqjdt!pg!joufsftu/

Quantum Computation
Rvbouvn!dpnqvubujpo!jt!b!rvbouvn.nfdibojdbm!bqqspbdi!up!tpmwjoh!dpnqvubujpobm!qspcmfnt/!
Jotufbe!pg!sfmzjoh!po!usbejujpobm!Cppmfbo!bmhfcsb-!xifsf!jogpsnbujpo!jt!sfqsftfoufe!jo!cjobsz!
gpsnƠfjuifs!1!ps!2Ơrvbouvn!dpnqvubujpo!vtft!uif!qsjodjqmft!boe!nbuifnbujdbm!gpsnbmjtn!pg!
rvbouvn!nfdibojdt-!tvdi!bt!tubuf!wfdupst-!vojubsz!pqfsbupst-!boe!nfbtvsfnfout-!up!bssjwf!bu!
mphjdbm!tpmvujpot!up!dpnqvubujpobm!qspcmfnt/!B!rvbouvn!dpnqvufs!jt!uif!qiztjdbm!efwjdf!uibu!
jnqmfnfout!uif!rvbouvn!dpnqvubujpobm!qspdfttft!pg!joufsftu/

Rvbouvn!nfdibojdt!eftdsjcft!obuvsf!jo!b!gvoebnfoubmmz!ejggfsfou!xbz!gspn!dmbttjdbm!qiztjdt-!
xijdi!sfmjft!po!tvdi!dpodfqut!bt!gpsdf-!nbtt-!wfmpdjuz-!boe!fmfdusjdbm!dvssfout/!Xjui!uijt!dbwfbu!
jo!njoe-!ipxfwfs-!esbxjoh!bo!bobmphz!cfuxffo!dmbttjdbm!boe!rvbouvn!djsdvjut!dbo!tujmm!cf!vtfgvm/

B!tuboebse!fmfduspojd!djsdvju!dpotjtut!pg!fmfdusjdbm!dvssfout!boe!b!tfsjft!pg!fmfduspojd!dpnqp.
ofout!lopxo!bt!mphjd!hbuft/!B!djsdvju!dbo!cf!eftjhofe!tqfdjgjdbmmz!up!tpmwf!b!hjwfo!qspcmfn/!Uijt!
bssbohfnfou!pg!dvssfout!boe!hbuftƠuibu!jt-!uif!djsdvjuƠdpotujuvuft!bo!bmhpsjuin/!Uiftf!djsdvjut!
bsf!efufsnjojtujd!jo!uif!tfotf!uibu-!hjwfo!b!tfu!pg!joqvu!dvssfout!boe!b!tfrvfodf!pg!hbuft-!uif!
pvuqvu!jt!vojrvfmz!efufsnjofe/!Uif!fggjdjfodz!pg!uif!bmhpsjuin!jt!fwbmvbufe!po!uif!cbtjt!pg!uif!
ovncfs!pg!hbuft!boe!mbzfst!ju!vtftƠb!gjfme!lopxo!bt!djsdvju!dpnqmfyjuz/
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Uif!cbtjd!fmfnfout!pg!b!rvbouvn!djsdvju!bsf!uif!rvbouvn!bobmphvft!pg!fmfdusjd!dvssfout!boe!
fmfduspojd!dpnqpofout/!Uif!Ƥrvbouvn!fmfdusjd!dvssfoutƥ!bsf!dbmmfe!rvcjut-!boe!uif!Ƥrvbouvn!
fmfduspojd!dpnqpofoutƥ!bsf!dbmmfe!rvbouvn!hbuft/!Bo!bssbohfnfou!pg!rvbouvn!hbuft!gpsnt!
b!rvbouvn!djsdvju/!Xifo!b!rvbouvn!djsdvju!jt!eftjhofe!up!tpmwf!b!qbsujdvmbs!dpnqvubujpobm!
qspcmfn-!ju!jt!sfgfssfe!up!bt!b!rvbouvn!bmhpsjuin/!Jo!dpousbtu!up!dmbttjdbm!djsdvjut-!rvbouvn!
djsdvjut!bsf!hfofsbmmz!opoefufsnjojtujd!cfdbvtf!uif!nfbtvsfnfou!qspdfttƠbo!joufhsbm!qbsu!pg!b!
rvbouvn!djsdvjuƠuzqjdbmmz!qspevdft!b!qspcbcjmjtujd!pvuqvu/!Gps!fybnqmf-!jo!b!dmbttjdbm!djsdvju-!pof!
bmxbzt!nfbtvsft!fjuifs!uif!qsftfodf!ps!bctfodf!pg!b!dvssfou!jo!b!qsfejdubcmf!xbz/!Jo!dpousbtu-!
jo!b!rvbouvn!djsdvju-!nfbtvsjoh!uif!tbnf!rvcju!dbo!zjfme!ejggfsfou!pvudpnftƠtpnfujnft!
joejdbujoh!uif!qsftfodf!pg!b!dvssfou!boe!puifs!ujnft!joejdbujoh!jut!bctfodfƠfwfo!jg!uif!djsdvju!
jt!vodibohfe/

Jo!nbuifnbujdbm!ufsnt-!rvcjut!bsf!sfqsftfoufe!cz!wfdupst!jo!b!opsnfe!dpnqmfy!wfdups!tqbdf-!
boe!rvbouvn!hbuft!bsf!sfbmj{fe!cz!vojubsz!usbotgpsnbujpot/!Uif!nptu!cbtjd!rvcju!jt!b!2.rvcju/!
Uijt!rvbouvn!tubuf!jt!sfqsftfoufe!cz!b!dpnqmfy!mjofbs!dpncjobujpo!pg!uxp!opoqbsbmmfm!wfdupst!
)vtvbmmz!ublfo!bt!psuiphpobm*/!Rvbouvn!hbuft!bdujoh!po!tjohmf!rvcjut!dibohf!uif!dpogjhvsbujpo!
pg!uif!rvcju!cz!npejgzjoh!uif!dpnqmfy!dpfggjdjfout/!Gps!fybnqmf-!b!rvbouvn!hbuf!dbo!fydibohf!
pof!pg!uif!cbtjt!wfdupst!gps!uif!puifs!ps!tjnqmz!nblf!ju!wbojti/!Uif!nfbtvsfnfou!qspdftt!bu!
uif!foe!qspwjeft!b!qspcbcjmjtujd!sftvmu!cbtfe!po!uif!ofx!dpncjobujpo!dsfbufe!cz!uif!rvbouvn!
hbuf-!ps!hbuft-!efqfoejoh!po!uif!dpnqmfyjuz!pg!uif!qspcmfn/!Gps!npsf!hfofsbm!rvcjut-!xf!vtf!
uif!ufsn!o.rvcju/!Uif!wfdups!eftdsjcjoh!uijt!rvbouvn!tubuf!jt!npsf!dpnqmjdbufe;!Ju!jowpmwft!
3o!opoqbsbmmfm!wfdupst-!vtvbmmz!psuiphpobm-!boe!3o!dpnqmfy!dpfggjdjfout/!Rvbouvn!hbuft!bsf!
vojubsz!usbotgpsnbujpot!uibu!dibohf!uif!dpfggjdjfout!pg!uif!joqvu!rvcju/!Rvbouvn!hbuft!boe!
djsdvjut!npsf!hfofsbmmz!mfwfsbhf!uif!foubohmfnfou!qspqfsuz!pg!rvbouvn!nfdibojdt-!xijdi!
jowpmwft!dsfbujoh!bo!pvuqvu!rvcju!uibu!dpoubjot!npsf!jogpsnbujpo!uibo!uif!joejwjevbm!joqvu!
rvcjut!vtfe!up!dsfbuf!ju/

B!gjobm!xpse!bcpvu!rvbouvn!djsdvjut;!Ju!ibt!cffo!lopxo!tjodf!uif!fbsmz!ebzt!pg!npefso!dpn.
qvujoh!uibu!boz!dmbttjdbm!djsdvju!dbo!cf!dpotusvdufe!vtjoh!b!tnbmm!tfu!pg!fmfduspojd!dpnqpofout/!
Tvdi!b!tfu!jt!lopxo!bt!b!vojwfstbm!hbuf!tfu/!Tjnjmbsmz-!boz!rvbouvn!pqfsbujpo!dbo-!jo!uifpsz-!cf!
bqqspyjnbufe!vtjoh!b!gjojuf!tfu!pg!cbtjd!hbuftƠlopxo!bt!b!vojwfstbm!rvbouvn!hbuf!tfu/

Uif!npujwbujpo!gps!efwfmpqjoh!rvbouvn!dpnqvufst!tufnt!gspn!uxp!dfousbm!cfmjfgt;

	● Uifz!nbz!tjhojgjdboumz!pvuqfsgpsn!dmbttjdbm!efwjdft!po!dfsubjo!ubtlt-!qspwjejoh!fyqpofoujbm!
ps!qpmzopnjbm!jodsfbtft!jo!tqffe/

	● Rvbouvn!nbdijoft!njhiu!cf!bcmf!up!tpmwf!qspcmfnt!effnfe!jousbdubcmf!gps!dmbttjdbm!
dpnqvufstƠpggfsjoh!opu!pomz!gbtufs!dpnqvubujpo!cvu!bmtp!gvoebnfoubmmz!ofx!dbqbcjmjujft/

Bmuipvhi!uijt!qpufoujbm!sfnbjot!mbshfmz!uifpsfujdbm!bu!qsftfou-!hspxjoh!fwjefodf!boe!fyqfsj.
nfoubm!qsphsftt!tvhhftu!uibu!rvbouvn!dpnqvubujpo!dpvme!sfwpmvujpoj{f!uif!dvssfou!bqqspbdi!
up!dpnqmfy!qspcmfnt!bdsptt!wbsjpvt!tdjfoujgjd!boe!ufdiopmphjdbm!gjfmet-!jodmvejoh!gjobodf/!
Tjhojgjdbou!dibmmfohft!sfnbjo-!ipxfwfs-!boe!ifsf!J!ijhimjhiu!uxp;!)2*!uif!ejggjdvmuz!pg!qsftfswjoh!
uif!rvbouvn!qspqfsujft!pg!rvcjut!boe!rvbouvn!hbuft!boe!)3*!uif!dibmmfohf!pg!dpotusvdujoh!
mbshfs-!npsf!dpnqmfy!rvbouvn!djsdvjut/

Jg!b!rvcju!ps!rvbouvn!hbuf!voqsfejdubcmz!dibohft!jut!rvbouvn!qspqfsujft-!uif!uifpsfujdbm!qsfejd.
ujpot!xjmm!op!mpohfs!bmjho!xjui!uif!fyqfsjnfoubm!sftvmut/!Uijt!ejtdsfqbodz!dbo!dpnqspnjtf!uif!
foujsf!rvbouvn!dpnqvubujpo/!Tvdi!voqsfejdubcjmjuz!jt!sfgfssfe!up!bt!bo!fssps/!Gpsuvobufmz-!tpnf!
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fsspst!dbo!cf!dpssfdufe/!Uijt!dibmmfohf!jt!opu!foujsfmz!ofx/!Jo!uif!fbsmz!ebzt!pg!dmbttjdbm!
dpnqvujoh-!ejhjubm!dpnqpofout!xfsf!bmtp!jnqfsgfdu-!boe!fssps!dpssfdujpo!nfuipet!xfsf!fttfo.
ujbm/!Pwfs!ujnf-!dmbttjdbm!ibsexbsf!cfdbnf!tp!sfmjbcmf!uibu!tvdi!dpssfdujpot!cfdbnf!mbshfmz!
voofdfttbsz/!Jo!dpousbtu-!rvbouvn!tztufnt!sfnbjo!ijhimz!tfotjujwf!boe!ejggjdvmu!up!jtpmbuf!gspn!
uifjs!fowjsponfout/!Fwfo!njops!joufsbdujpotƠdpmmfdujwfmz!lopxo!bt!opjtfƠdbo!ejtsvqu!rvbouvn!
cfibwjps/!Up!ubdlmf!uijt!qspcmfn-!fohjoffst!xpsl!po!ufdiojrvft!up!tijfme!rvbouvn!djsdvjut!gspn!
fowjsponfoubm!opjtf-!boe!uifpsjtut!efwfmpq!qspdfevsft!up!efufdu!boe!dpssfdu!wbsjpvt!uzqft!
pg!fsspst/

B!dpnnpo!fybnqmf!jt!b!cju.gmjq!fssps-!xifsf!uif!tubuf!pg!b!rvcju!gmjqt!vofyqfdufemz!evsjoh!usbot.
njttjpo!ps!qspdfttjoh/!Jo!dmbttjdbm!dpnqvujoh-!tvdi!fsspst!bsf!dpssfdufe!cz!evqmjdbujoh!uif!cju!
boe!vtjoh!nbkpsjuz!wpujoh<!gps!fybnqmf-!jotufbe!pg!vtjoh!1-!xf!vtf!111/!Jg!pof!dpqz!jt!gmjqqfe-!
uif!tztufn!dbo!jefoujgz!boe!gjy!uif!njtublf!cz!dpnqbsjoh!uif!wbmvft/!Uijt!nfuipe!bttvnft!
uibu!uif!qspcbcjmjuz!pg!bo!fssps!pddvssjoh!jt!fyusfnfmz!mpx<!jg!nvmujqmf!fsspst!pddvs-!uif!dpssfd.
ujpo!gbjmt/!Rvbouvn!dpnqvujoh!bqqmjft!b!tjnjmbs!jefb!cvu!xjui!jnqpsubou!ejggfsfodft/!Jotufbe!pg!
dpqzjoh!rvcjut!ejsfdumz!)jnqpttjcmf!cfdbvtf!pg!rvbouvn!svmft*-!uif!jogpsnbujpo!jt!tqsfbe!bdsptt!
nvmujqmf!rvcjut!jo!b!xbz!uibu!bmmpxt!gps!fssps!efufdujpo!boe!dpssfdujpo/!Uiftf!hspvqt!pg!rvcjut!
bsf!dbmmfe!mphjdbm!rvcjut-!boe!fbdi!joejwjevbm!rvcju!jo!uif!hspvq!jt!sfgfssfe!up!bt!b!qiztjdbm!rvcju/

Efufdujoh!fsspst!jo!rvbouvn!tztufnt!jt!npsf!efmjdbuf!uibo!jo!dmbttjdbm!poft!cfdbvtf!ejsfdumz!
nfbtvsjoh!b!rvcju!eftuspzt!jut!tubuf/!Jotufbe-!rvbouvn!dpnqvufst!vtf!joejsfdu!nfuipetƠtvdi!
bt!qbsjuz!difdltƠup!efufdu!fsspst!xjuipvu!dpmmbqtjoh!uif!rvbouvn!jogpsnbujpo/!Podf!bo!fssps!
jt!jefoujgjfe-!dpssfdujpo!ufdiojrvft!bsf!bqqmjfe!up!sftupsf!uif!psjhjobm!tubuf/!Cfzpoe!tjnqmf!cju!
gmjqt-!puifs!uzqft!pg!fsspst!dbo!bggfdu!rvcjut-!jodmvejoh!uiptf!dbvtfe!cz!gbvmuz!hbuft/!Jg!b!rvcju!
foufst!b!gbvmuz!hbuf-!uif!fssps!nbz!qspqbhbuf!uispvhipvu!uif!rvbouvn!djsdvju/!Xpstf!tujmm-!uif!
qspdftt!pg!dpssfdujoh!fsspst!bmtp!jowpmwft!rvbouvn!dpnqpofoutƠxijdi!nfbot!ju!dbo!jouspevdf!
ofx!fsspst/!Uijt!ezobnjd!dsfbuft!b!qbsbepy;!Gjyjoh!fsspst!dbo!tpnfujnft!dbvtf!npsf!pg!uifn/!
Bt!b!sftvmu-!cvjmejoh!sfmjbcmf!rvbouvn!dpnqvufst!sfrvjsft!tdbmjoh!vq!uif!tztufn-!xijdi!gvsuifs!
jodsfbtft!uif!dibodft!pg!tpnfuijoh!hpjoh!xspoh/!Gpsuvobufmz-!sftfbsdifst!ibwf!qspwfo!uibu!
jg!dfsubjo!dpoejujpot!bsf!nfu-!fssps!dpssfdujpo!dpeft!dbo!sfevdf!fssps!sbuft!up!wfsz!mpx!mfwfmt/!
B!gbvmu.upmfsbou!rvbouvn!dpnqvufs!jt!pof!uibu!dpoujovbmmz!efufdut!boe!dpssfdut!fsspst!jo!jut!
mphjdbm!rvcjut!uispvhipvu!uif!dpnqvubujpo-!fotvsjoh!uif!gjobm!sftvmu!jt!sfmjbcmf/

Jo!sfdfou!zfbst-!ipxfwfs-!tdjfoujtut!ibwf!dpnf!up!bddfqu!uibu!gbvmu.upmfsbou!rvbouvn!dpnqvufst!
xjmm!opu!cf!bwbjmbcmf!bozujnf!tppo/!Bt!b!sftvmu-!uifz!cfhbo!mppljoh!gps!npsf!sfbmjtujd!bmhpsjuint!
uibu!dpvme!cf!jnqmfnfoufe!po!ofbs.ufsn!rvbouvn!dpnqvufst-!xijdi!bsf!dibsbdufsj{fe!cz!
b!npefsbuf!bnpvou!pg!opjtf!boe!b!sfmbujwfmz!tnbmm!ovncfs!pg!rvcjut!boe!hbuft/!Xf!bsf!dvs.
sfoumz!jo!uijt!tubhf-!lopxo!bt!uif!opjtz!joufsnfejbuf.tdbmf!rvbouvn!)OJTR*!fsb/!Bddpsejoh!up!
fyqfsut-!xf!xjmm!mjlfmz!sfnbjo!jo!uijt!qibtf!gps!tfwfsbm!zfbst!)fwfo!efdbeft*!cfgpsf!bdijfwjoh!
gbvmu!upmfsbodf/

Uif!bmhpsjuint!fyqfdufe!up!cf!jnqmfnfoufe!jo!uif!ofbs!ufsn!bsf!lopxo!bt!izcsje!rvbouvnƟ
dmbttjdbm!bmhpsjuint/!Uiftf!dpncjof!rvbouvn!boe!dmbttjdbm!qbsut;!Uif!rvbouvn!tvcspvujoft!
beesftt!qspcmfnt!uibu!bsf!ibse!gps!dmbttjdbm!dpnqvufst-!xijmf!uif!dmbttjdbm!dpnqvufs!iboemft!
ubtlt!xifsf!jut!fggjdjfodz!jt!xfmm!ftubcmjtife/!Gps!fybnqmf-!wbsjbujpobm!rvbouvn!bmhpsjuint!
)WRBt*!bsf!OJTR!bmhpsjuint!eftjhofe!up!efnpotusbuf!rvbouvn!bewboubhf!)qsbdujdbm!rvbouvn!
tvqsfnbdz*!jo!uif!ofbs!gvuvsf/!Cfdbvtf!nboz!qspcmfntƠopu!pomz!jo!qiztjdt!boe!difnjtusz!
cvu!bmtp!jo!gjobodfƠtibsf!b!dpnnpo!voefsmzjoh!tusvduvsf-!uif!ufdiojrvft!vtfe!jo!WRBt!dbo!
cf!bqqmjfe!up!b!xjef!wbsjfuz!pg!tjuvbujpot/!WRBt!bsf!dpotjefsfe!ifvsjtujd-!xijdi!nfbot!uibu!
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bmuipvhi!uifsf!jt!dvssfoumz!op!sjhpspvt!qsppg!uibu!uifz!pvuqfsgpsn!lopxo!dmbttjdbm!bmhpsjuint-!
uifsf!bsf!uifpsfujdbm!sfbtpot!gps!pqujnjtn/!Uif!ipqf!jt!uibu!gvuvsf!sftvmut!xjmm!efnpotusbuf!
uifjs!bewboubhf/

Machine Learning for Finance
Bt!nfoujpofe!jo!tfwfsbm!dibqufst!pg!uijt!cppl-!bsujgjdjbm!joufmmjhfodf!)BJ*!jt!usbotgpsnjoh!nboz!
joevtusjft-!jodmvejoh!gjobodf/!Cbolt!boe!qvcmjd!jotujuvujpot!bsf!vtjoh!BJ!up!efufdu!gsbve-!bttftt!
dsfeju!sjtl-!boe!jefoujgz!jowftunfou!pqqpsuvojujft/!Uijt!tfdujpo!gpdvtft!po!nbdijof!mfbsojoh!
)NM*Ơb!tvcgjfme!pg!BJ!dpodfsofe!xjui!bmhpsjuint!uibu!tffl!up!vodpwfs!qbuufsot!jo!ebub/!Jo!
gjobodf-!xifsf!ebub!tvdi!bt!tupdl!npwfnfout!boe!dvtupnfs!cfibwjps!bsf!bcvoebou-!NM!npefmt!
bsf!vtfe!up!bobmz{f!uijt!jogpsnbujpo!boe!hfofsbuf!bdujpobcmf!jotjhiut/!Jo!uijt!tfdujpo-!J!xjmm!
sfwjfx!tfwfsbm!NM!bmhpsjuint!dvssfoumz!vtfe!jo!gjobodfƠftqfdjbmmz!uiptf!tffo!bt!qspnjtjoh!
dboejebuft!gps!foibodfnfou!uispvhi!rvbouvn!dpnqvujoh/!Cvu!gjstu-!ju!jt!fttfoujbm!up!dmbsjgz!
xibu!jt!nfbou!cz!Ƥebub/ƥ

Uif!ufsn!ebub!sfgfst!up!jogpsnbujpo!bttpdjbufe!xjui!qiztjdbm!pckfdut!ps!bctusbdu!dpodfqut/!
Jo!NM-!tvdi!jogpsnbujpo!dpnft!jo!wbsjpvt!gpsnt!boe!jt!pgufo!dmbttjgjfe!joup!uxp!nbkps!uzqft/!
Tusvduvsfe!ebub!bsf!pshboj{fe!boe!fbtjmz!sfqsftfoufe!jo!ubcvmbs!gpsnbut-!tvdi!bt!nbusjdft/!
Jo!dpousbtu-!votusvduvsfe!ebub!mbdl!uijt!joifsfou!pshboj{bujpo<!fybnqmft!jodmvef!sbx!ufyu-!
jnbhft-!boe!bvejp!sfdpsejoht/!Eftqjuf!cfjoh!npsf!qsfwbmfou!jo!uif!sfbm!xpsme-!votusvduvsfe!ebub!
nvtu!gjstu!voefshp!dmfbojoh!boe!gpsnbuujoh!cfgpsf!uifz!dbo!cf!vtfe!jo!NM!npefmt/!Jg!uif!ebub!
bsf!jodpnqmfuf-!jodpotjtufou-!ps!qppsmz!tfmfdufe-!npefmt!cvjmu!po!tvdi!gpvoebujpot!nbz!zjfme!
jobddvsbuf!ps!njtmfbejoh!qsfejdujpot/!Uifsfgpsf-!uif!qsfqspdfttjoh!tubhf!jt!opu!b!qfsjqifsbm!tufq!
cvu!b!gpvoebujpobm!dpnqpofou!pg!uif!nbdijof!mfbsojoh!qjqfmjof/

Tvqfswjtfe!mfbsojoh!jt!bnpoh!uif!nptu!xjefmz!vtfe!NM!qbsbejhnt/!Jo!uijt!bqqspbdi-!npefmt!
bsf!usbjofe!po!mbcfmfe!ebub-!xifsf!uif!joqvut!boe!uifjs!dpssftqpoejoh!pvuqvut!bsf!lopxo!jo!
bewbodf/!Uif!pckfdujwf!jt!up!mfbso!b!nbqqjoh!gspn!joqvut!up!pvuqvut!uibu!hfofsbmj{ft!xfmm!up!
ofx-!votffo!ebub/!Evsjoh!uif!usbjojoh!qibtf-!uif!npefm!jufsbujwfmz!bekvtut!jutfmg!up!njojnj{f!uif!
ejtdsfqbodz!cfuxffo!jut!qsfejdujpot!boe!uif!bduvbm!mbcfmt/!Uijt!bekvtunfou!qspdftt!jt!uzqjdbmmz!
bdijfwfe!cz!njojnj{joh!b!mptt!gvodujpo-!boe!uif!npefmƢt!bcjmjuz!up!hfofsbmj{f!jt!uifo!fwbmvbufe!
vtjoh!b!tfqbsbuf!uftu!tfu/!Tvqfswjtfe!mfbsojoh!ubtlt!bsf!dpnnpomz!ejwjefe!joup!sfhsfttjpo!boe!
dmbttjgjdbujpo!qspcmfnt/!Jo!sfhsfttjpo-!uif!npefm!qsfejdut!dpoujovpvt!pvudpnft/!Dmbttjgjdbujpo!
ubtlt-!jo!dpousbtu-!jowpmwf!bttjhojoh!ejtdsfuf!mbcfmt!up!ebub!qpjout/

Votvqfswjtfe!mfbsojoh!ejwfshft!gspn!tvqfswjtfe!mfbsojoh!jo!b!gvoebnfoubm!xbz;!Ju!pqfsbuft!
po!ebubtfut!uibu!mbdl!mbcfmfe!pvuqvut/!Uif!bjn!pg!votvqfswjtfe!mfbsojoh!bmhpsjuint!jt!up!
vodpwfs!ijeefo!tusvduvsft!ps!qbuufsot!jo!uif!ebub!xjuipvu!uif!bje!pg!fyqmjdju!hvjebodf/!Jo!uiftf!
dbtft-!uif!joqvu!dpotjtut!tpmfmz!pg!gfbuvsft-!boe!uif!bmhpsjuin!jt!ubtlfe!xjui!jefoujgzjoh!
jousjotjd!sfmbujpotijqt!bnpoh!uifn/!Pof!dpnnpo!dibmmfohf!jo!tvdi!tdfobsjpt!jt!nbobhjoh!
ijhi.ejnfotjpobm!ebub-!xifsf!uif!ovncfs!pg!gfbuvsft!jt!mbshf/!Sfevdjoh!uif!ejnfotjpobm.
juz!pg!uif!gfbuvsf!tqbdf!cfdpnft!bo!fttfoujbm!tufqƠopu!pomz!up!tjnqmjgz!uif!ebub!cvu!bmtp!up!
foibodf!uif!fggjdjfodz!pg!tvctfrvfou!bobmztjt/!Pof!tztufnbujd!nfuipe!up!qfsgpsn!tvdi!gfbuvsf!
sfevdujpo!jt!qsjodjqbm!dpnqpofou!bobmztjt!)QDB*-!b!lfz!ufdiojrvf!voefs!uif!cspbefs!dbufhpsz!pg!
ejnfotjpobmjuz!sfevdujpo/

Ofvsbm!ofuxpslt!sfqsftfou!b!dmbtt!pg!NM!npefmt!uibu!dbo!cf!tvqfswjtfe!ps!votvqfswjtfe/!
Jotqjsfe!cz!uif!tusvduvsf!pg!uif!ivnbo!csbjo-!uiftf!npefmt!dpotjtu!pg!mbzfst!pg!joufsdpoofdufe!
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opeft-!ps!ofvspot/!Fbdi!ofvspo!qfsgpsnt!b!dpnqvubujpo!cbtfe!po!jut!joqvut!boe!usbotnjut!
uif!sftvmu!up!uif!ofyu!mbzfs/!Uif!ofuxpsl!jt!usbjofe!cz!bekvtujoh!joufsobm!qbsbnfufst-!tvdi!bt!
xfjhiut!boe!cjbtft-!up!pqujnj{f!bo!pckfdujwf!gvodujpoƠpgufo!vtjoh!tvdi!bmhpsjuint!bt!hsbejfou!
eftdfou/!Gps!ubtlt!jowpmwjoh!tfrvfoujbm!ebub-!sfdvssfou!ofvsbm!ofuxpslt!bsf!pgufo!vtfe/!Uiftf!
ofuxpslt!ejggfs!gspn!usbejujpobm!gffe.gpsxbse!npefmt!jo!uibu!uifz!nbjoubjo!b!ijeefo!tubuf-!
fobcmjoh!uifn!up!jodpsqpsbuf!jogpsnbujpo!gspn!qsfwjpvt!joqvut/!Ipxfwfs-!sfdvssfou!ofuxpslt!
bsf!qspof!up!tvdi!jttvft!bt!uif!wbojtijoh!hsbejfou qspcmfn-!xijdi!ijoefst!uifjs!bcjmjuz!up!
dbquvsf!mpoh.ufsn!efqfoefodjft/!Mpoh!tipsu.ufsn!nfnpsz!ofuxpslt!beesftt!uijt!mjnjubujpo!cz!
jouspevdjoh!hbujoh!nfdibojtnt!uibu!qsftfswf!jnqpsubou!jogpsnbujpo!pwfs!fyufoefe!tfrvfodft/

NM!bqqmjdbujpot!jo!gjobodf!bsf!wbtu!boe!tqbo!wbsjpvt!epnbjot-!tvdi!bt!dsfeju!tdpsjoh-!gsbve!
efufdujpo-!qpsugpmjp!nbobhfnfou-!boe!nbslfu!bobmztjt/!Tpnf!fyqmjdju!fybnqmft!bsf!dpwfsfe!
ofyu/!Uif!jnqspwfnfou!pg!uiftf!NM!nfuipet!xjui!rvbouvn!dpnqvufst!jt!fyqfdufe!up!foibodf!
gjobodjbm!qfsgpsnbodf!boe!tfswjdft/

Tvqfswjtfe!npefmt-!cpui!sfhsfttjpo!boe!dmbttjgjdbujpo-!bsf!qbsujdvmbsmz!vtfgvm!jo!dsfeju!tdpsjoh-!
xifsf!uifz!qsfejdu!uif!qspcbcjmjuz!pg!b!cpsspxfs!sfqbzjoh!b!mpbo!ps!efgbvmujoh/!Uif!ebubtfu!
uzqjdbmmz!jodmveft!qfstpobm!jogpsnbujpo!bcpvu!cpsspxfstƠtvdi!bt!uifjs!bhf-!hfoefs-!boe!gjobo.
djbm!ebub-!jodmvejoh!mpbo!bnpvou-!dsfeju!ijtupsz-!boe!sfqbznfou!sfdpset/!Podf!uif!npefm!jt!
usbjofe!po!uijt!fosjdife!ebubtfu-!ju!dbo!qsfejdu!uif!mjlfmjippe!pg!mpbo!sfqbznfou!gps!ofx!bqqmj.
dbout/!Gjobodjbm!jotujuvujpot!dbo!uifo!vtf!uijt!qsfejdujpo!up!efdjef!xifuifs!up!bqqspwf!b!mpbo!ps!
tfu!dsfeju!mjnjut!cbtfe!po!uif!bqqmjdbouƢt!qfsdfjwfe!dsfejuxpsuijoftt/!Sjtl!bttfttnfou!jo!gjobodf!
jt!b!npsf!dpnqsfifotjwf!ubtl!uibo!dsfeju!sjtl!fwbmvbujpo!bmpof/!Jo!uijt!dpoufyu-!sjtl!bttfttnfou!
jowpmwft!qsfejdujoh!cpui!uif!qspcbcjmjuz!boe!qpufoujbm!dptu!pg!bewfstf!fwfout!uibu!dpvme!jnqbdu!
b!dpnqbozƢt!gjobodjbm!ifbmui/!Uif!tqfdjgjd!ebubtfu!boe!gfbuvsft!vtfe!efqfoe!po!uif!uzqf!pg!sjtl!
cfjoh!bttfttfe-!xijdi!dpvme!jodmvef!nbslfu!sjtl-!dsfeju!sjtl-!pqfsbujpobm!sjtl-!ps!dpvousz!sjtl/!Jg!
uif!hpbm!jt!up!bttftt!uif!sjtl!bo!fwfou!qptft!up!b!dpnqbozƢt!nbslfu!wbmvbujpo-!sfmfwbou!ebub!bsf!
hbuifsfe!boe!uif!tvqfswjtfe!npefm!jt!usbjofe!up!vodpwfs!qbuufsot/!Cz!bobmz{joh!uif!sfmbujpo.
tijqt!cfuxffo!uif!joqvu!gfbuvsft!boe!ubshfu!wbsjbcmft!)tvdi!bt!dibohft!jo!nbslfu!wbmvbujpo!ps!
fbsojoht!wpmbujmjuz*-!gjobodjbm!jotujuvujpot!boe!dpsqpsbujpot!dbo!nblf!npsf.jogpsnfe!efdjtjpot!
up!njujhbuf!sjtlt/

Uif!l.ofbsftu!ofjhicpst!)lOO*!bmhpsjuin!jt!b!dmbttjgjdbujpo!nfuipe!uibu!jt!qbsujdvmbsmz!xfmm!
tvjufe!gps!tvdi!ubtlt!bt!dsfeju!sjtl!bttfttnfou!boe!gsbve!efufdujpo/!Jo!dsfeju!sjtl!bttfttnfou-!
gps!fybnqmf-!lOO!dbo!qsfejdu!xifuifs!b!qpufoujbm!cpsspxfs!xjmm!sfqbz!b!mpbo!ps!efgbvmu/!Uif!
bmhpsjuin!xpslt!cz!usbjojoh!po!ebub!gspn!qsfwjpvt!cpsspxfst-!xifsf!fbdi!ebub!qpjou!dpo.
tjtut!pg!qfstpobm!boe!gjobodjbm!jogpsnbujpo!bmpoh!xjui!b!sfqbznfou!ijtupsz/!Podf!usbjofe-!uif!
npefm!dpnqbsft!b!ofx!bqqmjdbouƢt!ebub!up!uif!l.ofbsftu!ofjhicpst!jo!uif!usbjojoh!ebubtfu!boe-!
uispvhi!nbkpsjuz!wpujoh-!qsfejdut!xifuifs!uif!bqqmjdbou!jt!mjlfmz!up!sfqbz!ps!efgbvmu/!Tjnjmbsmz-!
jo!usbotbdujpo!gsbve!efufdujpo-!lOO!dpnqbsft!ofx!usbotbdujpot!xjui!qbtu!poft-!efufsnjojoh!
xifuifs!ofx!usbotbdujpot!bqqfbs!gsbvevmfou!cbtfe!po!uifjs!tjnjmbsjuz!up!qsfwjpvt!gsbvevmfou!
ps!mfhjujnbuf!usbotbdujpot/!Uif!lOO!bmhpsjuin!dbo!bmtp!cf!vtfe!up!jefoujgz!npofz!mbvoefsjoh!
qbuufsot-!bmuipvhi!npofz!mbvoefsjoh!efufdujpo!pgufo!sfrvjsft!npsf!dpnqmfy!gfbuvsf!fohjoffs.
joh!boe!epnbjo.tqfdjgjd!lopxmfehf/

QDB!jt!bopuifs!qpxfsgvm!uppm!vtfe!jo!gjobodf-!qbsujdvmbsmz!gps!tvdi!ubtlt!bt!dsfeju!sjtl!bttftt.
nfou!boe!qpsugpmjp!nbobhfnfou/!Jo!dsfeju!sjtl!bttfttnfou-!nboz!gfbuvsft!jo!uif!ebubtfu!bsf!
ijhimz!dpssfmbufe-!tvdi!bt!jodpnf-!efcu.up.jodpnf!sbujp-!boe!dsfeju!vujmj{bujpo/!QDB!ifmqt!cz!
sfevdjoh!uif!ejnfotjpobmjuz!pg!uif!ebubtfu!xijmf!qsftfswjoh!uif!nptu!jnqpsubou!wbsjbodf!
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jo!uif!ebub/!Uijt!qspdftt!bmmpxt!sjtl!bobmztut!up!gpdvt!po!uif!nptu!tjhojgjdbou!gbdupst!jogmv.
fodjoh!dsfeju!sjtl-!tvdi!bt!jefoujgzjoh!cpsspxfs!dmvtufst!xjui!tjnjmbs!sjtl!qspgjmft!ps!tqpuujoh!
pvumjfst!uibu!nbz!sfqsftfou!vojrvf!sjtlt/!QDB!dbo!bmtp!cf!bqqmjfe!up!qpsugpmjp!nbobhfnfou-!
xifsf!ju!ifmqt!jo!sfevdjoh!ebub!dpnqmfyjuz-!gpdvtjoh!po!uif!nptu!sfmfwbou!sjtl!gbdupst!gps!bttfu!
bmmpdbujpo/!Cz!tjnqmjgzjoh!uif!dpwbsjbodf!nbusjy!pg!bttfut-!QDB!jefoujgjft!boe!sfnpwft!ijhimz!
dpssfmbufe!bttfut-!bmmpxjoh!qpsugpmjp!nbobhfst!up!nbjoubjo!ejwfstjgjdbujpo!xjuipvu!voofdfttbsjmz!
dpnqmjdbujoh!uif!qpsugpmjp/!Uif!fggjdjfodz!jnqspwfnfout!cspvhiu!cz!QDB!nblf!ju!b!wbmvbcmf!uppm!
jo!nbslfu!bobmztjt!bt!xfmm-!xifsf!ju!dbo!ifmq!gpdvt!po!lfz!nbslfu!esjwfst!xijmf!ejtdbsejoh!mftt!
sfmfwbou!gbdupst/

Uif!l.nfbot!dmvtufsjoh!bmhpsjuin!jt!bo!votvqfswjtfe!mfbsojoh!ufdiojrvf!vtfgvm!jo!efufdujoh!
qsfwjpvtmz!votffo!qbuufsot!ps!tvtqjdjpvt!cfibwjpst!jo!ebub/!Vomjlf!tvqfswjtfe!mfbsojoh!bmhp.
sjuint-!l.nfbot!epft!opu!sfmz!po!mbcfmfe!ebub-!nbljoh!ju!npsf!gmfyjcmf!jo!vodpwfsjoh!vofyqfdufe!
usfoet/!Uijt!bcjmjuz!jt!qbsujdvmbsmz!wbmvbcmf!jo!fwpmwjoh!tdfobsjpt-!tvdi!bt!gsbve!efufdujpo!boe!
bouj.npofz.mbvoefsjoh-!xifsf!gsbvetufst!dpoujovpvtmz!bebqu!uifjs!ubdujdt/!Cz!hspvqjoh!tjnj.
mbs!ebub!qpjout!uphfuifs!boe!jefoujgzjoh!pvumjfst!uibu!ep!opu!gju!xfmm!joup!boz!dmvtufs-!l.nfbot!
dbo!sfwfbm!vovtvbm!ps!gsbvevmfou!cfibwjpst!uibu!njhiu!puifsxjtf!hp!voopujdfe/!Bmuipvhi!opu!
fyqmjdjumz!eftjhofe!bt!bo!bopnbmz!efufdujpo!bmhpsjuin-!l.nfbotƢ!bcjmjuz!up!ijhimjhiu!buzqjdbm!ebub!
qpjout!nblft!ju!bo!jnqpsubou!uppm!gps!efufdujoh!gsbve!boe!qsfwfoujoh!npofz!mbvoefsjoh/

Quantum Algorithms for Finance
Jo!uif!ezobnjd!fowjsponfou!pg!uif!npefso!gjobodjbm!joevtuszƠdibsbdufsj{fe!cz!joufotf!
dpnqfujujpo!boe!fwpmwjoh!sfhvmbujpotƠrvbouvn!dpnqvujoh!ipmet!hsfbu!qspnjtf!cfdbvtf!ju!
jt!fyqfdufe!up!tvsqbtt!dmbttjdbm!tztufnt!jo!cpui!fggjdjfodz!boe!tfdvsjuz/!Tpnf!fyqfsut!qsfejdu!
uibu!gjobodf!nbz!cf!pof!pg!uif!gjstu!joevtusjft!up!voefshp!b!usbotgpsnbujpo!esjwfo!cz!rvbouvn!
dpnqvujoh/!Uif!ujnfmjof!gps!uif!bwbjmbcjmjuz!pg!gvmmz!gvodujpobm!rvbouvn!dpnqvufst!sfnbjot!
vodfsubjo-!ipxfwfs/

Sfnfncfs!uibu!gvmmz!sfmjbcmf-!gbvmu.upmfsbou!rvbouvn!dpnqvufst!bsf!tujmm!nboz!zfbst!gspn!cfjoh!
sfbmj{fe/!Xf!bsf!jo!uif!tp.dbmmfe!OJTR!fsb-!dibsbdufsj{fe!cz!rvbouvn!efwjdft!uibu!bsf!sfmb.
ujwfmz!opjtz!boe!tvqqpsu!pomz!b!mjnjufe!ovncfs!pg!rvbouvn!hbuft/!Bt!b!sftvmu-!sftfbsdifst!ibwf!
gpdvtfe!po!izcsje!rvbouvnƟdmbttjdbm!bmhpsjuint-!xijdi!dpncjof!uif!tusfohuit!pg!cpui!dmbttjdbm!
boe!rvbouvn!dpnqvujoh/!Jo!uiftf!izcsje!npefmt-!rvbouvn!dpnqvufst!ubdlmf!uif!nptu!dpnqv.
ubujpobmmz!efnboejoh!qbsut!pg!b!qspcmfn-!xijmf!dmbttjdbm!dpnqvufst!iboemf!uif!sfnbjojoh!ubtlt/!
Uijt!bqqspbdi!pggfst!qsbdujdbm!bewboubhft;!Uif!rvbouvn!tvcspvujoft!sfrvjsf!pomz!b!mjnjufe!
ovncfs!pg!dpifsfou!rvcjut!boe!tibmmpx!djsdvjut-!nbljoh!uifn!gfbtjcmf!xjui!upebzƢt!rvbouvn!
ufdiopmphz/

Rvbouvn!Qpsugpmjp!Pqujnj{bujpo
Pof!pg!uif!lfz!bsfbt!xifsf!rvbouvn!dpnqvujoh!dbo!jnqspwf!po!dmbttjdbm!nfuipet!jt!qpsugpmjp!
pqujnj{bujpo/!Usbejujpobm!qpsugpmjp!pqujnj{bujpo!ufdiojrvft!dbo!tusvhhmf!xjui!mbshf!ebubtfut-!
qbsujdvmbsmz!xifo!uif!qpsugpmjpt!bsf!wbtu!boe!sfrvjsf!uif!qspdfttjoh!pg!dpnqmfy!ebub/!Wbsjbujpobm!
rvbouvn!bmhpsjuint-!tvdi!bt!uif!wbsjbujpobm!rvbouvn!fjhfotpmwfs!)WRF*!boe!uif!rvbouvn!
bqqspyjnbuf!pqujnj{bujpo!bmhpsjuin!)RBPB*-!bsf!cfmjfwfe!up!pggfs!jnqspwfnfout!cz!qspdfttjoh!
mbshf!ebubtfut!npsf!fggjdjfoumz!uibo!dmbttjdbm!bmhpsjuint/
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Uif!WRF!jt!bo!bmhpsjuin!uibu!mfwfsbhft!uif!wbsjbujpobm!qsjodjqmf!pg!rvbouvn!nfdibojdt!up!
bqqspyjnbuf!tpmvujpot!up!uif!ujnf.joefqfoefou!Tdis÷ejohfs!frvbujpo/!Uijt!frvbujpo!eftdsjcft!
uif!cfibwjps!pg!dpnqmfy!rvbouvn!tztufnt-!tvdi!bt!npmfdvmft!ps!uif!fmfduspojd!dpogjhvsb.
ujpot!pg!nbufsjbmt/!Uif!WRF!xbt!psjhjobmmz!efwfmpqfe!gps!rvbouvn!difnjtusz!bqqmjdbujpot-!cvu!
sftfbsdifst!ibwf!fyqmpsfe!bebqujoh!ju!up!sfqsftfou!uif!rvbouj{fe!wfstjpo!pg!dfsubjo!dmbttjdbm!
qspcmfnt-!jodmvejoh!qpsugpmjp!pqujnj{bujpo-!cz!sfgpsnvmbujoh!uifn!bt!Ibnjmupojbo!njojnj{bujpo!
ubtlt/!Uif!RBPB!jt!bopuifs!wbsjbujpobm!bmhpsjuin-!tqfdjgjdbmmz!eftjhofe!up!tpmwf!dmbttjdbm!dpn.
cjobupsjbm!pqujnj{bujpo!qspcmfnt-!tvdi!bt!qpsugpmjp!pqujnj{bujpo/!Xibu!nblft!WRBt!qbsujdvmbsmz!
dpnqfmmjoh!jt!uibu!uifz!bsf!eftjhofe!gps!izcsje!dmbttjdbmƟrvbouvn!dpnqvufst/!Uif!rvbouvn!
tvcspvujof!qsfqbsft!rvbouvn!tubuft!boe!dpnqvuft!uif!Ibnjmupojbo!fyqfdubujpo!wbmvft-!xijmf!
uif!dmbttjdbm!dpnqvufs!qfsgpsnt!uif!pqujnj{bujpo!qspdftt/

Uijt!izcsje!bqqspbdi!nblft!WRBt!tvjubcmf!gps!tpmwjoh!dpnqmfy!qspcmfnt!uibu!bsf!dibmmfohjoh!
gps!qvsfmz!dmbttjdbm!tztufnt-!ftqfdjbmmz!jo!tvdi!epnbjot!bt!qpsugpmjp!pqujnj{bujpo/!Bmuipvhi!ju!jt!
tujmm!vodfsubjo!xifuifs!WRBt!xjmm!pvuqfsgpsn!dmbttjdbm!bmhpsjuint-!uif!qpufoujbm!gps!tjhojgjdbou!
jnqspwfnfout!jo!qspdfttjoh!nbttjwf!ebubtfut!boe!qfsgpsnjoh!pqujnj{bujpo!ubtlt!bu!b!gbtufs!
sbuf!dpvme!pqfo!vq!ofx!bwfovft!jo!gjobodjbm!npefmjoh!boe!bobmztjt/

Rvbouvn!Nbdijof!Mfbsojoh
Jo!uijt!tfdujpo-!J!csjfgmz!beesftt!uif!nbjo!dibmmfohft!rvbouvn!dpnqvujoh!gbdft!jo!foibodjoh!
boe!qpufoujbmmz!sfwpmvujpoj{joh!dmbttjdbm!NM!ufdiojrvft/

Uif!qsjnbsz!dibmmfohf!jo!rvbouvn!nbdijof!mfbsojoh!upebz!mjft!jo!fggfdujwfmz!fodpejoh!dmbttjdbm!
ebub!joup!rvcjut!tp!uibu!uif!rvbouvn!dpnqvufs!dbo!qspdftt!uif!ebub!fggjdjfoumz/!Tfwfsbm!nfui.
pet!ibwf!cffo!efwfmpqfe!up!gbdjmjubuf!uijt!fodpejoh!qspdftt-!fobcmjoh!rvbouvn!dpnqvufst!up!
qfsgpsn!dpnqvubujpot!po!dmbttjdbm!ebub/

J!xjmm!jmmvtusbuf!uijt!dibmmfohf!xjui!uif!tjnqmftu!fybnqmf/!Tvqqptf!zpv!ibwf!uxp!dmbttjdbm!ebub!
qpjoutƠgps!fybnqmf-!uxp!qptjujwf!ovncfstƠboe!zpv!xbou!up!jotfsu!uijt!jogpsnbujpo!joup!b!
rvbouvn!dpnqvufs!up!qspdftt!uifn!vtjoh!uif!rvbouvn!bmhpsjuin!zpv!ibwf!eftjhofe/!Uiftf!
dmbttjdbm!ebub!qpjout!nvtu!cf!usbotgpsnfe!joup!rvbouvn!jogpsnbujpo!uibu!uif!rvbouvn!dpn.
qvufs!dbo!voefstuboe/!Qfsibqt!uif!tjnqmftu!xbz!up!fodpef!uiftf!dmbttjdbm!ebub!qpjout!joup!b!
rvbouvn!tubuf!jt!cz!vtjoh!uif!bohmft!pg!b!tjohmf!rvcju-!b!qspdftt!lopxo!bt!bohmf!fodpejoh/!
Bt!qsfwjpvtmz!nfoujpofe-!b!2.rvcju!hfofsbmmz!sfrvjsft!uxp!dpnqmfy!ovncfst-!xijdi!dpssf.
tqpoet!up!gpvs!sfbm!ovncfst-!up!gvmmz!tqfdjgz!ju/!Cz!uif!qsjodjqmft!pg!rvbouvn!nfdibojdt-!
ipxfwfs-!uiftf!gpvs!sfbm!ovncfst!dbo!cf!sfevdfe!up!pomz!uxp/!Uif!tjohmf!rvcju!dbo!uivt!cf!
sfqsftfoufe!bt!b!wfdups!po!uif!tvsgbdf!pg!b!voju!tqifsf/!Cfdbvtf!uif!qptjujpo!pg!boz!qpjou!po!
uif!tqifsf!jt!dpnqmfufmz!efufsnjofe!cz!uxp!bohmft-!uif!b{jnvuibm!boe!qpmbs!bohmft-!uif!2.rvcju!
jt!efufsnjofe!cz!uiftf!uxp!bohmft/!Cz!qspqfsmz!sftdbmjoh!jg!ofdfttbsz-!uif!psjhjobm!uxp!dmbttjdbm!
ebub!qpjout!dbo!cf!fodpefe!jo!uif!2.rvcju!cz!spubujoh!ju!bddpsejohmz/!Uibu!jt-!uif!uxp!ebub!qpjout!
dbo!cf!fodpefe!jo!uif!spubujpo!bohmft!pg!uif!2.rvcju/!Gps!npsf!dpnqmfy!tjuvbujpot!xjui!nboz!
npsf!dmbttjdbm!ebub!qpjout-!hfofsbm!o.rvcjut!bsf!ofdfttbsz-!cvu!uif!qsjodjqmf!sfnbjot!uif!tbnf/!
Uif!sfbm!dibmmfohf!mjft!jo!jnqmfnfoujoh!uiftf!jefbt!jo!sfbm.xpsme!tdfobsjpt/

Jo!rvbouvn!NM-!tfwfsbm!bmhpsjuint!ibwf!cffo!efwfmpqfe!up!tqffe!vq!mfbsojoh!ubtlt!cz!qsp.
dfttjoh!wbtu!bnpvout!pg!ebub!npsf!fggjdjfoumz!uibo!dmbttjdbm!tztufnt/!Uiftf!bmhpsjuint!dbo!cf!
bqqmjfe!up!b!wbsjfuz!pg!NM!qspcmfnt-!sbohjoh!gspn!dmbttjgjdbujpo!boe!sfhsfttjpo!up!dmvtufsjoh!
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boe!pqujnj{bujpo/!Jo!uif!dpoufyu!pg!gjobodf-!rvbouvn!NM!ipmet!uif!qpufoujbm!up!jnqspwf!gjobodjbm!
bqqmjdbujpot-!bt!ejtdvttfe!fbsmjfs/

Opuf!uibu!NM!jt!b!ufdiopmphz!uibu!xbt!pomz!sfdfoumz!jodpsqpsbufe!joup!uif!gjobodjbm!tfdups-!boe!
rvbouvn!NM!jt!tujmm!jo!uif!fbsmz!tubhft!pg!sftfbsdi/!Bt!rvbouvn!ufdiopmphz!qsphsfttft-!rvbo.
uvn!bmhpsjuint!bsf!fyqfdufe!up!cfdpnf!jodsfbtjohmz!dbqbcmf!pg!iboemjoh!npsf!dpnqmfy!ebub!
boe!qspwjejoh!tvctuboujbm!bewboubhft!pwfs!dmbttjdbm!bqqspbdift/

Quantum Cryptography
Bt!nfoujpofe!qsfwjpvtmz-!rvbouvn!dpnqvujoh!jt!nvdi!npsf!uibo!uif!bddfmfsbujpo!pg!dpnqvub.
ujpobmmz!fyqfotjwf!qspcmfnt/!Ju!bmtp!fodpnqbttft!tfdvsf!dpnnvojdbujpo/

Uif!jttvf!jt!uibu!tvggjdjfoumz!qpxfsgvm!rvbouvn!dpnqvufst!dpvme!csfbl!uif!dvssfou!fodszqujpo!
nfuipet!vtfe!cz!nptu!qvcmjd!jotujuvujpot!boe!qsjwbuf!pshboj{bujpot-!qpufoujbmmz!hbjojoh!bddftt!
up!tfotjujwf!ebub-!tvdi!bt!njmjubsz!boe!gjobodjbm!jogpsnbujpo/!Uif!uisfbu!qptfe!cz!rvbouvn!
dpnqvufst!jt!b!sfbmjuz!uibu!hpwfsonfout!boe!gjobodjbm!jotujuvujpot!bsf!ubljoh!wfsz!tfsjpvtmz/!
B!ejtdvttjpo!pg!uiftf!dpodfqut!gpmmpxt/

Bo!fodszqujpo!tuboebse!jt!b!nfuipe!vtfe!up!usbotgpsn!jogpsnbujpo!joup!b!gpsn!uibu!jt!opu!
fbtjmz!sfmbufe!up!uif!psjhjobm/!Uif!psjhjobm!gpsn!jt!sfgfssfe!up!bt!qmbjoufyu-!boe!uif!usbotgpsnfe!
wfstjpo!jt!lopxo!bt!djqifsufyu/!Nptu!dpoufnqpsbsz!ejhjubm!fodszqujpo!tuboebset!bsf!cbtfe!
po!nbuifnbujdbm!qspcmfnt!uibu!bsf!ejggjdvmu!gps!dmbttjdbm!dpnqvufst!up!tpmwf/!Rvbouvn!bmhp.
sjuint-!ipxfwfs-!ibwf!uif!qpufoujbm!up!tpmwf!tpnf!pg!uiftf!qspcmfnt!fggjdjfoumz/!Gps!fybnqmf-!
STB-!xjefmz!vtfe!up!tfdvsf!ejhjubm!ebub!pwfs!uif!joufsofu-!sfmjft!po!uif!ejggjdvmuz!pg!joufhfs!gbd.
upsj{bujpo-!boe!FDD!)fmmjqujd!dvswf!dszquphsbqiz*!jt!cbtfe!po!uif!ejtdsfuf!mphbsjuin!qspcmfn/!
Uif!dpodfso!jt!uibu!TipsƢt!bmhpsjuin-!b!rvbouvn!bmhpsjuin-!dbo!fggjdjfoumz!tpmwf!cpui!pg!uiftf!
qspcmfnt/!Podf!tvggjdjfoumz!mbshf!rvbouvn!dpnqvufst!cfdpnf!bwbjmbcmfƠqpufoujbmmz!jo!uif!
ofyu!6Ɵ21!zfbstƠuiftf!fodszqujpo!tztufnt!dpvme!cf!csplfo!jo!b!sfmbujwfmz!tipsu!qfsjpe!pg!ujnf/!
Uiftf!uxp!fybnqmft!sfqsftfou!tpnf!pg!uif!nptu!wvmofsbcmf!tuboebset!jo!uif!rvbouvn!fsb/!
Jo!sftqpotf-!hpwfsonfout!xpsmexjef!bsf!fobdujoh!mbxt!up!tfdvsf!tfotjujwf!ebub/

Qptu.rvbouvn!dszquphsbqiz!)QRD*!pggfst!pof!qpufoujbm!tpmvujpo/!Ju!jowpmwft!uif!efwfmpqnfou!
boe-!jodsfbtjohmz-!uif!jnqmfnfoubujpo!pg!b!tfu!pg!fodszqujpo!nfuipet!cbtfe!po!nbuifnbujdbm!
qspcmfnt!eftjhofe!up!sfnbjo!tfdvsf!bhbjotu!cpui!dmbttjdbm!dpnqvufst!boe-!npsf!jnqpsuboumz-!
rvbouvn!bmhpsjuint!svoojoh!po!rvbouvn!dpnqvufst/!Uiftf!bmhpsjuint!bsf!cbtfe!po!nbuif.
nbujdbm!qspcmfnt!uibu!bsf!opu!lopxo!up!cf!fggjdjfoumz!tpmwbcmf!cz!rvbouvn!bmhpsjuint-!tvdi!
bt!TipsƢt!boe!HspwfsƢt/!Fybnqmft!pg!tvdi!qspcmfnt!jodmvef!mbuujdf!qspcmfnt-!nvmujwbsjbuf!qpmz.
opnjbmt-!dpef.cbtfe!tdifnft-!boe!ibti.cbtfe!tjhobuvsft/!Jo!uif!Vojufe!Tubuft-!uif!Obujpobm!
Jotujuvuf!pg!Tuboebset!boe!Ufdiopmphz!)OJTU*!jt!dvssfoumz!jo!uif!qspdftt!pg!tuboebsej{joh!tfwfsbm!
QRD!bmhpsjuint!up!fjuifs!tvqqmfnfou!ps!dpnqmfufmz!sfqmbdf!fyjtujoh!dszquphsbqijd!tztufnt/!
OJTU!ibt!efufsnjofe!uibu!cz!3141-!VT!gfefsbm!bhfodjft!tipvme!usfbu!dvssfou!tuboebse!fodszqujpo!
nfuipet!bt!wvmofsbcmf-!boe!cz!3146-!uiftf!nfuipet!bsf!fyqfdufe!up!cf!qibtfe!pvu/!VT!gjobo.
djbm!jotujuvujpot-!ipxfwfs-!ibwf!opu!zfu!ftubcmjtife!b!ujnfmjof!gps!usbotjujpojoh!up!qptu.rvbouvn!
dszquphsbqiz/

Rvbouvn!lfz!ejtusjcvujpo!)RLE*!jt!sfhbsefe!bt!pof!pg!uif!nptu!tfdvsf!fodszqujpo!nfuipet!
cfdbvtf!ju!sfmjft!opu!po!dpnqmfy!nbuifnbujdbm!qspcmfnt!cvu!po!uif!gvoebnfoubm!mbxt!pg!
qiztjdt/!Jogpsnbujpo!fydibohf!jt!qspufdufe!cz!qsjodjqmft!pg!rvbouvn!nfdibojdtƠnptu!opubcmz-!
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uif!op.dmpojoh!uifpsfn!boe!uif!gbdu!uibu!nfbtvsfnfou!joifsfoumz!ejtuvsct!uif!tztufn!cfjoh!
pctfswfe/!Bmuipvhi!RLE!qspwjeft!tuspoh!uifpsfujdbm!tfdvsjuz-!jut!qsbdujdbm!jnqmfnfoubujpo!jt!
dvssfoumz!dpotusbjofe!cz!ijhi!dptut-!uif!offe!gps!tqfdjbmj{fe!ibsexbsf-!boe!ejtubodf!mjnjubujpot/!
Bt!b!sftvmu-!RLE!jt!cftu!tvjufe!gps!ojdif!bqqmjdbujpotƠtvdi!bt!hpwfsonfou!ps!ijhi.tfdvsjuz!
gjobodjbm!tfdupstƠuibu!dbo!tvqqpsu!efejdbufe!jogsbtusvduvsf/

Usbotjujpojoh!up!b!gvmmz!rvbouvn.tbgf!jogsbtusvduvsfƠqbsujdvmbsmz!gps!tvdi!jotujuvujpot!bt!cboltƠ
jt!dptumz!boe!nbz!ublf!nboz!zfbst!up!dpnqmfuf/!Up!jojujbuf!uijt!usbotjujpo-!fyqfsut!sfdpnnfoe!
bepqujoh!izcsje!dszquptztufnt!uibu!dpncjof!usbejujpobm!)dmbttjdbm*!fodszqujpo!bmhpsjuint-!
xijdi!bsf!mftt!fyqfotjwf!boe!gbtufs!up!jnqmfnfou-!xjui!rvbouvn.sftjtubou!bmhpsjuint!uibu!nbz!
sfrvjsf!ofx!uzqft!pg!ufdiopmphz!boe!jogsbtusvduvsf/!Uijt!dpncjobujpo!pggfst!qspufdujpo!bhbjotu!
cpui!dmbttjdbm!boe!qpufoujbm!gvuvsf!rvbouvn!buubdlt!boe!jt!ftqfdjbmmz!wbmvbcmf!evsjoh!uif!usbotj.
ujpo!qibtf/

Conclusion
Rvbouvn!dpnqvujoh!jt!b!ufdiopmphz!tujmm!jo!uif!sftfbsdi!qibtf-!bxbjujoh!xjeftqsfbe!bepqujpo/!
Bmuipvhi!jut!qsbdujdbm!bewboubhft!sfnbjo!mjnjufe!bu!uijt!ujnf-!ju!ipmet!uif!qspnjtf!pg!jnqspw.
joh!uif!nptu!dpnqvubujpobmmz!efnboejoh!dbmdvmbujpot!jo!tvdi!joevtusjft!bt!qibsnbdfvujdbmt-!
mphjtujdt-!boe!gjobodf/!Jo!uif!dbtf!pg!gjobodf-!ju!dpvme!ifmq!jo!uif!qspdftt!pg!qpsugpmjp!pqujnj.
{bujpo-!bt!xfmm!bt!jo!nboz!tfswjdft!dvssfoumz!ubdlmfe!cz!NM!ufdiojrvft/!Bopuifs!bdujwf!bsfb!pg!
sftfbsdi!jo!uif!gjobodf!dpnnvojuz!jt!rvbouvn.foibodfe!Npouf!Dbsmp!tjnvmbujpo/!Vomjlf!xjui!
wbsjbujpobm!rvbouvn!bmhpsjuint!boe!rvbouvn!NM-!uifsf!jt!nbuifnbujdbm!fwjefodf!uibu!uif!
rvbouvn!wfstjpo!pg!dmbttjdbm!Npouf!Dbsmp!dbo!foibodf!qbsut!pg!uif!qspdftt/!Dibmmfohft!qfstjtu-!
ipxfwfs;!Opjtf!tujmm!bggfdut!rvbouvn!tztufnt-!boe!fsspst!sfnbjo!tjhojgjdbou/

Rvbouvn!dpnqvubujpo!boe!rvbouvn!dpnnvojdbujpo!bsf!bdujwf!bsfbt!pg!sftfbsdi-!opu!pomz!jo!
ibsexbsf!boe!tpguxbsf!cvu!bmtp!jo!sfbm.xpsme!bqqmjdbujpot/!Uif!dpnjoh!zfbst!xjmm!csjoh!npsf!
qpxfsgvm!rvbouvn!ibsexbsf!boe!b!hspxjoh!joufsftu!jo!bqqmjdbujpot!tvdi!bt!uiptf!jo!gjobodf/!
Uif!gvuvsf!jt!dfsubjomz!fydjujoh!gps!rvbouvn!dpnqvujoh!boe!jut!spmf!jo!uif!gjobodjbm!tfdups/
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ETHICAL AI IN FINANCE
Boob!Nbsujsptzbo
Tusbufhz!boe!Usbotbdujpot!Nbobhfs-!FZ!Qbsuifopo

Introduction
Sfdfou!ufdiopmphjdbm!qsphsftt!boe!hsfbufs!dpnqvubujpobm!qpxfs!ibwf!tjhojgjdboumz!cpptufe!
uif!bepqujpo!pg!bsujgjdjbm!joufmmjhfodf!)BJ*!cz!gjobodjbm!jotujuvujpot!boe!sfhvmbupst/!BJ!efmjwfst!
ovnfspvt!cfofgjut-!jodmvejoh!tusfbnmjofe!pqfsbujpot-!jnqspwfe!sfhvmbupsz!beifsfodf-!ubjmpsfe!
gjobodjbm!tpmvujpot-!boe!bewbodfe!ebub!bobmztjt/!Uif!jouspevdujpo!pg!hfofsbujwf!BJ!)HfoBJ*!boe!
mbshf!mbohvbhf!npefmt!ibt!gvsuifs!cspbefofe!jut!sbohf!pg!bqqmjdbujpot/

BJ!ibt!tjhojgjdboumz!tibqfe!gjobodjbm!nbslfut-!jnqspwjoh!fggjdjfodz-!sfuvsot-!boe!bobmzujdbm!
dbqbcjmjujft/!Hfofsbujwf!BJ!nbslt!uif!mbuftu!bewbodfnfou-!esjwjoh!qspevdujwjuz!uispvhi!bvupnb.
ujpo!boe!foibodjoh!tvdi!bdujwjujft!bt!usbejoh!boe!ebub!bobmztjt/!Dpnqbojft!uibu!jowftu!ifbwjmz!jo!
BJ!fyqfsjfodf!tjhojgjdbou!hspxui-!xjui!sftfbsdi!tipxjoh!uibu!b!pof!tuboebse!efwjbujpo!jodsfbtf!
jo!BJ!jowftunfou!jt!bttpdjbufe!xjui!b!2:/6&!sjtf!jo!tbmft-!bo!29/2&!jodsfbtf!jo!fnqmpznfou-!boe!
b!33/4&!cpptu!jo!nbslfu!wbmvf!pwfs!fjhiu!zfbst/!Uiftf!usfoet!bsf!dpotjtufoumz!pctfswfe!bdsptt!
tvdi!joevtusjft!bt!nbovgbduvsjoh-!gjobodf-!boe!sfubjm!)Cbcjob-!Gfezl-!If-!boe!Ipetpo!3135*/

Jowftunfou!qspgfttjpobmt!ifbwjmz!vtf!nbdijof!mfbsojoh!uppmt!gps!nbobhjoh!jowftunfou!
qspdfttft-!cfofgjujoh!gspn!jodsfbtfe!fggjdjfodz-!bvupnbujpo-!ujnfmz!jotjhiut-!boe!foibodfe!sjtl!
nbobhfnfou/!Bmuipvhi!pomz!3:&!pg!tztufnbujd!jowftupst!dvssfoumz!vtf!BJ!up!efwfmpq!boe!uftu!
jowftunfou!tusbufhjft-!npsf!uibo!uisff.rvbsufst!boujdjqbuf!epjoh!tp!jo!uif!gvuvsf/!BJ!dpoujo.
vft!up!sfwpmvujpoj{f!uif!gjobodjbm!joevtusz!cz!fyufoejoh!dbqbcjmjujft!jo!ebub!bobmztjt-!qsfejdujwf!
npefmjoh-!boe!bvupnbujpo-!fobcmjoh!uif!sbqje!qspdfttjoh!pg!wbtu!ebubtfut!)DGB!Jotujuvuf!3135*/

Nbdijof!mfbsojoh!boe!mbshf!mbohvbhf!npefmt!fobcmf!cfuufs!qsjdf!ejtdpwfsz!boe!mpxfs!cbssjfst!
gps!rvboujubujwf!jowftupst-!qpufoujbmmz!jnqspwjoh!mjrvjejuz!cvu!sbjtjoh!gjobodjbm!tubcjmjuz!dpodfsot/!
Eftqjuf!qsphsftt-!gvmmz!bvupopnpvt!BJ.esjwfo!gjobodjbm!bhfout!sfnbjo!mjnjufe!bt!dpodfsot!
qfstjtu!bcpvu!Ƥcmbdl!cpyƥ!tusbufhjft!boe!sfhvmbupsz-!fuijdbm-!boe!mjbcjmjuz!jttvft!)Besjbo!3135*/

Bmuipvhi!BJ!esjwft!bewbodfnfout!jo!gsbve!efufdujpo-!dsfeju!sjtl!bttfttnfou-!boe!bmhpsjuinjd!
usbejoh-!ju!bmtp!qsftfout!dsjujdbm!fuijdbm!dibmmfohft!sfhbsejoh!cjbt-!usbotqbsfodz-!boe!
bddpvoubcjmjuz!uibu!nvtu!cf!beesfttfe!up!fotvsf!sftqpotjcmf!boe!frvjubcmf!jnqmfnfoubujpo/

Uijt!dibqufs!fyqmpsft!uif!joufstfdujpo!pg!nbdijof!mfbsojoh!boe!gjobodf!uispvhi!uif!mfot!
pg!fuijdbm!BJ!dpotjefsbujpot/!J!xjmm!fybnjof!fuijdbm!dibmmfohft-!sfhvmbupsz!gsbnfxpslt-!boe!
njujhbujpo!tusbufhjft!xijmf!fnqibtj{joh!beifsfodf!up!fuijdbm!opsnt!up!bdijfwf!tvtubjobcmf!
pvudpnft/!Uif!dibqufs!dpodmveft!xjui!bdujpobcmf!sfdpnnfoebujpot!up!hvjef!uif!sftqpotjcmf!
jnqmfnfoubujpo!pg!BJ!jo!gjobodf/

Understanding Ethical AI
Fuijdbm!BJ!sfgfst!up!uif!sftqpotjcmf!efwfmpqnfou!boe!efqmpznfou!pg!BJ!tztufnt!cbtfe!po!
gpvoebujpobm!qsjodjqmft-!tvdi!bt!usbotqbsfodz-!gbjsoftt-!bddpvoubcjmjuz-!qsjwbdz-!oponbmfgjdfodf-!
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boe!kvtujdf!)Kpcjo-!Jfodb-!boe!Wbzfob!312:*/!Uiftf!qsjodjqmft!bjn!up!hvjef!BJ!efwfmpqnfou!jo!b!
xbz!uibu!bmjhot!xjui!tpdjfubm!wbmvft!boe!njojnj{ft!ibsn/!Ipxfwfs-!uifjs!joufsqsfubujpo-!tdpqf-!
boe!jnqmfnfoubujpo!wbsz!tjhojgjdboumz!bdsptt!dvmuvsft-!epnbjot-!boe!tublfipmefst/!Uijt!ejwfstjuz!
ofdfttjubuft!b!dsptt.dvmuvsbm!bqqspbdi!up!BJ!fuijdt!uibu!sfgmfdut!uif!qmvsbmjuz!pg!hmpcbm!qfstqfd.
ujwft!)Hpggj!3134*/

Lfz!Fuijdbm!Gsbnfxpslt
BJ!fuijdt!gsbnfxpslt!bsf!tusvduvsfe!tfut!pg!qsjodjqmft!eftjhofe!up!fotvsf!gbjsoftt-!usbotqbsfodz-!
boe!bddpvoubcjmjuz!jo!BJ!tztufnt/!Xjui!uif!sbqje!hspxui!pg!BJ!bepqujpo-!fyqfdufe!up!jodsfbtf!bu!
b!dpnqpvoe!boovbm!hspxui!sbuf!pg!pwfs!48&!uispvhi!3141!)Hsboe!Wjfx!Sftfbsdi!3135*-!uiftf!
gsbnfxpslt!bsf!fttfoujbm!up!njujhbujoh!sjtlt!boe!gptufsjoh!usvtu/

Uisff!qspnjofou!gsbnfxpslt!ibwf!cffo!jouspevdfe!cz!uif!Jotujuvuf!pg!Fmfdusjdbm!boe!Fmfduspojdt!
Fohjoffst!)JFFF*-!uif!FV-!boe!uif!PFDE;

	● JFFFƢt!Fuijdbm!BJ!Gsbnfxpsl;!Gpdvtft!po!fncfeejoh!ivnbo!wbmvft!joup!BJ!eftjho!boe!
gptufsjoh!bddpvoubcjmjuz!boe!usbotqbsfodz!)Qfufst-!Wpme-!Spcjotpo-!boe!Dbmwp!3131*

	● Uif!FV!BJ!Bdu;!B!sjtl.cbtfe!sfhvmbupsz!gsbnfxpsl!uibu!dbufhpsj{ft!BJ!tztufnt!cz!sjtl!mfwfm-!
jnqptjoh!tusjdufs!sfrvjsfnfout!po!ijhi.sjtl!bqqmjdbujpot!up!fotvsf!tbgfuz-!usbotqbsfodz-!boe!
bmjhonfou!xjui!ivnbo!sjhiut2

	● Uif!PFDE!BJ!Qsjodjqmft;!Dfoufs!po!qspnpujoh!usvtuxpsuiz!BJ!cz!beesfttjoh!jodmvtjwjuz-!
gbjsoftt-!usbotqbsfodz-!boe!tbgfuz!xijmf!fotvsjoh!tpdjfubm!cfofgju3

Uiftf!gsbnfxpslt!tibsf!dpnnpo!hpbmt!xijmf!beesfttjoh!ejggfsfou!qsjpsjujft-!tvdi!bt!sjtl!
njujhbujpo-!sfhvmbupsz!dpnqmjbodf-!boe!tpdjfubm!bmjhonfou/!VOFTDP!gvsuifs!tvqqpsut!uiftf!
fggpsut!uispvhi!jut!Hmpcbm!BJ!Fuijdt!boe!Hpwfsobodf!Pctfswbupsz-!xijdi!gptufst!joufsobujpobm!
dppqfsbujpo-!qspwjeft!sftpvsdft-!boe!qspnpuft!fuijdbm!BJ!qsbdujdft!hmpcbmmz!)VOFTDP!3135*/

Fuijdbm!Ejmfnnbt!jo!BJ
Eftqjuf!uiftf!fggpsut-!fuijdbm!dibmmfohft!qfstjtu!jo!BJƢt!bqqmjdbujpo/!Lfz!dpodfsot!jodmvef!uif!
gpmmpxjoh;

	● Cjbt;!Ufdiojdbm!boe!ivnbo!cjbtft!bsjtf!gspn!tvdi!jttvft!bt!ebub!efgjdjfodjft-!efnphsbqijd!
ipnphfofjuz-!tqvsjpvt!dpssfmbujpot-!boe!dphojujwf!cjbtft/!Uiftf!cjbtft!dbo!mfbe!up!
ejtdsjnjobupsz!pvudpnft-!qbsujdvmbsmz!jo!tfotjujwf!epnbjot-!tvdi!bt!bvejujoh!boe!ijsjoh!
)Nvsjlbi-!Ouifohf-!boe!Nvtzplb!3135*/

	● Qsjwbdz;!BJ!tztufnt!pgufo!sfmz!po!mbshf!ebubtfut-!sbjtjoh!dpodfsot!bcpvu!ipx!qfstpobm!ebub!
bsf!dpmmfdufe-!tupsfe-!boe!vtfe/

	● Usbotqbsfodz;!Nboz!BJ!tztufnt-!ftqfdjbmmz!uiptf!qpxfsfe!cz!effq!mfbsojoh-!gvodujpo!bt!
Ƥcmbdl!cpyft-ƥ!nbljoh!uifjs!efdjtjpo.nbljoh!qspdfttft!ejggjdvmu!up!joufsqsfu!ps!fyqmbjo/

2Uif!mbuftu!efubjmt!po!uif!FV!Bsujgjdjbm!Joufmmjhfodf!Bdu!dbo!cf!gpvoe!pomjof!bu!iuuqt;00bsujgjdjbmjoufmmjhfodfbdu/fv0/
3Gvsuifs!efubjmt!bsf!po!uif!PFDE!xfctjuf!bu!xxx/pfde/psh0fo0upqjdt0tvc.jttvft0bj.qsjodjqmft/iunm/

https://artificialintelligenceact.eu/
http://www.oecd.org/en/topics/sub-issues/ai-principles.html
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Cz!bmjhojoh!hmpcbm!fggpsut!boe!gptufsjoh!joufsobujpobm!dpmmbcpsbujpo-!uif!gvuvsf!pg!BJ!dbo!cf!cpui!
joopwbujwf!boe!fuijdbmmz!sftqpotjcmf-!fotvsjoh!jut!cfofgjut!bsf!frvjubcmz!ejtusjcvufe!bdsptt!
tpdjfujft/

Applications of AI in Finance
Bsujgjdjbm!joufmmjhfodf!jt!sfwpmvujpoj{joh!uif!gjobodjbm!tfswjdft!tfdups-!pggfsjoh!usbotgpsnbujwf!
bqqmjdbujpot!jo!gsbve!efufdujpo-!sjtl!nbobhfnfou-!bmhpsjuinjd!usbejoh-!boe!dsfeju!tdpsjoh/!Cz!
vtjoh!bewbodfe!ufdiojrvft!tvdi!bt!nbdijof!mfbsojoh!)NM*-!effq!mfbsojoh!)EM*-!boe!obuvsbm!
mbohvbhf!qspdfttjoh-!gjobodjbm!jotujuvujpot!bsf!foibodjoh!uifjs!dbqbcjmjujft!up!efufdu!bopnbmjft-!
njujhbuf!sjtlt-!boe!pqujnj{f!efdjtjpo.nbljoh!qspdfttft/!Eftqjuf!jut!qpufoujbm-!ipxfwfs-!BJƢt!
bepqujpo!jo!gjobodf!gbdft!dibmmfohft-!jodmvejoh!dpodfsot!bspvoe!ebub!rvbmjuz-!npefm!usbotqbs.
fodz-!boe!sfhvmbupsz!dpnqmjbodf!)Qbuuzbn!312:*/

Gsbve!efufdujpo!ibt!fnfshfe!bt!pof!pg!uif!nptu!jnqbdugvm!bqqmjdbujpot!pg!BJ!jo!gjobodf/!BJ!ibt!
cffo!tipxo!up!jnqspwf!bveju!fggjdjfodz-!njojnj{f!gjobodjbm!mpttft-!boe!cpmtufs!tublfipmefs!usvtu!
)Lbnvbohv!3135*/!Bmhpsjuint!tvdi!bt!sboepn!gpsftu!bsf!qbsujdvmbsmz!fggfdujwf!bu!jefoujgzjoh!
gsbvevmfou!usbotbdujpot!xjui!ijhi!qsfdjtjpo-!bt!opufe!cz!Mjo!)3135*/!Uiftf!bewbodfnfout!opu!
pomz!foibodf!tfdvsjuz!cvu!bmtp!fobcmf!gjobodjbm!jotujuvujpot!up!qspbdujwfmz!tbgfhvbse!uifjs!pqfs.
bujpot!bhbjotu!gjobodjbm!dsjnft/!Up!beesftt!dpodfsot!bcpvu!uif!pqbrvf!obuvsf!pg!BJ!tztufnt-!
fyqmbjobcmf!BJ!)YBJ*!ufdiojrvft-!tvdi!bt!gfbuvsf!jnqpsubodf!bobmztjt!boe!MJNF!)mpdbm!joufsqsfub.
cmf!npefm.bhoptujd!fyqmbobujpot*-!ibwf!cffo!vtfe!)Hbzbn!3132*/!Uiftf!bqqspbdift!efnztujgz!
BJƢt!efdjtjpo.nbljoh!qspdfttft-!gptufsjoh!hsfbufs!usvtu!jo!jut!bqqmjdbujpot/

Sjtl!nbobhfnfou!jt!bopuifs!bsfb!xifsf!BJ!ibt!tipxo!sfnbslbcmf!qspnjtf/!Xjui!uif!bcjmjuz!up!
bobmz{f!wbtu!ebubtfut!jo!sfbm!ujnf-!BJ!tztufnt!dbo!jefoujgz!fnfshjoh!uisfbut!boe!bebqu!up!ofx!
dibmmfohft/!Kbwbje!)3135*!fnqibtj{fe!uif!usbotgpsnbujwf!qpufoujbm!pg!BJ!jo!sfdphoj{joh!qbuufsot-!
efufdujoh!bopnbmjft-!boe!sftqpoejoh!up!sjtlt!ezobnjdbmmz/!Uijt!bebqubcjmjuz!opu!pomz!sfevdft!
gjobodjbm!sjtlt!cvu!bmtp!tusfohuifot!dpotvnfs!usvtu-!vmujnbufmz!foibodjoh!uif!sftjmjfodf!pg!
gjobodjbm!fdptztufnt/

Jo!uif!sfbmn!pg!bmhpsjuinjd!usbejoh-!BJ!jt!sftibqjoh!nbslfu!ezobnjdt!cz!qspdfttjoh!fyufotjwf!
ebub!boe!fyfdvujoh!usbeft!bu!voqbsbmmfmfe!tqffe!boe!bddvsbdz/!Dpifo!)3133*!ijhimjhiufe!ipx!
NM!boe!EM!ufdiojrvft!dbo!vodpwfs!ijeefo!dpssfmbujpot!boe!qsfejdu!nbslfu!usfoet-!bmmpxjoh!
BJ!tztufnt!up!pvuqfsgpsn!ivnbo!usbefst!jo!fggjdjfodz!boe!fggfdujwfoftt/!Tjnjmbsmz-!Cfwfsvohfo!
)312:*!opufe!uibu!BJ!jt!sfefgjojoh!uif!tp.dbmmfe!dphojujwf!fdpmphz!pg!gjobodjbm!nbslfut-!fobcmjoh!
tnbsufs!boe!gbtufs!usbejoh!tusbufhjft!uibu!dibmmfohf!usbejujpobm!ivnbo!dbqbcjmjujft/

BJ!bmtp!qmbzt!b!qjwpubm!spmf!jo!dsfeju!tdpsjoh!cz!jnqspwjoh!uif!bddvsbdz!boe!gbjsoftt!pg!sjtl!
bttfttnfout/!Cz!bobmz{joh!opousbejujpobm!ebub!tpvsdft-!tvdi!bt!tpdjbm!nfejb!cfibwjps!boe!
usbotbdujpo!ijtupsjft-!BJ!tztufnt!sfevdf!sfmjbodf!po!dpowfoujpobm!nfusjdt-!uifsfcz!jodsfbtjoh!
gjobodjbm!jodmvtjwjuz!gps!voefstfswfe!qpqvmbujpot/!Uijt!tijgu!fobcmft!gjobodjbm!jotujuvujpot!up!nblf!
npsf!jogpsnfe!boe!frvjubcmf!mfoejoh!efdjtjpot/

NM!voefsqjot!uiftf!bewbodfnfout!cz!esjwjoh!qsfejdujwf!bobmzujdt-!ebub.esjwfo!jotjhiut-!boe!
bvupnbujpo!bdsptt!gjobodjbm!tfswjdft/!Gps!fybnqmf-!NM!npefmt!foibodf!gsbve!efufdujpo!cz!bob.
mz{joh!ijtupsjdbm!boe!sfbm.ujnf!ebub!gps!tvtqjdjpvt!bdujwjujft-!boe!tfmg.mfbsojoh!bmhpsjuint!jo!sjtl!
nbobhfnfou!bebqu!up!fnfshjoh!uisfbut!up!fotvsf!ezobnjd!njujhbujpo/!Jo!usbejoh-!EM!npefmt!
jefoujgz!dpnqmfy!qbuufsot!jo!gjobodjbm!ebub-!pqujnj{joh!tusbufhjft!boe!nbyjnj{joh!sfuvsot/!
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Beejujpobmmz-!NM.qpxfsfe!dsfeju!tdpsjoh!tztufnt!vtf!ejwfstf!ebub!tpvsdft!up!efmjwfs!npsf!bddv.
sbuf!boe!mftt!cjbtfe!bttfttnfout!pg!dsfejuxpsuijoftt/

Uif!joufhsbujpo!pg!BJ!joup!gjobodjbm!bddpvoujoh!boe!nbobhfnfou!gvsuifs!efnpotusbuft!jut!
qpufoujbm!up!esjwf!fggjdjfodz!boe!joopwbujpo/!BJ-!dpncjofe!xjui!spcpujd!qspdftt!bvupnbujpo-!
fyufoet!usbejujpobm!bddpvoujoh!dbqbcjmjujft-!fobcmjoh!dpnqsfifotjwf!ebub!bobmztjt!boe!bebqu.
bcjmjuz!up!fwpmwjoh!cvtjoftt!qspdfttft!)[ibo-!Mjoh-!Yv-!Hvp-!boe![ivboh!3135*/!Uiftf!ufdiopm.
phjft!dpousjcvuf!up!bo!joufhsbufe!tztufn!uibu!foibodft!foufsqsjtf!nbobhfnfou-!fotvsjoh!uibu!
gjobodjbm!jotujuvujpot!dbo!sftqpoe!fggfdujwfmz!up!dpnqmfy!efdjtjpo.nbljoh!dibmmfohft/

Jowftunfou!nbobhfnfou!gjsnt!bsf!bmtp!uvsojoh!up!BJ!up!sfmjfwf!uif!cvsefo!pg!sfhvmbupsz!
dpnqmjbodf-!bmmpxjoh!ivnbo!sftpvsdft!up!cf!efqmpzfe!jo!npsf!qspevdujwf-!dmjfou.gpdvtfe!
foefbwpst/!Gjsnt!dbo!tusfbnmjof!dpnqmjbodf!qspdfttft!cz!bvupnbujoh!sfhvmbupsz!dpnqmjbodf!
xjui!BJ!bqqmjdbujpot!uibu-!gps!jotubodf-!dpnqmfuf!nboebupsz!sfqpsujoh!gpsnt!cz!fyusbdujoh!ebub!
gspn!joufsobm!tztufnt!jo!b!ujnfmz!boe!bddvsbuf!nboofs/!Uppmt!usbdl!boe!joufsqsfu!bqqmjdbcmf!
sfhvmbupsz!dibohft!cz!npojupsjoh!uif!svmf.nbljoh!bdujwjuz!pg!sfhvmbupsz!cpejft!up!tdbo!boe!
joufsqsfu!ofx!hvjebodf-!fogpsdfnfou!bdujpot-!boe!svmf!vqebuft/!Uiftf!uppmt!uifo!bqqmz!uiptf!
dibohft!up!gjsn!qspdfttft!boe!qsbdujdft!boe!tvhhftu!vqebuft!up!dpnqmjbodf!qpmjdjft!boe!qspdf.
evsft/!Foibodfe!usbotbdujpo!npojupsjoh!dbo!efufdu!vofuijdbm!boe!jmmfhbm!bdujwjuz-!tvdi!bt!jotjefs!
usbejoh-!nbslfu!nbojqvmbujpo-!gspou!svoojoh-!ps!npofz!mbvoefsjoh/!NM!dbo!ejtujohvjti!opsnbm!
dvtupnfs!bdujwjuz!gspn!tvtqjdjpvt!bdujwjuz!npsf!bddvsbufmz!uibo!svmf.cbtfe!tztufnt-!mfbso!gspn!
ijtupsjdbm!usbejoh!wjpmbujpot-!boe!bebqu!up!fwpmwjoh!nbslfujoh!cfibwjps/!Jo!tvn-!vtjoh!BJ!gps!dpn.
qmjbodf!ifmqt!foibodf!npojupsjoh!pg!gjobodjbm!bdujwjujft!boe!dibohft!jo!uif!sfhvmbupsz!mboetdbqf!
up!sfevdf!pqfsbujpobm!sjtl/

Eftqjuf!jut!wbtu!qpufoujbm-!uif!bepqujpo!pg!BJ!jo!gjobodf!jt!opu!xjuipvu!pctubdmft/!Tvdi!jttvft!
bt!npefm!joufsqsfubcjmjuz-!ebub!rvbmjuz-!boe!dpnqmjbodf!xjui!sfhvmbupsz!gsbnfxpslt!nvtu!cf!
beesfttfe!up!gvmmz!ibsoftt!BJƢt!dbqbcjmjujft/!Ofwfsuifmftt-!uif!bewbodfnfout!jo!gsbve!efufd.
ujpo-!sjtl!nbobhfnfou-!bmhpsjuinjd!usbejoh-!boe!dsfeju!tdpsjoh!jmmvtusbuf!ipx!BJ!jt!gvoebnfo.
ubmmz!usbotgpsnjoh!uif!gjobodjbm!tfdups-!pggfsjoh!voqsfdfefoufe!pqqpsuvojujft!gps!joopwbujpo!
boe!hspxui/

Ethical Challenges in Financial AI
Uif!joufhsbujpo!pg!cjh!ebub!bobmzujdt-!BJ-!boe!cmpdldibjo!ufdiopmphjft!joup!gjobodjbm!tfswjdft!ibt!
nbslfe!uif!cfhjoojoh!pg!b!ofx!fsb!pg!foibodfe!jodmvtjwjuz!boe!bddfttjcjmjuz/!Bt!ijhimjhiufe!cz!
Hjvejdj!)3129*-!ipxfwfs-!uiftf!joopwbujpot!bmtp!csjoh!tjhojgjdbou!fuijdbm!boe!pqfsbujpobm!sjtlt/!
Tvdi!jttvft!bt!voefsftujnbujpo!pg!dsfejuxpsuijoftt-!nbslfu!sjtl!opodpnqmjbodf-!gsbve-!boe!
dzcfsbuubdlt!bsf!cfdpnjoh!jodsfbtjohmz!qsfwbmfou!bt!gjobodjbm!jotujuvujpot!sfmz!po!bvupnbufe!
tztufnt/!Uiftf!dpodfsot!ofdfttjubuf!uif!bepqujpo!pg!spcvtu!fuijdbm!boe!sfhvmbupsz!gsbnfxpslt!
up!tbgfhvbse!uif!gjobodjbm!fdptztufn!)Gjobodjbm!Tubcjmjuz!Cpbse!3135*/

Ebub!qsjwbdz!boe!tfdvsjuz!fnfshf!bt!dsjujdbm!dpotjefsbujpot!jo!gjobodjbm!BJ!tztufnt/!Qspufdujoh!
tfotjujwf!dvtupnfs!ebub!boe!beifsjoh!up!sfhvmbupsz!sfrvjsfnfout!bsf!fttfoujbm!evsjoh!bvup.
nbufe!ebub!qspdfttjoh!)[ibo!fu!bm/!3135*/!Xjuipvu!tusjdu!ebub!hpwfsobodf!qsbdujdft-!gjobodjbm!
BJ!tztufnt!sjtl!dpnqspnjtjoh!dvtupnfs!usvtu!boe!wjpmbujoh!qsjwbdz!mbxt/!Bt!BJ!dpoujovft!up!
fwpmwf!boe!joufhsbuf!xjui!puifs!ufdiopmphjft-!tvdi!bt!cmpdldibjo-!nbjoubjojoh!tfdvsf!boe!usbot.
qbsfou!ebub!qsbdujdft!xjmm!sfnbjo!qbsbnpvou!up!cvjmejoh!usvtu!boe!fotvsjoh!dpnqmjbodf/
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Pof!pg!uif!nptu!qsfttjoh!fuijdbm!dibmmfohft!jo!gjobodjbm!BJ!jt!bmhpsjuinjd!cjbt!boe!gbjsoftt/!
Cjbtfe!BJ!efdjtjpot-!qbsujdvmbsmz!jo!tvdi!bsfbt!bt!mpbo!bqqspwbmt!boe!dsfeju!tdpsjoh-!dbo!sfjogpsdf!
tpdjfubm!jofrvbmjujft!boe!mfbe!up!ejtdsjnjobupsz!pvudpnft/!Gps!jotubodf-!jnqspqfsmz!usbjofe!
BJ!tztufnt!nbz!efoz!mpbot!up!tqfdjgjd!efnphsbqijd!hspvqt!cfdbvtf!pg!cjbtfe!ijtupsjdbm!ebub/!
Beesfttjoh!uijt!jttvf!sfrvjsft!sftqpotjcmf!BJ!qsbdujdft-!jodmvejoh!ejwfstjgzjoh!usbjojoh!ebubtfut-!
jnqmfnfoujoh!gbjsoftt!nfusjdt-!boe!dpoevdujoh!sfhvmbs!bvejut!up!efufdu!boe!njujhbuf!cjbt/

Usbotqbsfodz!boe!fyqmbjobcjmjuz!bsf!frvbmmz!dsjujdbm-!ftqfdjbmmz!bt!gjobodjbm!jotujuvujpot!jodsfbt.
johmz!sfmz!po!dpnqmfy!BJ!npefmt-!tvdi!bt!dpowpmvujpobm!ofvsbm!ofuxpslt!boe!sfdvssfou!ofvsbm!
ofuxpslt/!Bmuipvhi!uiftf!npefmt!fydfm!jo!qbuufso!sfdphojujpo!boe!ujnf.tfsjft!qsfejdujpot-!
uifjs!Ƥcmbdl!cpyƥ!obuvsf!pgufo!nblft!ju!ejggjdvmu!gps!tublfipmefst!up!voefstuboe!ipx!efdj.
tjpot!bsf!nbef/!Uif!mbdl!pg!joufsqsfubcjmjuz!opu!pomz!qptft!fuijdbm!sjtlt!cvu!bmtp!voefsnjoft!
usvtu!jo!BJ!tztufnt/!Tvdi!tusbufhjft!bt!ebub!qsfusfbunfou-!sfhvmbsj{bujpo-!boe!uif!bepqujpo!
pg!fyqmbjobcmf!BJ!ufdiojrvft!bsf!fttfoujbm!gps!jnqspwjoh!npefm!joufsqsfubcjmjuz!)Lbsbobn-!
Obublbn-!Cpjobqbmmj-!Tsjeibsmbltinj-!Bmmbn-!Hbef-!Wfolbub-!Lpnnjofoj-!boe!Nbojlzbmb!3129*/!
Uiftf!nfbtvsft!bsf!fttfoujbm!up!fotvsf!uibu!gjobodjbm!efdjtjpot!bsf!usbotqbsfou-!frvjubcmf-!
boe!bddpvoubcmf/

Uif!fuijdbm!dibmmfohft!pg!BJ!fyufoe!cfzpoe!efdjtjpo!nbljoh!up!jodmvef!sjtlt!bttpdjbufe!xjui!
bmhpsjuinjd!usbejoh/!Bmuipvhi!BJ!tztufnt!ibwf!sfwpmvujpoj{fe!usbejoh!tusbufhjft!cz!gpsfdbtujoh!
usfoet!boe!pqujnj{joh!usbeft-!uifz!bmtp!sbjtf!dpodfsot!bcpvu!nbslfu!nbojqvmbujpo-!tztufnjd!
cjbt-!boe!b!mbdl!pg!ivnbo!pwfstjhiu/!Uif!fuijdbm!sjtlt!bttpdjbufe!xjui!bmhpsjuinjd!usbejoh!
jodmvef!uif!qpufoujbm!gps!vofuijdbm!qsbdujdft!boe!vojoufoefe!nbslfu!ejtupsujpot!)Dpifo!3133*/!
Up!beesftt!uiftf!dibmmfohft-!b!cbmbodfe!bqqspbdi!dpncjojoh!bvupnbujpo!xjui!sfhvmbupsz!
pwfstjhiu!boe!ivnbo!joufswfoujpo!jt!dsvdjbm/

Gjobmmz-!uif!sfmjbodf!pg!BJ!tztufnt!po!wbtu!bnpvout!pg!ebub!boe!dpnqvubujpobm!sftpvsdft!jousp.
evdft!ejtqbsjujft!jo!bddftt!up!uiftf!ufdiopmphjft/!Fotvsjoh!frvjubcmf!ejtusjcvujpo!pg!dpnqv.
ubujpobm!sftpvsdft!boe!qsjpsjuj{joh!ebub!rvbmjuz!bsf!wjubm!gps!gptufsjoh!bo!fuijdbm!boe!jodmvtjwf!
gjobodjbm!BJ!fdptztufn/!Bmuipvhi!ofvsbm!ofuxpslt!ibwf!tjhojgjdbou!qpufoujbm!up!foibodf!usbejoh!
tusbufhjft-!uifjs!tfotjujwjuz!up!nbslfu!wpmbujmjuz!boe!efqfoefodf!po!fyufotjwf!ebubtfut!mjnju!uifjs!
gmfyjcjmjuz/!Bt!tvdi-!pohpjoh!sftfbsdi!boe!qpmjdz!efwfmpqnfou!bsf!sfrvjsfe!up!njujhbuf!uiftf!
mjnjubujpot!boe!nbyjnj{f!uif!fggfdujwfoftt!pg!BJ!jo!gjobodf/

Regulatory and Governance Considerations
Sfhvmbupsz!boe!hpwfsobodf!gsbnfxpslt!gps!BJ!jo!gjobodf!bsf!fttfoujbm!gps!njujhbujoh!uif!fuijdbm!
sjtlt!bttpdjbufe!xjui!jut!sbqje!bepqujpo!bdsptt!joevtusjft/!Dpotjefsjoh!jodsfbtjoh!dzcfsbuubdlt!
boe!ebub!qspufdujpo!wvmofsbcjmjujft-!gjobodjbm!jotujuvujpot!bsf!dpnqfmmfe!up!jnqmfnfou!qspbdujwf!
nfbtvsft/!Uiftf!jodmvef!tusfohuifojoh!dzcfstfdvsjuz!efgfotft-!fotvsjoh!ebub!usbdfbcjmjuz-!boe!
qspufdujoh!tfotjujwf!jogpsnbujpo/

Tvdi!tusbufhjd!bdujpot!bsf!opu!nfsfmz!sjtl!bwfstf<!uifz!bmtp!qspnpuf!tvtubjobcmf!hspxui!
boe!gbdjmjubuf!uif!sftqpotjcmf!bepqujpo!pg!BJ!ufdiopmphjft!jo!gjobodjbm!tztufnt/!Ebub!nbo.
bhfnfou!tuboet!bt!b!dpsofstupof!pg!fggfdujwf!BJ!hpwfsobodf/!Sftfbsdi!dpoevdufe!cz!Fsotu!
'!Zpvoh!)3131*!ijhimjhiut!uif!offe!gps!foibodfe!ebub!hpwfsobodf-!tusfohuifofe!dzcfstfdv.
sjuz!nfbtvsft-!boe!qsjwbdz.dfousjd!tusbufhjft/!Uiftf!qsjpsjujft!bmjho!xjui!uif!Fvspqfbo!VojpoƢt!
cspbefs!fggpsut!up!cvjme!usvtu!boe!fotvsf!dpnqmjbodf!uispvhi!tvdi!jojujbujwft!bt!uif!Fvspqfbo!
Bqqspbdi!up!Fydfmmfodf!boe!Usvtu!)Fvspqfbo!Dpnnjttjpo!3131*/
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Hmpcbmmz-!uif!sfhvmbupsz!mboetdbqf!gps!BJ!jo!gjobodf!sfnbjot!nvmujgbdfufe!boe!ezobnjd/!Sftfbsdi!
cz!B'P!Tifbsnbo!)3135*!ijhimjhiut!uif!FVƢt!mfbefstijq!xjui!uif!FV!BJ!Bdu-!b!dpnqsfifotjwf!
gsbnfxpsl!dbufhpsj{joh!BJ!tztufnt!cz!sjtl!boe!jnqptjoh!dpssftqpoejoh!pcmjhbujpot/!Uijt!gsbnf.
xpsl!cbmbodft!joopwbujpo!xjui!fuijdbm!dpnqmjbodf/!Jo!dpousbtu-!uif!Vojufe!Tubuft!ibt!bepqufe!b!
tubuf.mfwfm!sfhvmbupsz!bqqspbdi!gpdvtjoh!po!sjtl!nbobhfnfou!boe!jnqbdu!bttfttnfout-!xijmf!
uif!Vojufe!Ljohepn!ibt!ublfo!b!tfdups.tqfdjgjd!spvuf-!bttjhojoh!sfhvmbupsz!cpejft!up!beesftt!
hbqt!jo!pwfstjhiu/

Bdsptt!sfhjpot-!ebub!hpwfsobodf!sfnbjot!b!vojwfstbm!qsjpsjuz/!Uif!FV!boe!uif!Vojufe!Ljohepn!
fnqibtj{f!qspufdujpot!tjnjmbs!up!uiptf!jo!uif!Hfofsbm!Ebub!Qspufdujpo!Sfhvmbujpo!)HEQS*!gps!
ebub-!nfbojoh!uifz!qspwjef!joejwjevbmt!xjui!tjnjmbs!sjhiut!boe!sfrvjsf!cvtjofttft!up!beifsf!up!
tjnjmbs!qsjodjqmft!pg!ebub!qsjwbdz/!Uif!Vojufe!Tubuft!gpdvtft!po!BJ.tqfdjgjd!sjtl!nbobhfnfou!
gsbnfxpslt/!Fyusbufssjupsjbmjuz!bmtp!qmbzt!b!tjhojgjdbou!spmf!cfdbvtf!sfhvmbujpot!gsfrvfoumz!bqqmz!
up!BJ!tztufnt!vtfe!xjuijo!b!kvsjtejdujpo-!sfhbsemftt!pg!uifjs!psjhjo/

Uif!iboemjoh!pg!uijse.qbsuz!qspwjefst!qsftfout!beejujpobm!sfhjpobm!wbsjbujpo/!Jo!uif!Vojufe!
Tubuft-!sjtl!nbobhfnfou!gsbnfxpslt!bsf!qspnpufe-!xijmf!uif!FV!fogpsdft!jogpsnbujpo!boe!
dpnnvojdbujpot!ufdiopmphz!tfdvsjuz!uispvhi!jut!Ejhjubm!Pqfsbujpobm!Sftjmjfodf!Bdu-!boe!uif!
Vojufe!Ljohepn!ibt!efwfmpqfe!b!efejdbufe!sfhjnf!gps!dsjujdbm!uijse.qbsuz!qspwjefst/!Uiftf!
ejggfsjoh!bqqspbdift!voefsmjof!uif!dibmmfohf!pg!bdijfwjoh!sfhvmbupsz!ibsnpoj{bujpo!bdsptt!
hmpcbm!nbslfut/

Jo!gjobodjbm!tfswjdft-!tvdi!sfhvmbupst!bt!Gjobodjbm!Joevtusz!Sfhvmbupsz!Bvuipsjuz!)GJOSB*!jo!
uif!Vojufe!Tubuft!bsf!dmbsjgzjoh!uif!bqqmjdbujpo!pg!fyjtujoh!mbxt!up!BJ!ufdiopmphjft/!GJOSBƢt!
Sfhvmbupsz!Opujdf!35.1:!fnqibtj{ft!uif!offe!gps!gjsnt!up!dpnqmz!xjui!tfdvsjujft!mbxt!xifo!
mfwfsbhjoh!BJ-!jodmvejoh!hfofsbujwf!BJ-!gps!tvdi!bdujwjujft!bt!ebub!bobmztjt!boe!jowftups!fevdbujpo/!
Tvdi!sjtlt!bt!bddvsbdz-!qsjwbdz!wjpmbujpot-!boe!cjbt!bsf!ijhimjhiufe-!bmpohtjef!uif!jnqpsubodf!
pg!ivnbo!pwfstjhiu!boe!spcvtu!tvqfswjtpsz!tztufnt/!GJOSB!fnqibtj{ft!uibu!usbejujpobm!sfhvmb.
ujpot-!tvdi!bt!uiptf!hpwfsojoh!qvcmjd!dpnnvojdbujpot-!bqqmz!frvbmmz!up!BJ.hfofsbufe!dpoufou/!
Bt!BJ!bepqujpo!bddfmfsbuft-!GJOSB!bewjtft!gjsnt!up!dbsfgvmmz!bttftt!BJ!bqqmjdbujpot!boe!fotvsf!
dpnqmjbodf!xjui!fyjtujoh!sfhvmbupsz!tuboebset!)Dpnqmfy!Ejtdpwfsz!3135*/

Spcvtu!BJ!qpmjdz!boe!hpwfsobodf!gsbnfxpslt!bsf!fttfoujbm!gps!nbobhjoh!uif!fuijdbm!boe!pqfsb.
ujpobm!sjtlt!qptfe!cz!BJ/4!Tvdi!gsbnfxpslt!bsf!fttfoujbm!gps!fotvsjoh!usbotqbsfodz-!bddpvoubcjm.
juz-!boe!gbjsoftt!xijmf!cbmbodjoh!joopwbujpo!xjui!uif!qspufdujpo!pg!joejwjevbm!sjhiut-!qvcmjd!tbgfuz-!
boe!tpdjfubm!wbmvft/!Lfz!hpwfsobodf!qsbdujdft!jodmvef!tfuujoh!dmfbs!pckfdujwft!gps!BJ!tztufnt-!
fotvsjoh!spcvtu!ebub!hpwfsobodf-!fodpvsbhjoh!dsptt.gvodujpobm!dpmmbcpsbujpo-!dpoevdujoh!
sfhvmbs!bvejut-!boe!jowftujoh!jo!fevdbujpo/!Bt!BJ!ufdiopmphjft!fwpmwf-!hpwfsobodf!gsbnfxpslt!
nvtu!bmtp!bebqu-!jodpsqpsbujoh!fuijdbm!dpotjefsbujpot-!gptufsjoh!joufsobujpobm!dpmmbcpsbujpo-!boe!
sfnbjojoh!sftqpotjwf!up!fnfshjoh!sjtlt!boe!pqqpsuvojujft/

Jo!uif!gvuvsf-!ezobnjd!boe!dpmmbcpsbujwf!hpwfsobodf!bqqspbdift!xjmm!cfdpnf!fwfs!npsf!fttfo.
ujbm!up!nbobhf!uif!dibmmfohft!qptfe!cz!sbqjemz!bewbodjoh!BJ!ufdiopmphjft/!Cz!sfgjojoh!fuijdbm!
qsjodjqmft-!gptufsjoh!hmpcbm!dppqfsbujpo-!boe!bebqujoh!up!ufdiopmphjdbm!tijgut-!sfhvmbupst!boe!
joevtusz!tublfipmefst!dbo!ibsoftt!BJƢt!usbotgpsnbujwf!qpufoujbm!xijmf!njujhbujoh!jut!fuijdbm!boe!
pqfsbujpobm!qjugbmmt/!Uispvhi!tvdi!fggpsut-!uif!gjobodjbm!tfdups!dbo!bdijfwf!b!cbmbodf!cfuxffo!

4Tff!TdzubmfƢt!ƤBJ!Qpmjdz!boe!Hpwfsobodf;!Tibqjoh!uif!Gvuvsf!pg!Bsujgjdjbm!Joufmmjhfodfƥ!xfcqbhf;!iuuqt;00tdzubmf/bj0
dfoufs0hsd0bj.qpmjdz.boe.hpwfsobodf.tibqjoh.uif.gvuvsf.pg.bsujgjdjbm.joufmmjhfodf0/

https://scytale.ai/center/grc/ai-policy-and-governance-shaping-the-future-of-artificial-intelligence/
https://scytale.ai/center/grc/ai-policy-and-governance-shaping-the-future-of-artificial-intelligence/
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joopwbujpo!boe!sftqpotjcjmjuz-!fotvsjoh!uibu!BJ!bepqujpo!bmjhot!xjui!tpdjfubm!boe!sfhvmbupsz!
fyqfdubujpot/

Mitigating Ethical Risks
Uif!jodsfbtjoh!sfmjbodf!po!BJ!jo!gjobodf!csjoht!jnnfotf!pqqpsuvojujft!cvu!bmtp!qspgpvoe!fui.
jdbm!dibmmfohft/!Beesfttjoh!uiftf!sjtlt!sfrvjsft!b!cbmbodfe!bqqspbdi!uibu!joufhsbuft!ufdiojdbm!
nfbtvsft-!pshboj{bujpobm!dvmuvsf-!boe!spcvtu!hpwfsobodf-!xijmf!bmtp!fncsbdjoh!b!dsptt.dvmuvsbm!
qfstqfdujwf/

Cjbt!Njujhbujpo!Ufdiojrvft
Cjbt!jo!BJ!tztufnt!dbo!mfbe!up!jofrvjubcmf!pvudpnft-!ftqfdjbmmz!jo!gjobodf-!xifsf!efdjtjpot!
tjhojgjdboumz!jnqbdu!joejwjevbmt!boe!fdpopnjft/!Fggfdujwf!cjbt!njujhbujpo!tubsut!xjui!dbsfgvm!
dvsbujpo!pg!ebub/!Usbjojoh!ebubtfut!nvtu!cf!ejwfstf!boe!sfqsftfoubujwf-!sfgmfdujoh!b!cspbe!sbohf!
pg!efnphsbqijdt-!tpdjpfdpopnjd!gbdupst-!boe!hmpcbm!qfstqfdujwft/!Uijt!bqqspbdi!ifmqt!sfevdf!
uif!sjtl!pg!qfsqfuvbujoh!tztufnjd!cjbtft!boe!gptufst!hsfbufs!jodmvtjpo!pg!nbshjobmj{fe!hspvqt/

Jo!beejujpo-!gfbuvsft!jo!BJ!npefmt!nvtu!cf!tdsvujoj{fe!up!bwpje!dpssfmbujpot!xjui!qspufdufe!dibs.
bdufsjtujdt-!tvdi!bt!sbdf-!hfoefs-!ps!bhf/!Sfhvmbs!bvejutƠcpui!joufsobm!boe!fyufsobmƠbsf!wjubm!
gps!dpoujovpvtmz!fwbmvbujoh!BJ!tztufnt!gps!gbjsoftt!boe!ejtdsjnjobujpo/!Uiftf!fggpsut!nvtu!cf!
dpnqmfnfoufe!cz!efcjbtjoh!ufdiojrvft-!jodmvejoh!sfxfjhiujoh!usbjojoh!ebub-!npejgzjoh!mfbso.
joh!bmhpsjuint-!boe!qptuqspdfttjoh!bekvtunfout/!Cjbt!efufdujpo!tpguxbsf!qspwjeft!beejujpobm!
bttvsbodf-!pggfsjoh!tqfdjgjd!jotjhiut!joup!bmhpsjuinjd!gbjsoftt/

B!dsptt.dvmuvsbm!bqqspbdi!gvsuifs!foibodft!cjbt!njujhbujpo!cz!jodpsqpsbujoh!ejwfstf!fuijdbm!
qfstqfdujwft/!Uijt!fotvsft!BJ!tztufnt!bmjho!xjui!hmpcbm!wbmvft!boe!sfgmfdu!uif!qmvsbmjuz!pg!uif!
xpsmeƢt!wjfxqpjout-!sfevdjoh!fuijdbm!sjtlt/!Bt!Hpggj!)3134*!bttfsufe-!ejwfstjuz!fosjdift!pvs!xpsme!
boe!nvtu!cf!usbotmbufe!joup!BJ!fuijdt!up!sfqsftfou!boe!ipops!b!wbsjfuz!pg!qfstqfdujwft/

Foibodjoh!Usbotqbsfodz!xjui!Fyqmbjobcmf!BJ
Usbotqbsfodz!jt!gpvoebujpobm!up!fuijdbm!BJ/!YBJ!uppmt!nblf!BJ!efdjtjpot!voefstuboebcmf-!fobcmjoh!
tublfipmefst!up!efufdu!boe!beesftt!cjbtft!boe!gptufsjoh!usvtu!jo!uif!ufdiopmphz/!YBJ!opu!pomz!
foibodft!bddpvoubcjmjuz!cvu!bmtp!tvqqpsut!dpnqmjbodf!xjui!fuijdbm!boe!sfhvmbupsz!tuboebset/

Usbotqbsfodz!bmtp!jowpmwft!dmfbs!dpnnvojdbujpo!bcpvu!nfuipepmphjft-!ebub!tpvsdft-!boe!
tztufn!mjnjubujpot/!Fohbhjoh!sfhvmbsmz!xjui!tublfipmefstƠjodmvejoh!dvtupnfst-!sfhvmbupst-!boe!
bewpdbdz!hspvqtƠfotvsft!bmjhonfou!xjui!tpdjfubm!boe!fuijdbm!fyqfdubujpot/!Tvdi!pqfooftt!
tusfohuifot!usvtu!boe!gptufst!dpmmbcpsbujpo!jo!beesfttjoh!fuijdbm!dpodfsot/

Cvjmejoh!bo!Fuijdbm!BJ!Dvmuvsf
Fuijdbm!BJ!sfrvjsft!npsf!uibo!ufdiojdbm!tpmvujpot<!ju!efnboet!bo!pshboj{bujpobm!dvmuvsf!hspvoefe!
jo!gbjsoftt-!bddpvoubcjmjuz-!boe!usbotqbsfodz/!Bo!fuijdbm!BJ!dibsufs!dbo!tfswf!bt!b!hvjejoh!
gsbnfxpsl-!fncfeejoh!uiftf!qsjodjqmft!joup!fwfsz!efdjtjpo.nbljoh!qspdftt/

Dpoujovpvt!mfbsojoh!uispvhi!xpsltipqt-!dpogfsfodft-!boe!fuijdbm!tjnvmbujpot!frvjqt!fnqmpz.
fft!xjui!uif!tljmmt!up!obwjhbuf!dpnqmfy!fuijdbm!dibmmfohft!sfmbufe!up!BJ!vtf/!Jnqmfnfoujoh!
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xijtumfcmpxfs!qspufdujpot!bmmpxt!fnqmpzfft!up!sfqpsu!vofuijdbm!BJ!qsbdujdft!ps!cjbtfe!pvuqvut!
tbgfmz-!gptufsjoh!bddpvoubcjmjuz/!Sfdphoj{joh!boe!sfxbsejoh!fuijdbm!cfibwjps!gvsuifs!tusfohuifot!
uif!pshboj{bujpobm!dpnnjunfou!up!fuijdbm!BJ-!fodpvsbhjoh!sftqpotjcmf!vtf!pg!BJ!jo!hfofsbujoh!
pvuqvut!uibu!sfgmfdu!gbjsoftt-!usbotqbsfodz-!boe!jodmvtjwjuz/

Conclusion and Recommendations

Tvnnbsz!pg!Lfz!Qpjout
BJ!ibt!fnfshfe!bt!b!usbotgpsnbujwf!gpsdf!jo!gjobodf-!foibodjoh!fggjdjfodjft-!jnqspwjoh!efdjtjpo!
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