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Abstract

The COVID-19 pandemic has prevented students from congregating to take
traditional in-person exams, shifting the attention of pedagogical institutions
to online exam systems accessed remotely. This research surveys previous
review papers on human action recognition to confirm the feasibility of ob-
taining action features from spatiotemporal data sets such as videos. This re-
search reviews multiple state-of-the-art deep models and optimisation meth-
ods under the premise of achieving a balance between performance, function
and resource demand constraints of mobile devices. Then a deep learning
model is developed to classify the behaviour of examinees to a series of activ-
ities, approved or prohibited by the exam holder. The model evaluation care-
fully considers the model performance in machine learning classification met-
rics and computational performance. Experimental results show that the pro-
posed model achieved over 90% accuracy over 12 exam-related action categor-
ies with 23.6M parameters, making it possible to run inference smoothly on
most modern mobile phones. Finally, this research concludes with a discus-
sion of model design and optimisation experiences with possible directions
for future research in this area.

Keywords: Deep learning, pose-based features, video data, classification,
mobile device, exam proctoring
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1 Introduction

This chapter introduces the background 1.1 of the current COVID-19 pandemic, leading
to the research questions and aims 1.2 to be achieved in this research. Furthermore, since
human participants are involved in data collection and model training, research ethics
1.3 are discussed. Finally, this chapter also presents the overview and structure 1.4 of
this dissertation.

1.1 Research background

COVID-19 has brought many challenges to higher education. Marinoni, VanK t Land
and Jensen [1] reiterate the facts released by UNESCO regarding the significant impact
of the pandemic on education in countries around the world. For example, there are ap-
proximately 130 million students, accounting for 89.4% of total enrolled learners, whose
academic career has been vitiated because of the impact of pervading virus caused school
closures.

To better respond to the crisis and allay public concerns caused by the epidemic, the Inter-
national Association of Universities (IAU) launches a survey of the impact of COVID-19
on higher education. Marinoni, VanK t Land and Jensen [1] present the survey results
showing that COVID-19 has inevitably affected many processes in education, including

teaching & learning, researching, and assessment.

In teaching and learning, most classroom lectures have been substituted by distance
teaching and learning, which may not be difficult for professors and students who are
familiar with computers and the Internet. On the other hand, experiments and research
that require the use of shared professional equipment are much more severely affected.
The survey shows that 80% of researchers have reported that their research progress is

decelerating and moving at a creep.

However, as for assessment and examination, institutions have no way to perpetuat-
ing the traditional assessment methods, which is indicated by Clark et al. [2] as one
of the most important challenges for students. “Learning assessment and examination



approaches will be reviewed, and institutions may choose to invest further in technical in-
frastructures”, said by Marinoni, Vank Land and Jensen [1] points out the fact. Although
some universities shift from closed-book exams to pure continuous assessments imme-
diately, other educational institutions are craving for new technologies to help them out

of trouble.

As aresult, the motivation of this research is to investigate the feasibility of deep-learning-
based human action recognition techniques in the distance invigilation application and

provide a way for educational institutions to hold exams and reduce labour costs.

In recent years, ubiquitous influences of deep learning methods have brought tremend-
ous advancement to many computer science fields and individual’s daily life. In many
tields, such as computer vision and natural language processing, deep learning approaches
achieved higher performance than traditional algorithms. McCay et al. [3] show that in
the research field of automatic human action recognition, the analysis and reconstruc-
tion of human actions have copious applications, including content-based video index-
ing, intelligent surveillance, human-computer interaction, and virtual reality. Therefore,
this research will explore deep learning techniques to solve automatic exam invigilation

problems in the assessment process of distance education.

This research is also based on previous studies in deep learning and deep model mobil-
isation. Currently, there are some existing models for human posture analysis and detec-
tion. But many of them use static imagery as input and key points of the body as output,
and they are not optimised for mobile devices with limited computing power. Beside,
the personal computer hardware, the bridge between the software system and the phys-
ical space, is not trusted. However, a trusted software environment can be ensured on
mobile phones with hardware attestation functions provided by operating system and

device manufactures.

1.2 Research aims

After clarifying the research background, the research question of this dissertation is

summarised as the following:

Is it possible to understand sequential human actions, using an on-device
camera video input stream with deep learning technologies, to classify the
actions of an exam attendee in respect of approved or suspicious behaviours

to a high level of accuracy?

In order to answer the research question, this research aims to achieve the objectives
through the corresponding methods shown in Table 1.2.



Research objectives Method to achieve objectives

To do the literature review By surveying and analysing the state-of-the-art
technologies of deep-learning-based human ac-
tion recognition

To have an available data set By obtaining a suitable image and video data set
and labelling them for training the model

To design a deep learning model By designing a deep learning model

To code and train the deep model By training the model and fine-tuning hyper-
parameters

To optimise the model for mobile By developing a working mobile app that equips
the model
Table 1.2: Research objectives and corresponding methods

After completing the above objectives, this research will also evaluate the project out-

comes, especially for model performance and other following aspects.
e Model accuracy, precision and other evaluation metrics on the classification task.
e Balanced performance between accuracy and efficiency of the deep learning model.

e User experiences of the overall system.

1.3 Research ethics

According to the requirements of research ethics, any research involving human particip-
ation must have reviewed and got an ethical approval by the Research Ethics Committee.
Obviously, this research is about human activity, and videos also need to be captured
from participants as training and validation data set, so it requires some ethical discus-

sions before conducting research.

The ethics committee raised privacy concerns during the review process that people
in the videos have facial biometric information which directly identifies participants,
and inadvertent capture of sensitive information from surroundings or computer screen

might menace examinees’ privacy.

In terms of privacy, Coghlan, Miller and Paterson [4] philosophically describe the ethical
rationality of online proctoring technologies, which highlights “academic integrity, fair-
ness, non-maleficence, transparency, privacy, respect for autonomy;, liberty, and trust”.
Finally, they conclude that the online proctoring function requires a precedent balancing
between concerns and possible benefits. Educational institutions also have the duty to
take ethical considerations should they decide to adopt the technologies.

Bozkurt and Sharma [5] mention that laws and regulations should strive for online
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BUJPOJT UP QSFWFOU JNQPTUFSTJOUIF FYBN BOE UIFJOW
EFUFDU PUIFS DIFBUJOH JO UJNF

IPXBEBZT UIF QBOEFNJD TFHSFHBUFT TUVEFOUT BU IPNF GF
UIFQSFWJPVT BTTVNQUJPO S5IFSFBSFTUJMM TPNF TUVEJFT
NFUSJDBVUIFOUJDBUJPOJOFYBNT *O +B)XHB@ P B T \BEBFBEXE @
PVT CIJPNFUSJD BVUIFOUJDBUJPO NFUIPECBTFE PO IBOE JNB

6$'4QPSUT "DUIJPO?%BR,Bf4FX + +pXm+7X2/mf/ i flI*6naTQ ibn +iBQMXT?



DIFBUJOH FTQFDJBMMZ JNQFSTPOBUJPO EVF UP MBDL PG JC(
B XJEF BOHMF MFOT UP DBQUVSF UIFJNBHFT PG TUVEFOUTT
BOEPCUBJOUIFDPOUPVS GFBUVSFT PG UIFIBOET UISPVHIJ
CJPNFUSJD BVUIFOUJDBUJPO DBOOPU QSFWFOU DIFBUJOH C
NPCIMF QIPOFTUP TFBSDIPOMJOFPSTFFLIOHIFMQ GSPN PU

*O (BSHFULBCBMW XOUPVUUIBUNBOZTFDVSJUZIJTTVFT TUJMI
QSPQPTFBTZTUFNCBTFE PO )BBS $BTDBEF $MBTTJaFS BOE $
UP EFUFDU USBDL UBH BOEJEFOUJGZ UIF TUVEFOUIrT GBDF
VTFTEFFQMFBSOJOHNPEFMT POMZVTJOH GBDJBM GFBUVSHF
DPNQSFIFOTIJWF DPNQBSFE UP BDUJPO SFDPHOJUJPO "OE B
PO GBDJBM GFBUVSFT NBZDBVTF DPOUFOUJPO JO QSJWBDZ .
JDT TFDUJPCS FYBNQMF TUVEFOUT DBO TUJMM DIFBU XJUI NP
FYBNT FWFO XJUIUIF GBDJBM CBTFETFDVSJUZTZTUFN FOBC

"GUFS JOWFTUJHBUJOH NBOZ QSFWJPVT TUVEJFT PO POMJO
DMVEFEUIBUNPTUPGUIFSFTFBSDIJT MINJUFEUP CJPNFUS
SFBEIJMZBWBJIJMBCMFTFDVSJUZTZTUFNUIBU FRVIQTBEFFQ
OJUJPO NPEFM "TBSFTVMU UIJTSFTFBSDIPSIJHJOBMMZ BQ
UFDIOJRVFUPUIFPOMJOFFYBNTFDVSJUZTZTUFN

YFFQ NPEFMT EFUBJM

.BDIJOF MFBSOJOH JT B CSBODI PG BSUJaDJBM JOUFMMJHEFC
PG NBDIJOF MFBSOJOH XIJDI VUIMIJTFT BSUJaDJBM OFVSBM
IJFSBSDIJDBM GFBUVSF FYUSBDUJPO UP SFQMBDF NBOVBM C
MFBSOJOH NFUIPET 3FDFOUMZ UIF SFTFBSDI PG EFFQ MFBS
DPNQVUFS TDJFODF BOEJUJTBMTP BOJNQPSUBOU NFUIPE
JOUIJT SFTFEBSDI 5I1JT TFDUJPO XJMM JOUSPEVDF UIF EFUE
NPEFMT SFMBUFE UP UIJT SFTFBSDI JODMVEJOH $// 3// BUU
UVSFT "MUIPVHIUIFBQQMJDBUJPOTPSUBSHFUUBTLTPGUI
JEFBTCFUXFFOUIFNBSFNVUVBMMZJObVFOUJBM 5IFSFGPSI
EFTIHO DPODFQUT PG UIFTF QSFWJPVT NPEFMT XJMM HSFBU
UIJT SFTFBSDI

$POWPMVUJPOBM OFVSBM OFUXPSL

8JUIUIF SBQJEEFWFMPQNFOUPG OFVSPCIJPMPHZBOEDPHOJ
DJBM OFVSBM OFUXPSLT BDPNQVUBUJPOBM NPEFM UIBU JNZ
CIJPMPHIJDBM OFVSBM OFUXPSLT IBT CFFO QSPQPTFE BT FBS



< >QSPQPTFEBOFUXPSLDSFBUFEGSPNUIFBOJNBM WJTVBM
DFQUT TMPBPDBM™M SFDFMMWFaMBEFS QFSDF Q WD WBSSHO J WML
FRVIWBSJBODF BOE JOWBGRB B DFIBFRESUIF TIJGU JO QPTJI

*OEFUBJM UIFMPDBM SFDFQUJWF aFMENFBOTUIBUFBDI OF\
XIPMF CVUXJMMPOMZQFSDFIWFUIFMPDBMJOGPSNBUJPO |
SBUFEUISPVHIBNVMUJ MBZFS QFSDFQUJPO BSDIJUFDUVSF
UIFPUIFSIBOE UIFQSPQFSUZPGUSBOTMBUJPOFRVJIJWBSJB(
UIFDPNCJOBUJPOPGUIFMPDBM SFDFQUJIJWFaFMEBOENVMU.

SIFTUVEZPGOFVSPCIJPMPHZBOEDPHOJUJWFTDJFODFUIFOF
'PSFYBNQMF ;IBOHEGIYMBM KFUIFaSTUUXP EIJNFOTIJPOBM 41J(
IFVSBM /FUXPSL 4*"// 5IFO -F$UDPSPWBWFE B PSJHJOBM $// X
DPOWPMVUJPOBM MBZFST BOE UXP GVMMZ DPOOFDUFE MBZF
USBJOJOBTVQFSWIJTFEMFBSOJOHBQQSPBDI S5IFZBMTP IJH
UIFaSTUUJNF BOEOBNFEUIJTNPEFMUZQFBTDPOWPMVUJP
BGUFSUIFBQQMJIJDBUJPOPGUIJTNPEFMJOIBOEXSJUWFO [JC
BQQMIJFEJUUPBQSBDUJDBMDBTFPG SFDPHOJTJOH NFEJDB

'JHVSF $//BQQMIDBUJPOTJOWJTIJPOCZ -F$VO>BWVLD

5[FNPTUSFWPMVUJPOBSZQSPHSFTTJTUIBU -F$¥V0QS BWWIFEV
BNPEFSOBSDIJUFDUVSF GPS UIJT NPEFM JO S5I1JBTTINEN D DWYS
DPNQSJTFT UISFFDPOWPMVUJPOBM MBZFST DPNCJOFE JO CI
FST BOEUXP GVMMZDPOOFDUFE MBZFST 4VC TBNQMJOH B
TJ[F PG GFBUVSF NBQT CZ SFUBJOJOH POMZ JNQPSUBOU JO
'VSUIFS JU GVSUIFS TUSFOHUIFOT UIFUSBOTMBUJPO JOWB:
FYBNQMF CFDBVTFUIFUSBOTMBUJPO EPFT OPUBEéEFDU UIF N
SFNBJOT VODIBOHFE

*OUIFGPMMPXJOH ZFBSTPG EFWFMPQNFOU PG $// UIFOVNCH
HSBEVBMMZ EFFQFOJOH UP PCUBJO HSFBUFS IJHI MFWFM JO



TLFWFS BOE )JOQFPXPTFE "MFY/FU XIJDIVTF DPOWPMVUJPC
DPOOFDUFE MBZFST )PXFWFS BT UIF OVNCFS PG IJEEFO MB
NPSF DPNQMFY BOE QSPOF UP PWFSaUUJOH "MFY/FUVTFT U
CSFBLIJIOHOFVSPODPOOFDUJPO TFUUJOH SBOEPNJOQVU V(
QSFWFOUPWFSaUUJOH 5XPZFBSTMBUFS @3RNROZBDB BIOE BN
NFUSZ (SPVQ 7(( NPEFM BO'X[BMPOWPMVUJIJPO LFSOFMT BSH
UPUBMPG MBZFST KVTUBTUIFUJUMFPGUIFQBQFS JUJT B\

5IF FYQFSINFOU JO UIF 7(( NPEFM DPODMVEFE UIBU UIF EFF(
MBZFST UIFCFUUFS UIFQFSGPSNBODF )PXFWFS BTUIFEFQ
PG QBSBNFUFST DPOUJOVF UP JODSFBTF UIF GPMMPXJOH U
EJTDPWFSFE

SIFOFUXPSLIJT QSPOF UP PWFSaU SFRVJSJOH NPSF USB.
aDVMU UP USBJO

.PSFTUPSBHF SFTPVSDFTBOEDPNQVUJOH SFTPVSDFT BS
BEFRVBUF QFSGPSNBODF CPPTU

*O PSEFS UP TPMWF UIFTF QSP QPP T)FEFR BMI <EVBM TUSVE
EFFQ OFUXPSL USBJOJOH FBTJFS XJUI FOIBODFE QFSGPSNB
MPXFS DPNQMFYJUZ 5IFZaSTUJEFOUJaFE UIBU UIF SPPU DB
EFFQFS OFUXPSL TUSVDUVSF MFBET UP EFHSBEBUJPO J F

BUJPO FSSPS CPUI JODSFBTF TJIODF UIF EFFQFS OFUXPSL EF
VTFGVM GFBUVSFT SMOMVadH8BBFTUXPUZQFTPG CVIMEJOH (
XJUI EJEFSFOU OVNCFS PG MBZFST 5IFaSTUUZQJDBM CMPD
BMIOFBS MBZFS GSPNJOQVU UP PVUQVU DPOOFDUFE EJSFD
MZJOH NBQREOHRBHFBDI MBZFS MFBSOT UIF SKTB B ¥ BENF CFIPE-
PVUGMXU=H(Xx) x "TBSFTVMU TVDIBSFTJEVBMTUSVDUVSFB
UP BEBQU UP UIFBQQSPQSJBUF EFQUI J F VTF UIFJEFOUJ
MBZFST

'VSUIFS aHDFPMNQBSFT UIF OFUXPSL TUSVDUVSF PG 7((
MBZFS SFTJEVBM BOE TIPXTIPXUPVTFUIFCVIJIMEJOH CMPDL
VSF BMTP TIPXT B sCPUUMFOFDLtCVIMEJOH CMPDL GPS EFF!
1 1TIJ[FDPOWPMVUJPO UP SFEVDF UIF EJNFOTJPOBM BDSPT"
UJPO SFRVIJSFBDPOWPMVUJIPO



"JHVSFE 3ETIEVBMHY$FfmE 7((BOE 3FTJEVBM *NBHF/FU C:
JOHCMPDLTCZ)F FOBM <

SFDVSSFOU OFVSBM OFUXPSL

$// TPMWFT UIF TQBUJBM QSPCMFN PG JNBHFSZ BOE IBT CFF
DPNQVUFS WJTJPO CVUJUJT QPXFSMFTT GPS EBUB XJUI UJ
JUJT OFDFTTBSZ UP VOEFSTUBOE UIF XPSET TFRVFOUJBMM.
QSPDFTTJOH UBTLT "OE JO VOEFSTUBOEJOH WJEFPT JUJT
UJPOTIJQ CFUXFFO GSBNFT *OUIFTFUBTLT UIF SFDVSSFOU
UP QSPDFTTUIFUJNF TFSIJFT GFBUVSFT

+PSEBOG QSPQPTFE UIF +PSEBO OFUXPSL CZ JOUSPEVDJOH E
GFFET CBDLUIFPVUQVUPG UIF XIPMFOFUXPSLUPUIFJOQVL
JO &EMNBOGPSNBMMZ EFaOFEUIF SFDVSSFOU OFVSBM OFL
PVUQVU PG FBDI SFDVSSFOU IJEEFO MBZFS HPFT UP UIF TVC’
UIFJOQVU PG UIF MBZFS BGUFS B UJNF EFMBZ S5IF a3FPKTaHVS
UIFTUSVDUVSFPGUIFTINQMFTU SFDVSSFOU OFUXPSL XJUI |
EFOPUKE BDHE XIFSFUIFBSSPXTJOEJDBUFUIFbPX PG EBUB

5IF NJEEMF VOGPMEFE 3// aHVSF TIPXTUIF TFRVFOUJBM TUS
BOEPVUQVUTPGUIFOFUXPSLJO DISPOPMPHJIJDBMPSEFS 5IF
TUBUB TFSJFT PGEIFWBUIF NPEFM HFOFSBUFTYI'F RRFPWESM |
UIF NPEFM XJUI VOJEJSFDUJPOBM NFNPSZ IBT B MINJUBUJPC



UIFIJTUPSZEBUBBOEDBOOPUGPSFTFFUIFEBUBUIBUJT BCF
UXP XBZEFQFOEFODJFT TVDIBT OBUVSBM MBOHVBHF QSPDF
MBUJPOTIJQBTTPDJBUFE XJUIPUIFSTVSSPVOEJOH XPSET U
JTIJOUSPEVDFEBTTIPXOJOUIF SIJHIUaHVSFJO 'JHVSF

'JHVSF 3// VOGPMEFE VOJEJSFDUJPOBM 3//BOEVOGPM

J)PXFWFS )PDISFJUFS BOE 4DOWIBDIVEESYU UIBU TINQMF 3// U
LFFQ TIPSU UFSN NFNPSZ BOE JT QSPOF UP MPTF MPOH UFS
XFIHIUPGUIFOFUXPSLIJTTIBSFEBUBMMUJNFTUFQT BOE UII
BGUFS NVMUJQMFUJIJNFTUFQT QSPWFE CZ )PDISFJUFSrT BOE

9 q _ & a A o
—= @ o a O f2(net (t m)wi,,
ﬂJu(t) =1 Iy 1=1m=1 ! 1

JPDISFJUFS BOE 4DINJEIVC

&RVBUJPIOPXT UIBU UIF CBDL QSPQBHBUJPO HSBEJFOU JO T
QSPEVDU PG UIF HSBEJFOUT PG FBDI UJNF TUFQ BGUFS NVM
FYQMBOBUJPOJTUIBUUIFHSBEJFOUJT NBJOMZEPNJOBUFE
ulvtJuJT EJéEDVMU GPS UIFNPEFMUP MFBSO MPOH EJTUBOL

-POH TIPSU UFSN NFNPSZ -45. XBT QSPQPTFE UP TPMWF UII
3//DBOOPUMFBSO MPOH UFSNEFQFOEFODF CZ JOUSPIERA O
MPOH UFSNNFNPSZ "OEMBUFSPO (FST 4DINJDBIWSHEBVEXFE $\
HBUFT B GPSHFUHBUF UP DPOUSPM MPTTPSLFFQNFNPSZ J(
-45. DFMM TUSVDUVSF TIPXOJOUIFMFGU PG 'JHVSF

-45. JOUSPEVDFT MPUT PG UIJOHT JOUP 3// XIJDI MFBET UP B
NFUFST PG FBDI VOJU NBLJOH JUIBSEFS UP DSFBUF B NPEFN
SFDVSSFOU VOJU (36 JTBOJNQSPWFE -45. BMHPSJUIN@SPQ

*UNFSHFTUIFGPSHFUHBUFBOEUIFJOQVU HBUF JOUP B



'JHVSF -45. BOE (36 TUSVDUVSFDPNQBSJTPOCZ 1

CJOFTUIFDFMMTUBUFBOEUIFIJEEFO TUBUF "T(I6PDUCGYD U I
UVSFJT NVDITINQMFS UIBO -45. NBLJOHJUQPTTJCMFUPDS

-45. BOE (36 POMZ SFNFEZBOE BMMFWJBUF UIF QSPCMFN PG
FYUFOUJO 3// BOENFNPSZMPTTDBO TUJMM PDDVS JO UIF DE
.PTUINQPSUBOUMZ UIJT OFUXPSL TUSVDUVSF IBT POF MJN.
GPS NPCIMFBQQMJIJDBUJPOT 5IF FOGPSDFE TFRVFOUJBM DE
FODJFTPOUIFSFTVMUGSPNUIFQSFWJPVT UJNF XIJDI HSFE
PGDBMDVMBUJPOT UIVT NBLJOHJUJIJNQPTTJCMF UP BDIJFWE
EFWJDFT

"UUFOUJPO BOE 5SBOTGPSNEFS

SIF BUUFOUJPO NFDIBOJTN PSIJHJOBUFE GSPN UIF IVNBO FY(
FIJUIFS WJTVBMMZ PS BVEJCMZ *OUVJUIJWFMZ TQFBLJOH XI
TIJHIU XFEPOPUQBZBUUFOUJPOUPBMMUIFEFUBIJMT CVU Q
OFFETUPCFGPDVTFEBOEHIWJIOH MPXBUUFOUJPO UP UIF T\

SIFBUUFOUJPONFDIBOJTN XBTaSTUMZBEEFEUP SFDVSSFOU
UJPO NPEFMMJOH *O .0JI )FFPTQIBBRFFEB BMD¥Y¥SSFOU
NPEFM UIBU DPNCJOFE JEFBT JO 3// BOE UIF BUUFOUJPO NFCLC
UJPO BOE BDIJFWFE HPPE QFSGPSNBODF #FTJEFT UIF SFTF
GPSXBSE MPPLJOHDPODMVTJPOTUIBUJUDBOCFVTFEJOPC
BUJPOJO GVUVSF XPSLEVFUPUIFFODPVSBHJOH SFTVMUT B/

*O #BIEBOBV $IP B O B#FOHUIMPZ<IOUSPEVDFE UIFBUUFOUJ|



UIFOBUVSBM MBOHVBHF QSPDFTTJOH aFME *O UIFJS XPSL U
NFOU KPJOUMZ XJUI UIF BUUFOUJPO NFDIBOJTN PO NBDIJOF
VTFPGBaYFE MFOHUI WFDUPS JT B CPUUMFOFDL JO JNQSPYV
FODPEFS EFDPEFSBSDIJUFDUVSFt TBJECZ #BIEBOBV $IP B¢

'JHVSF 4DBMFE %PU 1SPEVDU
"UUFOUJPO <

'JHVSF S5IF 5SBOTGPSNFS NPEFM

UVSFx
'JHVSF .VMUJ )FBE "UUFO

UJP O><
OOF ZFBS BGUFS UIF BUUFOUJPO NFDIBOJTN XBT BQQMJIFE J(
7BTXBOJ FU>SBOISKQPTFE TDBMFE EPU QSPEVDUNBAMIFRIO IUFBFEOB |
UFOUJPO 'JHB/GE UIF 5SBOTGPSNFS NPEBEMBUIHVSSHFMZJIOH F(
POTFMG BUUFOUJPO UP DPNQVUF SFQSFTFOUBUJPOT PG JU
RVFODF BMJHOFE 3//TPSDPOWPMVUJPOt>TBIECCZF YETPSEINF €
XFSFQFSGPSNFEPOUIFNBDIJOFUSBOTMBUJPO UBTL VTJOH
BOEBDIJFWFECFUUFS QFSGPSNBODFBOESFTVMUT NBLJOH
QSFGFSSFETPMVUJPO GPS OBUVSBM MBOHVBHF QSPDFTTJO



, KT
Attention(Q,K,V) = softmax(%d:)v
k
7TBTXBOJ FWBM <

'JHVSFTIPXT UIF TDBMFE EPU QSPEVDU BUUFOUJPO NFDIBOJ
SFTFOU 2VFSZ ,FZBOE 7BMVF SFTQFDUJWPMZ UMSDBMID \GWE
QSPDFTT PG JUNBUIFNBUJDBMMZ *O UIJT GPSNVMB UIF EPL
NBUSJY SFQSFTFOUT UIFJS TINJMBSJUZ XIJDIJT OPSNBMJTI
TIPQGWPGIODF EPU QSPEVDUNBZHSPX MBSHF JONBHOJUVEF
UJPO GVODUJPO JOUP SFHIJPOT XIFSFJUIBT FYUSFNFMZ TNB
NBY BDUJWBUJPO JT OPSNBMJTFE QSPCBCJIJMJUJFT SFQSFTF
JO'JHVSF

'JHVSF .VMUJ IFBEBUUFOUJPO NBUSJY WJTVBM

5IF JEFB CFIJOE NVMUJ IFBE BUUFOUJPO JT BOBMPHPVT JO
$//UPIFMQUIF OFUXPSLDBQUVSF SJDIFS GFBUVSFTVC TQBL
'JHVSFIMMVTUSBUFT UIF TUSVDUVSF PG UIF NVMUJ IFBE BUL
BUJOQVUTBOENWUWRYUQVRTDBMFE EPU QSPEVDU BUUFOUJP
BOEBDPODBUFOBUJPO MBZFS UIBU DPNCJOFT UIF PVUQVUT
UJPO

5IFCVIJMEJOH CMPDL JO UIF 5SBOTGPSNFS DPOTJTUT POMZ |
GPSXBSE OFUXPSL BOE EPFT OPUDPOUBJO BOZ DPOWPMVUJ
CVIMEJOH CMPDLT BSF TUBDLFE JO NVMUJQMF MBZFST BOE
&ODPEFS %FDPEFS TUSVDUVSFUIBUJT UIF5SBOTGPSNFS NP

"OPUIFSEFUBJM XPSUINFOUJPOJOWI BQ UIF'JGBQEB DPOUFOU (
QPTJUJPO FODPEJOHCFDBVTFUIJTNPEFMJT OPUTFRVFOUJ
QPTJUJPOJOGPSNBUJPO *G UIFSFJTOPQPTJUJPOBMFODP|
BCMFUPDBQUVSF UIF PSEFS PG JOQVU TFRVFODF XIJDI EFF
NPEFMJO OBUVSBM MBOHVBHF QSPDFTTJOH UBTLT

81 JMF DPOWPMVUJPOBM OFVSBM OFUXPSL $// JT JO UIF BT
DPNQVUFS WJTJPO UIF 5SBOTGPSNFS NPEFM DPNQPTFE PG



BDIJFWFETUBUF PG UIF BSUSFTVMUT JO NBOZOBUVSBM MB

*O %FWMJO POWBMMISTIFE UIF #JEJSFDUJPOBM &ODPEFS
5SBOTGPSNFST #&35 NPEFM JOXIJDIUIF.BTL-BOHVBHF .PE
UFODF1SFEJDUJPO /41 UXPNFUIPETBSFVTFEJOUIFQSF U
GPSNFSTDBQUVSFUIFSFMBUJPOTIJQ CFUXFFO XPSETBOE T
NBOZ /-1 UBTLT GSPNUIJT NPEFM CFDBNF UIF NPTUJNQPSUB
BOFXFSBPG/-1J0

"TBSFTVMU UIF5SBOTGPSNFS NPEFM HSBEVBMMZ SFQMBDF
UIBUJOIFSFOUMZIBTTFRVFOUJBM DPNQVUJOHBOE MPOH UF
EFTIHODPODFQUT GSPNUIF5SBOTGPSNFS NPEFMBSFBMTP
OBUVSBM MBOHVBHF QSPDFTTJOH UP DPNQVUFS WJTJPO UFS

3FDFOU TUVEJFT BSF FYQMPSJC
UJPO PG 5SBOTGPSNFST BSDIJL
aFME PG DPNQVUFS WJTJPO SFD
%BUB FEDIJFOU JNBHF 5SBOTGP ¢
BOE4I1JGUFE XJOEPX 4XJO 5SBC
.BOZ SFTFBSDIFST IBWF USJFE L
UIFBUUFOUJPO NFDIBOJTN JO JI
BOE DPNQBSFE NPEFM EFTJHO®
VMUT XJUI XJEFMZ BEPQUFE $//
FMT TvDI BT 3FT/FU JMMVTUSB

)PXFWFS %BJ FY BRMIGUFE PV
UIBU UIF QFSGPSNBODF PG 5S
CBTFE WJTJPO NPEFMT TUJMM |
QBSFE XJUI TUBUF PG UIF BSU |
OFUXPSLT 5IFZ BMTP TIPXFE
HFOFSBMJTBUJPOJT XPSTF UIBC
OFUXPSLT CFDBVTF PG UIF MBD|
JOEVDUJWF CJBT JO UIF 5SBOTC
WJTJPO NPEFMT "TBSFTVMU U
'JHVSF $PNQBSF UIF BSBIZCSODEWPEPB UIBU NBSSJFE C
BFT/FU  BOE %FJ5 4>7)5 4 <BOEBUUFOUJPO MFBEJOH UIF C
EJSFDUJPO GSPN UIJTBUUFNQU



PCIMFEFWJIDFPQUJNJTBUJPO

"GUFSJOUSPEVDJOH UIFCBDLHSPVOE BOE EFUBIJMT PG TFWH
JOHUIF SFTFBSDIHPBMT NPCJMF EFWJIDF PQUJIJNJTBUJPO G|
UlJT SFTFBSDI 5P QSPUFDU VTFS QSJWBDZ CZ SVOOJOH NP/
XJUl MINJUFE DPNQVUJOH QPXFS NFBOT NPEFM BSDIJUFDU\
DPNOQMFYJUZOFFEUPCFPQUJINITFE *OUIJTTFDUJPO *XJMN
TFBSDIPGEFFQNPEFMT FTQFDJBMMZUIF$//BOE5S5SBOTGPSN

.PCIMFPQUINJTBUJPO PWFSWJFX

*OPSEFS UP SVOEFFQ MFBSOJOH NPEFMT PO NPCIJMF EFWJD
UIF UBSHFU QMBUGPSNOWPRPIRAOHBUFE UIF TVQQPSU PG UIF N
DIJUFDUVSF BOE NPCJMF PQFSBUJOH TZTUFN GPS EFFQ MFB
NPCIJMF EFFQ MFBSOJOH GSBNFXPSLT TVDIBT5FOTPSbPX -
FYQMBIJOFEUIFNPEFMDPNQSFTTIJPOUFDIOJRVFTTVDIBTBN
TPGUXBSF IBSEXBSFDP EFTJHO

*O $IFOFUBMPOEVDUFEBOJO EFQUITVSWFZPGUIFJNQP
BDDFMFSBUJPO UFDIOJRVFT PONPCIJMFEFWJDFT BOEDMBT
UuJPpO NPEFM EJTUJMMBUJPO OFUXPSL EFTIJHO TUSBUFHJFT
JOHBOE RVBOUJTBUJPO BSFUIFUXP UFDIOJRVFT GPS DPNQ S
TUPSBHF XIJMF NPEFM EJTUIJMMBUJPO OFUXPSL EFTJHO TU
JNQSPWIJOHUIFJOGFSFODFTQFFEPG NPEFM

*OEFUBJM QSVOJOHJT B DPNQSFTTJPO UFDIOJRVF UP USJN
UIFOBDIJFWF NPEFM TQBSTJUZ UP BMMPX DPNQSFTTJPO BME
BOE SFEVDF UIF TUPSBHF DPTU 51JT DPNQSFTTJPO UFDIOJ|
TQFFE JODSFBTF CFDBVTF TPNF VOOFDFTTBSZ SFTJEVBM Q
PUIFS NPEFM DPNQSFTTJPO UFDIOJRVFJT RVBOUJTBUJPO Ul
UIFNPEFM QBSBNFUFST FH VTF CJUbPBUJOTUFBE PG (
SJFEPVUJOUIF NPEFM EFQMPZNFOU BOE DPOWFSTJPO FWEFC
SIFTFUXPDPNQSFTTJPOUFDIOPMPHIJFTNBZCSJOHVODFSUB
TPUIFINQSPWFNFOUPG NPEFMDBMDVMBUJPO QFSGPSNBOL
MBUJPO BOE OFUXPSLEFTIJHO TUSBUFHJFT

5IFJEFB PG NPEFM EJTUJMMBUJPO JT EFSIJWFE GSPN USBOT
USBJOJOH QSPDFTT aSTU QSF USBJOJOH UIF NPEFM PO B M
UIFQSF USBJOJOH NPEFM PO BOPUIFS TNBMMFS EBUB TFU 5
TINIJMBS JEFBT UIBU USBOTGFS EBSL LOPXMFEHF GSPN UIF U
TUVEFOUOFUXPSL 5IFO UIFMBSHFUFBDIFSOFUXPSLJTDPO



SFUBJOJOHUIFQFSGPSNBODFDMPTFUPUIFUFBDIFS OFUXP ¢
WFSZ FEFDUJWF PQUJNJTBUJPOBOEIBT RVJUFB MPUPG TVD
UIF INQMFNFOUBUJPO JT NPSF DPNQMJDBUFE CFDBVTF USE
DBSFGVMMZ EFaOFEBDDPSEJOHUP EJEFSFOU NPEFMT

&WPMVUJIJPO GSPN .PCIJMF/FUUP &EDJFOU/FU

5|lFOFUXPSLPQUJIJNJTBUJPOTUSBUFHZGPS $//NPEFMTJTDPV
.PCIMF/FU BOE &éDJFOU/FU 5IJTTVCTFDUJPO XJMM JOUSPE
QSPQPTFECZFBDIWFSTJPO

JPXBSEFUBMSPQPTFEB MJHIUXFJHIUDPOWPMVUJPOBM OFV
CIMFEFWJDFT OBNFMZ .PCJMF/FU 5IFaSTUWFSTJPOPGUIF
DPOWPMVUJPOBM MBZFSFE BSDIJUFDUVSF MJLF 7(( CVU SFC
EFQUIXJTF TFQBSBCMF DPOWPMVUJPOT UP HSFBUMZ SFEVDF
MVUJPOT

'JHVSF WFQUIXJTF QPJOUXJTFBOEBBUSPVT DPOV

SIF EFQUIXJTF TFQBSBCMF DPOWPMVUJPO TQMJUT UIF TUBC
UJPOT EFQUIXJTF DPOWPMBUBRIXE QMHMBFXITF DPOWPMVUJP
C SFTQFDUJWFMZ *O EFYBNM-TPENVUMBDBMDVMBUJPO PG 1
UJPO BOEJUIBTUIFDPN®@Y WREW MNOBMDp PXIFIMEBONEEFOPUF
UIFOVNCFS PG JOQVU BOE BKWBQELED (BROJFFMTF EIJINFOTJIJPO PG
BOE GFBUVSF NBQT

Gyin= é. Kijmn Fk+i 1)+j 1m Gkim = é. Kijm Fkei 10+j 1m

1,],m I,

J JPXBSE FUBM < | JPXBSE FUBM <
'PSNVMBIPXTUIBUEFQUIXJTFDPOWPMVUJPOVTFTPOMZPOF
DIBOOFM BOEUIFSFJT POFUPPOF NBQ GSPN FBDIJOQVU DI
UIVT UIF DPNQVUBUDW OBMDB-TOJTS5IF QPJOUXJTF DPOWPMYV
TUBOEBSEDPOWPMVUJPAXIWIBESDODAFMGPHNB®PNCJOBUJPO

BMPOH UIFDIBOOFM EJSFDUJPO TPM IN D DO VAZBIURIIR Q B MIOP-



DPNQVUBUJPOBMDPTUGPSNVMBF UPUBM EFEVDUJP—,ipi—GPS Ef

1
2
Di

'JHVSF $PNQBSFSFTJEVBM CMPDLBOE3JOWFSUFE S

OOF ZFBS BGUFS UIF SFMFBTF PG UIF aSTU WFSTJP O RPGU.&IA |
VUFE UXP OFX JEFBT JO UIF TFDPOE WFSTJPO UP GVSUIFS P (
.PCIMF/FUNPEFM 5IFaSTUPOFJTUIFJOWFSUFE SFTJEVBM

C "TDPNQEBSFEJOUIFaHVSF UIFPSJHJOBM SFTJEVBME
B SFEVDF EJNFOTJPO aSTU BOE FYUSBDUJPO XJUI TUBOEB
SFTJEVBM EFTJHO UIF EJNFOTJPOJT JODSFBTFE aSTU BOE \
NJEEMF 5IF TFDPOEBMUFSOBUJPOJT VTJOH B MJOFBS CPUL
WFSUFE SFTJEVBM CVJMEJOH CMPDL UPBWPJE GFBUVSF JOG
FTQFDJBMMZ GPS 3FDUJaFE -JOFBS 60JU 3F-6 UIBUBMXBZT
OFVSPO XFJHIUT [FSP EFBE OFVSPO

*0O 5BOBOE>RSPQPTFE &éDJFOU/FUUIBUJOIFSJUFE UIFE
CIJMF/FU7 XJUI BTZTUFNBUJDBM NFUIPEPMPHZ UP TDBMF Vi
XJEUI BOE JOQVU SFTPMVUJPO UP PCUBJO CFUUFS CBMBOD|
'JHVSFIMMVTUSBUFTUIFBSDIJUFDUVSFPGUIFQSPQPTFE CI
S5IF OFUXPSLJT NBJOMZ DPNQPTFE PG NPCIJMF JOWFSUFE CPI
QSPQPTFEJO .PCIJMF/FU7 5IFSFTVMUTIPXT UIBU JU BDIJFV
PO*NBHF/FU XJUI .QBSBNFUFSTBOE # ' MPQT

‘JHVSF S5IFBSDIJUFDUVSFPGCBTFMIJOPOFUXPSL &

5XP ZFBSTBGUFS UIFEFCVU PG &éDJFQIFRP TFEOUBPEFBROE "
PG &éDJFOU/FUJO XIJDIIBTBTNBMMFS NPEFMBOE GBTUF
PG UIF BSUSFTVMUT PO *NBHF/FU



OQUJIJNJTBUJPO PG 5SBOTGPSNFS /FUXPSLT

S8VFUBM QPIJOUFEPVUUIBUFWFO UIPVHIS5SBOTGPSNFS CBT
UIF BSUSFTVMUTJO OBUVSBM MBOHVBHF QSPDFTTJOH UBTL
OJOHPONPCIMF EFWIJDFT CFDBVTFUIFTFMG BUUFOUJPO NI
TUPSBHF BOEDPNQVUBUJPO 5P UBDLMF QB PQEPHER BN JIBW B
GPSNFS NPEFM UIBU VTFT -POH 4IPSU 3BOHF "UUFOUJPO -4
TFMG BUUFOUJPO VTFE JO5SBOTGPSNFS

'JHVSFEJTQMBZTUIFTUSVDUVSF
QPTFE -POH 4IPSU3BOHF"UUFOU
HSPVQ PG IFBET NPEFMT UIF MP
XJul bPOWPMVUJPO XIJMF BOPU
DVTFTPOUIFMPOH EJTUBODF SF
GVMM BUUFOUJPO 5I1JT NFUIPE
BHF PG UIF DPOWPMVUJPO UIBU ¢
UVSJOH MPDBM GFBUVSFT XJUI T
SFTPVSDF SFRVIJSFE XIJMF VTJOF
NFDIBOJTN UIBU JT HPPE BU MP(
*U DPODMVEFT UIBU VTJOH TFEFMC
PWFSFNQIBTJTFT UIF MPDBM GFB
QPTTJCMF UP VTF BOPUIFS NPEF
JOSSBOTGPSNFS CBTFENPEFMT

'JHVSF -JUF 5SBOTGPSKFENUORMPDLIFUFST BORYEMIT K-E
-POHGPSNFSNPEFM BOPUIFSPQL

CBTFE NPEFM BMNPTU BU UIF TI
"QSIM X1JDI BMTP QPJOUFE PVU UIBU UIF TFMG BUUFOU
XIFOUBSHFUJOH MPOH TFRVFODFT EFQJDUFE JO 'JHVSF

'JHVSF ‘'VMM TFMG BUUFOUJPO BOEBUUFOUJPOXQBUUF:¢

*O GWMBMUFOUJPO UIFUJNFBOE TQBDF DPNQMFYJUZ BSF BM
UIF TFRVFODRK MFOBVTF UIF 2VFSJFT BU FBDI MPDBUJPO OFF
,FZT BU FBDI MPDBUJPO "O JEFB QSPQPTFE JO -POHGPSNFS
QBUUFSOTUPCVIJMEBTQBSTFBUUFOUJPONBUSJY SBUIFS UI



5IFaSTUNFUIPEJTUPVTFBaYFE TJ[F TMJEJOH XJOEPX UIBL
DBMDVMBUF MPDBM BUUEOUJIPOQUIJHXBE FBDI UPLFO POMZ C
BUUFOUJPO UPUIFUPLFOT XJUIJOW I''MTUMP E HO BBIKNOEP 8 N J OF
MPOH EJTUBODF BUUFOUJPO BCIJMJUZ JU HSFBUMZ SFEVDFT
Ow n)JOUFSNTPGDPNQVUBUJPODPNQMFYJUZ

SIFTFDPOE NFUIPEJT VTJOH B EJMBUFE TMDEJOM EXUOE® X J PJ
DSFBUF MBSHFS SFDFQUJWF aFME XIJDIJTBOBMPHPVTUP VI
UJPO 5IJTNFUIPEBMTPIBT DPNQWU B JP\OUDFPYNQBNOFEYTJWIA S F D
aFME TJ[FdURv XIF$SEFOPUFT UIF OVNCFS PG MBZFS@T G®SSBC
EJMBUJPO SBUF

SIFUIJSENFUIPEJT EFTIHOFE TQFDJaDBMMZ UP IBOEMF UBT
‘JHVSF E TvDI BT UFYU DMBTTJaDBUJPO BOE RVFTUJPO B
DMBTTJaDBUJ®LY UBTED B BEEFE UP UIFIFBE PG BMM UPLFO-
UJPO NBSL JOEJDBUJOH UIBU UIFUPLFO SFRVJSFT HMPCBM
UPLFOTJO UIFNBUSJY "OEJORVFTUJPOBOTXFSJOHUBTLT
DPODBUFOBUFE UPHFUIFS BOEJOQVUUP UIF NPEFM 5IFO NE
up DBMDVMBUFUIFHMPCBM BUUFOUJPO BOE aOE UIFBOTXF

*OBSFDFOUMZ QVCMJITIFEQBO¥SNEBESUBFEBINMFF QSFWJIPVTN
TUVEJFENFUIPETUPPQUINIJTFUIFFEDIFODZ IJHIFS QFSGPES
POS5SBOTGPSNFS CBTFENPEFMT XIJDIBSF

*NQSPWJOHUSBOTGPSNFST

B *NQSPWJOHUIFVTBHF PG TFMG BUUFOUJPO PO MPOH
QPTFECZ#FMUBHZ 1FUFSTBOE $PIBO <

C &YQMBJOJOH NVMUJ IFBEBUUFOUJPOBOEQPTTJCMF

D-FBSOJOH CFUUFS SFQSFTFOUBUJPOT FH VTJOH D
QSPQPTFE CZ8V¥fUBM <

.PEFM TDBMJOH BDPNNPO XBZUPJNQSPWF UIF QFSGPSN
*ODSFBTJOH EJNFOTJPOT JO XJEUI XJTF TDBMJOH BOE T
XJTFTDBMJOH XIJDIJTBOBMPHPVTUPUIFNPEFMTDBMJ

*NQSPWJOH TFRVFODF NPEFMT
B 6TIOHCFUUFSUPLFO MFWFM SFQSFTFOUBUJPO

C 6TIOHNPEFMDPNQSFTTJPO QSVOJOHBOEEJTUJMMB



SFMBUFE XPSLT

SIF QSFWJPVT UXP TFDUJPOT JOUSPEVDF UIF NPEFM CBDLCF
TFSIFTPGPQUINJTBUJPO NFUIPETUIBUDBO FOBCMF NPEFM
TFDUJPO XJMM NBJOMZ FYQMBJO UIF CBDLHSPVOE PG WJEFT
UBTLT BOE UXP EFFQ MFBSOJOH NPEFMT UIBUBSF NBJOMZ U|
$POWPMVUJPOBM/FVSBM /FUXPSLT % $// BOES5SBOTGPSNF

)VNBO BDUJPO SFDPHOJUJPO PWFSWJFX

7JEFP VOEFSTUBOEJOH MJLF OBUVSBM MBOHVBHF QSPDFTT.
IBTNBOZTIJNIJMBSUZQFT PG UBTL TP NRIPXEEIXQIYB OUHMFU DMBT
uBTLTJO OBUVSBM MBOHVBHF QSPDFTTJOH POFUZQFPGDM
JOHJTIVNBOBDUJPO SFDPHOJUJPO CBTFEPO TFRVFOUJBM (

SBTLUZQF /-1 UBTL 7JEFPVOEFSTUBOEJOH U

4FRVFODF MBIBSWMBGHIT QFFDI 1RP4ADUBPAMBKEFMMJIOH XJUI®
IBNFE &OUJUZ 3FDPEPRHBSENF QPTJUJRO
/&3

$MBTTJaDBUMBBAOFE PO TFOUJNFOUBVBE ROBBIFUIJPO FOWJS
PSUPQJD PSUPQJD

(FOFSBUJWHK B8BOTMBUJPO TVNNESFPTBBQROPO WJEFP T
2VFTUJPO "OTXFSJOBTBUJPO 2VFTUJPO "OT.
CBTFEPOWJEFPDPOUFYL

SBCMF $PNQBSJOHUBTLTJO /-1 BOE WJEFP VOEFF

#PUIWJEFP CBTFEEBUBTFUBOEUFYU CBTFEEBUBTFUIBWF
CSJOHTUIF TINJMBSJUZ PG UIFTF UB)YRXFBNFAD SN CEFEPIOBIBE WV
BMTP EJEFSFOU GSPN UIF UFYU BOE IBWF UIFJS DPNQMFYJU.!
< >SFWIJFXFEUIF XJEF SBOHF PG BQQMJDBUJPOT BOE DIBMM
SFDPHOJUJPO JO WJEFPT BT XFMM BT UIF EFFQ MFBSOJOH
ESFTT UIF DIBMMFOHFT OOF DIBMMFOHF JT UIBU WJEFPT B¢
GPSFYBNQMF TIJIOHMFPS NVMUJQMF WJFXQPJOUTBOE UIF N
GSBSFE TFRVFODF 3(# TFRVFODF EFQUIJNBHF TFRVFODF
"TGPSEFFQNPEFMT % $// DPNCJOBUJPOTPG $// BOE 3// XB
UIF5SBOTGPSNFS BSDIJUFDUVSF FNFSHFE

$POTIJEFSJOHUIBUNPTUNPCIMFQIPOFTDBQUVSFNPOPDVM
SFTFBSDIPOMZJOWFTUJHBUFUIJTWJEFP NPEBNNMWMZE FBB JHR
% $// BOE NPEFMTDPNCJOFE GSPN $// BOE 3//



% $// BOE 3//CBTFE NFUIPET

SIFTUBOEBSE UXP EJNFOTJPOBMDPOWPMVUJPO VTFT B UXP
DIBOOFM BOEPOMZUXP EJNFOTJPOBM GFBUVSF BEBWOFRKXHEY
NBOZ QSFWJPVT EJNFOTJPOBM DPOWPMVUJPOBM OFUXPSL
FWBOUBQQMJDBUJPOTPO TQBUJPUFNQPSBM GFBUVSFTJO W
% DPOWPMVUJPOBMLFSOFM aMUFSTBSFFYQBOEFEUP % BO
DIBOOFMT TINVMUBOFPVTMZ % $// JT XJEFMZ VTFE JO UBT
BHFTBUUIFTBNFUJNF TVDIBTNFEJDBMDPNQVUFE UPNPHSI
EBUB

'JHVSF % DPOWPMVUJPO BOE % DPOWPMVUJF

5lFFEJEFSFODFCFUXFFOUIFQSPQPTFE % DPOWPMVUJPO BOE
UJPOJTUIBUUIF % DPOWPMVUJPOVTFTXFJHIU TIBSJOHLFS(
% DPOWPMVUJPOBM LFSOFM aMUFST IBWF EJEFSFOU XFJHIU
DFOUDIBOOFMTJODPNQVUBUJPO

#BDL UP #BDDPVD*RBUWBWZ BQQMJIFE B DPNQPTFE BSDIJl
WPMVUJPO BOE 3//UP UIFIVNBO BDUJPO SFDPHOJUJPO UBTL
JT aSTUMZ VTFE GPS MFBSOJOH TQBUJPUFNQPSBM GFBUVSF
sUPDMBTTJGZ FBDI TFRVFODF DPOTJEFSJOH UIF UFNQPSBM
GPS FBDIUJNFTUFQt TBJE CZ #BYBIFPSHIIFBEFSDBMS KBMTP TQPL
GPSNBODFESBXCBDLPGUIF3//BOEXJMMJOWFTUJHBUF UIF C
NPEFMJO GVUVSF XPSL

OOF ZFBS BGUFS »>DDEB@M ~E B IVNBO BDUJPO SFDPHOJUJP
QVSFMZPGDPOWPMVUJIJPOBM PQFSBUJPOT 5IFQSFNBUVSFC
OPUVTF SFTJEVBM DPOOFDUJPOT XIJDI BSFWFSZ TINJMBS
JOH PG NVMUJQMF DPOWPMVUJPOBM MBZFST BOE QPPMJOH
EFTIHOFE GFBUVSFT PQUJDBM bPX aFMETJO NBOZ EJSFDUJI
UP FOEUSBJOBCMF OFUXPSL

"GUFS TFWFSBM ZFBST PG EFWFMRQREOOUFESNBREFVM BEMOWP M\
$ % UIBU BDIJFWFE UIF TUBUF PG UIF BSU JO WJEFP UBTLT
JOWPMWF UIF JOQVU PG BEEJUJPOBM IBOEDSBGUFE GFBUV



XFBLOFTTFT PG UIF % DPOWPMVUJPO 'PS FYBNQMF % $// 1
VMUT GSPN % JNBHFT TVDIBT *NBHF/FU "MTP UIF OFUXPS
X1IJDIJT QSPOFUP PWFS aUUJOHJO UIFDBTFPGVTJOHBO JO
JOH EBUB

5P PWFSDPNF UIF XFBLOFTTFT PG VTJOH $// PS 3//JOEJWJEVE
NBO < QSPQPTFE B 5XP 4USFBN OFUXPSL 5IF OFUXPSL DPO’
DVTFE PO FBDIJNBHF GSBNF BOE B UFNQPSBMbPX GPDVTFE F
#BTFEPOUIFJEFBPG VTIJOHUIF S5XP 4USFBN OFUXPSL 'FJDIL
< >QPJOUFEPVUUIBUUIFGVTIPO QSPDFTTJO UIF MBTU 4PG
DPOWPMVUJPO DBO QFSGFDUMZ GVTF UIF TQBUJPUFNQPSBM
FST

*O $BSSFJSB BOE ;I TFENBSOSXKXIFE UIF QSFWJPVT SFTFEBS
NFUIPET VTFEJO UIF aFME PG BDUJPO SFDPHOJUJPO XI1JDI J
UJPO OBNFMZ $POW/FU -45. $// 3// % $POW/FUT % $// BOE
OFUXPSL #BTFEPOUIFTFQSFWJPVTJEFBT *ObBUFE 5XP 4USES
QPTFEBOEBDIJFWFEHPPE SFTVMUT PO CPUI ). %# BOE 6%’

5SBOTGPSNFS CBTFE/FVSBM /FUXPSLT

(JSEIBS FUBBMSE®U JODPSQPSBUFE UIF 5SBOTGPSNFS BSDIJU
CBTFEBDUJPO SFDPHOJUJPO UBTLT BOE QSPQPTFE UIF 7JEF
JEFOUJGZBOE MPDBUF IVNBO BDUJPOT JO WJEFP EBUB TFUT
7TJEFP"DUJPO S5SBOTGPSNFSJTUIBYNOWIDTUBWFFPG UIF BSUN
*ObBUFE 5XP 4USFBN % $POW/FUT * % JTVTFEUPFYUSBDU C
UBSHFUUBTLPGUIJT NPEFMJT UP SFDPHOJTF BOE MPDBUF |
EFUFDUUIFQPTIJUJPOPGBMMQFPQMFIJOUIFWJEFPCVUBMTI
UIFOFUXPSLTUSVDUVSFIJTWFSZDPNQMJDBUFEBOEDBOOPU

'JHVSF 7JEFP "DUJPO 5SBOTGPSNFS AFUXPSL BSDI

*GUIFUBSHFUUBTLJTOPUUPNJY SFDPHOJTJOH BOE MPDBM.
NPEFM :0-0 UIF SFHIJPO QSPQPTBM OFUXPSL 31/ OFUXPSL V|



DBOCFSFNPWFE *OUIJT XBZ UIFQBSBEJHNBUJD BSDIJUFDL
aSTUMZBOEUIFOUFNQPSBM5SBOTGPSNFSJOTQJSFSFTFEBSI
VOEFSTUBOEJOH aFME

*O'FCSVBSZ IFINBSIQOBFWPBMTEFE UIF 7TIJEFP5SBOTGPSNFS /|
XI1IJDI'JOUVIUIWFMZ VTFT 5SBOTGPSNFS UP NPEFM MPOH SBC
GPSDMBTTJaDBUJPO UBTLT S5IFBSDIJUFDUVSFPGUIJT OFU.
*UaSTU VTFT UIF TQBUJBMfXF URPBLUGCBDWCEGPEUVSFT GSPN
QPTJUJPO FNCFEEJOH GSBREFUP EF VY OB/NCFESGFBUVSF WFDU
VTFTBGVMMZDPOOFDUFENVMUJ MBZFS QFSDFQUSPO .-1)F
VMUT

'JHVSF 7JEFP5SBOTGPSNFS/FUXPSLBSDIJUFD!

SIJTSFTFBSDIVTFE ,JOFUJDT BTUSBJOJOHBOEFWBMVBU.
QSPQPTFE NPEFM JO 1Z5PSDI GSBNFXPSL CBDPEP OBHDPBF G PHZ
VTFE B QPXFSGVM 7 (16 NBDIJOF GPS FYQFSJNFOU JO XI
NFNPSZ FOBCMJOHUIFNUP DPOEVDU FYQFSJNFOU PO UIF ME

"T GPS DPOUSJCVUJPO UIFZ QSPQPTFE B OPWFM NPEVMBS L
WIJEFPDMBTTJaDBUJPO UBTLUIBUJT NVDINPSFQFSGPSNBO
PVT NFUIPET 6OEFS UIJT NPEVMBS NPEFM UIFZBMTP FYQF.
TQBUJBM CBDLCPOFT 3FT/FUBOE 7JTJPO 5SBOTGPSNFS 7J!
UBCMF TIPXT UIBU UIF 3FT/FU $// CBTFE TDIFNF IBT MPXFS

1ZAMPX'BTU WJEFP VOEFSTUBOIEJOBIDMEREBKE? +2#QQF 2b2 "+?2faHQ



UIBO 7J5 CBTFE TDIFNF XIJDIJT EFOPUFE JO JOGFSFODF ('-(
CPOFCSJOHTBIJHIFS BDDVSBDZUP UIF NPEFM

.PEFM USBJQJWSBJIJOQMBIMJIE BRBIBBMN DO G F S ROPOF
SVOUIJNRPDITSVOUJNF ("-01T
NJOT NJOT

3 75/

3 75/

7J5 # 75/ MBEFS

735 # 75/ MBEZFST

SBCMF 7TJEFP5SBOTGPSNFS/FUXPSEFYQFSJIJNFOU

"MNPTUBUUIFTBNFUJNF JO .BSDI (PPHMF S QOVEIMIIFIFE'
7TJEFP 7JTIJPO 5SBOTGPSNFS 7J7J5 UIBU JT B QVSF USBOTC
DMBTTJaDBUJPO UBTLT S5TFP2SITUIRBEBFRIUFDUVSFEF PG UIF QS
XJUIPVU GBDUPSJTBUJPO XJUIUISFFNPEFM WBSJBOUT UIBU
PGUIFUSBOTGPSNFSFODPEFSJOTQBUJBMBOEUFNQPSBM E.

'JHVSF 7TJEFP 7JTJPO 5SBOTGPSNFS NPEFM BOE GBD

SIFTF SFTFBSDIFT PO 5SBOTGPSNFS CBTFE OFUXPSLT PO WJ!
SFGFSFODFTUPNZSFTFBSDI 'SPNIFSFPO SFWJFXJOH B WBS
NFBMPUBOEHJWFNFBDMFBSEJSFDUJPOGPSEFTJHOJOH P!
PG FYBNJOWJHJMBUJPO * OFFE UP DPNQMFUF UIF GPMMPX
OFYUEFTJHO TUBHF 5PEFTJHOUIFNPEFM XJUIBQQSPQSJBU
S5SBOTGPSNFS CBDLCPOF BOE UP PQUJNJTF UIF NPEFM TP UI
XJUIMINJUFEDPNQVUJOH QPXFS



FTJHO

"GUFSSFWJFXJOHSFMBUFEQSFWJPVTTUVEJFT UIJTDIBQUF
BOE SBUJPOBMFT GPS UIFTZTUFN EFTIJHO CFGPSFBDUVBM J
SFRVISFNFOUT

‘JSTUMZ UIFEFTIJHO PG UIF EBUB DPMMFDUJP O QISOHDMV E JIOH+
UIFEBUBUZQFUPCFDPMMFDUFE UIF MBCFMMJOHBQQSPBD
CFINQMFNFOUFEJOUIFEBUBDPMMFDUJPO BQQ

4FDPOEMZ JUJT OFDFTTBSZUP EFTJHO UIF EBUB BIFIRSFD F
JOHUPUIFBOPOZNJUZSFRVIJSFNFOUEFUBIJMFBEUOD S5BPBB &P
UIFEBUBUP NBLFJUTVJUBCMF GPS NPEFMJOQVU

51 JSEMZ UIFEFTIHOPGBEFFQNPEFMTVIJUBCMF GPS TPMWJ
EFUBJMFE JO TEBUBFEG®O UIF SFMBUFE QSFWJPVT SFTFBSDI |
EFFQNPEFMT

»BUB TFUDPMMFDUJPO

5P CVIMEB WJEFP EBUBTFU TVJUBCMF GPSSHMW T RBXHH B SHOG FB
FOHJOFFSJOHBOEDMBTTJD NBDIJOF MFBSOJOH NPEFMT CFC
FOHJOFFSJOH QSPDFTTJT EJSFDUMZ SFMBUFE UP UIF VOEFS
EBUBTFU *UIFMQT UP EFTIJHOUIFEBUBTFUDPMMFDUJPO TL
UVSF

SIFNBJOEJEDVMUZJOIVNBOBDUJPO SFDPHOJUJPOUBTLT MJ
TFUT *OEFUBJM JUJT EJEDVMUUP PCUBJO FOPVHIEBUB JO
JOHEFFQ MFBSOJOH NPEFMT FTQFDJBMMZ GPS B WIJEFP EBI
TFUT GPS WJEFP VOEFSTUBOEJOH FYJTU VOGPSUVOBUFMZ
'PS FYBNQMF UIF ,JOFUJDT EBUB TFU DPOUBJOT NBOZ MBCF
UIFTFBDUJPOTJTBTUVEFOUUBLJOHUIFFYBN S5IFSFGPSF U
EBUBTFU XIJDIMFBET UP UIFaSTUTUFQ JO NZ SFTFBSDI UP
DPOUBJOJOHEJEFSFOUBDUJPOTPG TUVEFOUTUBLJOHUIF F



SIFEFTIJHO PG UIF EBUBDPMMFDUJPO QSPDFTT IBT UXP BTQ
NFOUT GPS UIF WJEFP EBUB TFU BOE UIF PUIFSJT UP EFTJHC
UIFGVODUJPOBMJUJFT OFFEFEJOUIFDPMMFDUJPO BQQ BDLEL

3FRVIJSFNFOUT PG EBUB TFU

S5IF QVSQPTF PG DPOTUSVDUJOH B EBUB TFU JT UP USBJO B I
QSPCMFN *O UIF SFTFBSDI QSPCMFN UIF PO EFWJDF DBNFS
UIFJOQVU TP UIF GPSNBU BOE NPEBMJUZ SFRVJSFNFOUT GF
MBS 3(# WJEFP #FTJEFT DPOTJEFSJOH UIBU UIFBDUVBM VT
BOHMFT TP UIFEBUBTFUTIPVMEDPOUBJO NVMUJQMF BOHM
EBUBDPMMFDUJPO QSPDFTT NVMUJQMFBOHMFTBSF UIF GS

"OPUIFS BTQFDU JT UIF BQQSPQSJBUF WIJEFP MFOHUI JO UIF
DPOUBJO NVMUJQMF BDUJPOT UIBU TIPVME CF DMBTTJaFE J(
TIPSUWJEFP NBZ SFTVMU JO UPP GFX EBUB GFBUVSFT UP DM
QVCMIDWJEFPEBUBTFUT UIJTTUVEZEFTIJHOTUIFMFOHUIF
CF TFDPOET

'SPNNZFYQFSJFODFPGEPJOHDMBTTJaDBUJPOUBTLTJO NBL
JOFBDIDBUFHPSZTIPVMECFSPVHIMZCBMBODFE "OVOLOPX
EPFTOPUFYDFFEUIF PUIFSTDBO CFBEEFEUP UIFNVMUJ DM
BDUIJWIJUZCFZPOE FYBNJOBUJPO

#BTFE PO UIFBCPWF EJTDVTTIJPO UIFWJEFP EBUB DPMMFDU
NBSJTFEBTUIFGPMMPXJOHT

uS5IFEBUBTFUDPOUBJOT NPOPDVMBS 3(# WIJEFPTUBLFO G
UBSHFU FYBNJOFF

uS5IF MFOHUIPG FBDIWJEFPDMJQJO UIFEBUBTFUTIPVME
u&BDIWJEFP TIPVMECF MBCFMMFE XJUIBUBSHFUDBUFHP

u"OqvOLOPXOr bDBUFHPSZ TIPVME CF BEEFE 5IF UPUBM B
CFMMFEEBUBTIPVMECFMFTTUIBOPS FRVBM UP UIF UPU

uS5IFFEFDUJWFDBUFHPSJFTTIPVMEDPWFSBMMUIFBDUJW
EVSIJOHUIF FYBNJOBUJPO

uS5IFUPUBMBNPVOUPGWIJEFPTJOFBDIFEFDUIJWFDBUFHP
CFSPVHIMZCBMBODFE

"GUFS UIFEBUBTFU SFRVJSFNFOUTBSFEFUFSNJOFE UIF GV
DPMMFDUJPO "11 BSFBMTP DMBSJaFE 5IF EFTJHO CFGPSF E



BEPQUT UIF VTFS TUPSZ NFUIPE DPNNPOMZ VTFE JO UIF BHJI
DFTT

6TFS TUPSJFTBSFJOGPSNBM EFTDSJQUJPOT PG GFBUVSFTC
UVJUJWFMZ FYQMBJOT IPX WBSJPVT VTFST JOUFSBDU XJUI L
UFN GVODUJPOT 6TVBMMZ VTFS TUPSJET BSF GPSNFE JO OE
BNQMF

"TBRSPMPEEOBQBCCMDBISHFBTPO>

"QQFOEJBBCBAMITUT UIFLFZDPOUFOUT PG VTFS TUPSJFT J(

%»BUB QSFQSPDFTTJOH

"GUFS DPMMFDUJOH WJEFPT VQMPBEFE CZQBSUJDJQBOUT U
DFTTIOHJTUIFOFYUQSPDFTTPGBEKVTUJOHUIFEBUBUP NF
QSPDFTTJOHJUJOUPBOJOQVUGPSNBUTVIJUBCMFGPS UIF NF
GPSNBU EFaOFE JO 8FC35%$ WQEPPa®XEBWN RIOSIHF UZQFT PG WJET
BWBIJMBCMF JO EJEFSFOU CSPXTFSTv 71 ) BOE UIF MBU|
DPNQSFTTJPO .PTUPGUIFTF WIJEFP DPEFDT VTF MPTTZ DPN
USBOTNJUUFE EBUB FTQFDJBMMZ GPS POMJOF VTFDBTFT "
DIBOHF UIF WJEFP TMJHIUMZ UIF BMUFSBUJPO JT UPP TNBM|
QSFTTFEWJEFPJTWJTVBMMZ PSJHIJOBM S5IFSFGPSF UIFSF.
DPNQSFTTIJPO QSPHSFTT

5FDPNQSFTTJPO SFEVDFTUIFTJ[FPGUSBOTNJUUFE EBUB (
PWFSIFBEJO EFDPNQSFTTJPO *GUIFNPEFMEBUB MPBEFS EF
USBJOJOHQSPDFTT JUXJIJMMDPOTVNFMPUTPG $16 EVSJOH L
UJPO QSPDFTT "OPQUJINJTBUJPO NFUIPEJT EFDPEJOH UIF W
JOUIFEBUB QSFQSPDFTTJOH QSPDFTT UP SFEVDF UIFDPNQ\
QSPDFTT "OBOPOZNPVTBMHPSJUIN XIJMMCFBQQMJFE UP FE
QJDUVSF GPSNBU *O UIJT XBZ UIF EBUB MPBEFS POMZ OFFE
EVSIOHUIFUSBJOJOH QSPDFTT

"DDPSEJOH UP SFTFBSDI FUIJDT SFRVJSFNFOUT UIF EBUB Q
BOPOZNJTBUJPO BMHPSJUIN UP NJOJNJTF UIF QSFTFODF PG
UIFJEFOUJaDBUJPO PG BO JOEJWJEVBM 5IFBOPOZNJTBUJP
UIF GBDF DPNQMFUFMZ #FDBVTF UIF GBDJBM JOGPSNBUJPC
UIFNPEFMUPDMBTTJGZ BDUJWJUJFT TVDIBTUIFEJSFDUJP
TQFBLJOH FUD
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