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ABSTRACT

Theflasttdecadehaswfittnessedasurgeofffintteresttfinappflyfingdeep
flearnfingmodeflsffordfiscoverfingsequenttfiaflpatttternsffromaflarge
voflumeoffdatta.Recenttworksshowtthattdeepflearnfingmodeflscan
beffurttherfimprovedbyenfforcfingmodeflsttoflearnasmootthouttputt
dfisttrfibuttfionaroundeachdattapofintt.Thfiscanbeachfievedbyaug-
menttfingttrafinfingdattawfitthsflfighttpertturbattfionstthattaredesfigned
ttoaflttermodeflouttputts.Suchadversarfiaflttrafinfingapproacheshave
shownmuchsuccessfinfimprovfingtthegeneraflfizattfionperfformance
offdeepflearnfingmodeflsonsttattficdatta,e.g.,ttransacttfiondattaor
fimagedattacaptturedonasfingflesnapshott.However,whenappflfied
ttosequenttfiafldatta,tthesttandardadversarfiaflttrafinfingapproaches
cannottffuflflycaptturetthedfiscrfimfinattfivesttructtureoffasequence.Thfis
fisbecausereafl-worfldsequenttfiafldattaareoffttencoflflecttedoveraflong
perfiodoffttfimeandmayfincfludemuchfirreflevanttfinfformattfionttotthe
cflassfificattfionttask.Totthfisend,wedeveflopanovefladversarfiaflttrafin-
fingapproachfforsequenttfiafldattacflassfificattfionbyfinvesttfigattfingwhen
andhowttopertturbasequencefforaneffecttfivedattaaugmenttattfion.
Ffinaflfly,wedemonsttrattetthesuperfiorfittyoffttheproposedmetthod
overbaseflfinesfinadfiversfittyoffreafl-worfldsequenttfiafldattasetts.
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1 INTRODUCTION

Thesttudyoffsequenttfiafldattahasbecomefimporttanttnowadaysgfiven
ttheprevaflenceoffsequenttfiafldattafinmuflttfipfleappflficattfions,e.g.,se-
quenttfiafluserbehavfiormodeflfingfincommercfiaflappflficattfions[4,17],
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semanttficanaflysfisfinnatturaflflanguageprocessfing[6,36],andremotte
sensfingfforflandcoverdettecttfion[15,40].Consfiderttheanaflysfisoff
webbrowsfingdattafintthedomafinoffe-Commerce,whfichservesas
oneoffprfimarymottfivattfionsofftthfiswork.Effecttfiveanaflysfisofftthe
sequenttfiaflbrowsfinghfisttoryassfisttsfinbetttterpredficttfingpurchase
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(a)Pertturbattfionsoverttheenttfiresenttence

(b)Pertturbattfionswfitthattttenttfion

Ffigure1:IflflusttrattfivefigureoffashorttmovfierevfiewffromRott-
ttenTomattoes[34]wfitthadversarfiaflpertturbattfionsover(a)
ttheenttfiresenttence,versuson(b)ttheproposaflmodeflwfitth
dfiscrfimfinattfivewords“entterttafinfingmovfie".Darkerredde-
notteshfigherattttenttfionscore,andvficeversa.Parttficuflarfly,tthe
attttenttfionscoresofftthettwomosttdfiscrfimfinattfivewords“en-
tterttafinfing”and“movfie”are0.62and0.12,respecttfivefly. We
omfittcoflorfingtthewordswhosescoresaresmaflflertthan0.1.

Advancesfindeepflearnfingaflgorfitthmshaveprovfidedunreafl-
fizedpottenttfiaflfforcflassfiffyfingsequenttfiafldatta.Mosttfinnovattfions
comeffromtthedomafinoffnatturaflflanguageprocessfing,wheretthe
recurrenttneuraflnettworks(RNN)andConvofluttfionaflNeuraflNett-
works(CNN)-basedmodeflsareffrequenttflyusedfforavarfiettyoff
flearnfingttasks,suchasmachfinettransflattfion[25],senttfimenttcflassfifi-
cattfion[6,18],andquesttfionanswerfing[21,48].Gfiventthesuccess
offtthesettechnfiquesfinanaflyzfingsequenttfiafldatta,ttheyhavebeen
ffurttherappflfiedttoottherappflficattfions[4,9,15].Thepowerofftthese
deepflearnfingapproachessttemsffromtthefirabfiflfittyttomodeflun-
derflyfingdependencfiesbettweendattaattdfifferenttttfimestteps.These
dependencfiesacrossttfimecanprovfidettheconttexttfinfformattfiontthatt
enabflesflearnfingoffdfifferenttsequenttfiaflbehavfiorsevenfforttwo
fidenttficafldattapofinttsattasfingflettfimesttep.Themodeflfingoffttempo-
rafldependencfiescanaflsoffacfiflfittattettheexttracttfionofffinfformattfive
ffeatturerepresenttattfionffromttheenttfiresequence.
Recenttworkshaveshowntthattttheperfformanceoffdeepflearnfing

modeflscanbeffurttherfimprovedbyaugmenttfingdattawfitthdeflfiberatte
pertturbattfions[11,31].Thesepertturbattfionsareseflecttedttoadversefly
aflttertthemodeflouttputts(fi.e.,aflongttheanfisottropficdfirecttfion),and
ttheyarecommonflyrefferredttoasadversarfiaflpertturbattfions.The
flearnfingmodeflfistthenupdattedttosmootthttheouttputtdfisttrfibuttfion
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pertturbattfionandmodeflupdatte,tthfisdattaaugmenttattfionsttrattegy
canheflpflearnasmootthdfisttrfibuttfionaflongeverydfirecttfionaround
eachdattapofintt(fi.e.,anfisottropficaflflysmootthouttputtdfisttrfibuttfion).
Forexampfle,tthepopuflaradversarfiaflttrafinfing(AT)approach[11]
adopttsttheflfinear-approxfimattfionoffadversarfiaflpertturbattfionstto
updattemodeflparametterssuchtthatttthemodeflpredficttfionsarenott
easfiflyafltteredbytthepertturbattfions.Thfismetthodhasshowntto
successffuflflyfimprovetthegeneraflfizattfionperfformanceandtthemodefl
robusttnessagafinsttadversarfiaflpertturbattfions.
However,exfisttfingAT-basedapproachesmafinflyffocusonsttattfic

dattaanddonottttakefinttoaccountttthesttructturaflproperttyoffse-
quenttfiafldatta.Reafl-worfldsequenttfiafldattaareoffttencoflflecttedover
aflongperfiodoffttfimewhfifleonflyparttofftthesequencefiscrfittficafl
ttotthecflassfificattfion.Consfiderttheexampfleoffpurchasepredficttfion
ffromwebbrowsfingdatta.Auserdecfidesttobuyaproducttmosttfly
becausehe/shefisattttracttedbyseveraflreflevanttwebpagesttotthfis
producttwhfiflehe/shemayrandomflycflfickonmanyottherwebpages.
Hence,tthesefimporttanttttfimestteps(fi.e.,webpages)finsequenttfiafl
dattaconttafinmoredfiscrfimfinattfivefinfformattfionfforpurchasepredfic-
ttfion.Sfimfiflarfly,amovfierevfiewcanbeaflongsenttence,buttonfly
affewwordsfintthfissenttencecanreflectttthesenttfimentt.Consfider
tthesenttencefinFfig.1,tthewords“entterttafinfingmovfie"cancflearfly
reveafltthatttthfisfisaposfittfiverevfiew.PrfiorworkhasappflfiedAT
ttosequenttfiafldattabydfirecttflyfimposfingconventtfionafladversarfiafl
pertturbattfionsttottheenttfiresequence[30].However,asshownfin
Ffig.1(a),tthfisconventtfionaflATmetthodrepflacesmuflttfipflewords
tthattarenottreflevanttfforsenttfimentt.Hence,fittfisflessheflpffuflffordatta
augmenttattfionsfincetthesepertturbedposfittfionsarenottcrfittficaflffor
cflassfificattfion.
Todeveflopanadversarfiaflttrafinfingapproachfforsequenttfiafldatta,

weneedttoanswerspecfificaflflywhenandhowttopertturbtthese-
quence.Inparttficuflar,webufifldarobusttsequencecflassfificattfion
modeflfinttwosttages.TheenttfirefframeworkfisdepficttedfinFfig.2.
Ffirstt,ttheproposedmodeflconducttscflassfificattfionwfitthmoreempha-
sfisontthedfiscrfimfinattfiveperfiodsdettecttedbyanLSTM-Attttenttfion
modefl(seettwopaneflsfinFfig.2).Thesequenttfiaflpatttternswfitthfin
tthesedfiscrfimfinattfiveperfiodsaremorefinfluenttfiaflffortthecflassflabefl
tthantthosefinottherperfiods.Second,weproposeanattttenttfion-aware
ATmetthodsoasttofimprovettherobusttnessagafinsttpertturbattfions
ontthesedfiscrfimfinattfiveperfiods(seettheyeflflowandbfluearrowsand
tthedashedboxatttthebottttomoffFfig.2).Intthfisway,weaugmentt
ttrafinfingdattabyaddfingmorevarfiabfiflfittyttotthedfiscrfimfinattfivepe-
rfiod.AccordfingttoFfig.1(c),ttheproposedmetthodpertturbsmosttfly
ontthedfiscrfimfinattfiveparttoffasequencewhfifleaflsomafinttafinfingtthe
semanttficsofftthesenttence.Thfisfisequfivaflenttttoaugmenttfingtthe
ttrafinfingdattabyaddfinganottherttrafinfingsenttencewfitthdfifferentt
buttsfimfiflardfiscrfimfinattfivewordswhfiflemafinttafinfingttheorfigfinafl
meanfing.
Furtthermore,aneffecttfiveadversarfiaflttrafinfingrequfirestthatttthe

pertturbeddattaarepercepttuaflflysfimfiflarttoorfigfinafldattawhfifletthey
cansttfiflflaflttertthemodeflouttputt.Suchpercepttuaflsfimfiflarfittyfiscom-
monflydefinedbasedoncerttafinsttructturaflproperttyoffdatta.For
exampfle,adversarfiaflpertturbattfionsfinhand-wrfittttendfigfittsrecog-
nfittfionshoufldpreservetthesttructtureoffdfigfittsfintthefimage[38].
Sfimfiflarfly,tthepertturbattfionsttographdattashoufldpreservegraph
sttructturaflproperttyandnodeattttrfibuttes[49].Forsequenttfiafldatta,fitt
fisessenttfiaflttomafinttafinttheposfittfionoffdfiscrfimfinattfiveperfiodssfince

asuccessffuflcflassfifieraflwaysneedsttorefferttottheseperfiodsffor
finfformattfivepatttterns.Hence,wedefinetthepercepttuaflsfimfiflarfittyoff
sequenttfiafldattabasedonttheobttafinedattttenttfionwefighttsffromatttten-
ttfionmodefl,whfichreflecttttheposfittfionoffdfiscrfimfinattfiveperfiods.The
ffafiflurettopreservesuchpercepttuaflsfimfiflarfittyfisflfikeflyttoresuflttfina
drasttficchangeoffsequenttfiaflsttructtureandtthesemanttficmeanfingoff
datta,andtthuscannottbeusedfforeffecttfivedattaaugmenttattfion.
SfincetthepertturbattfionsusedfforATareaddedttomuflttfipflettfime

stteps,fittfisflfikeflytthatttthesepertturbattfionscanjofinttflybreaktthe
percepttuaflsfimfiflarfitty.Toaddresstthfisfissue,weproposettwoafl-
gorfitthms,SeflecttfiveFfifltterfing(SF)andConservattfiveAdversarfiafl
Trafinfing(CAT),ttoenfforcetthattaflflttheadversarfiaflsampflesusedffor
ttrafinfingcflassfificattfionmodeflpreservetthepercepttuaflsfimfiflarfitty.
Weevafluattettheproposedmetthodonreafl-worfldseqeunttfiafldattasetts

ffromtthreeedfifferenttdomafins-DfigfittaflMarkettfingdattasett,MovfieRe-
vfiewdattasettandRemotteSensfingdattasett.Ourresuflttsdemonsttratte
tthesuperfiorfittyoffourproposedmetthodovermuflttfipflebaseflfinesfin
eachdomafin.Weaflsoprovfideseveraflexampflesttofiflflusttrattetthe
eficacyoffttheproposedmetthod.
Ourconttrfibuttfionscanbesummarfizedasffoflflows:

•Weproposeanoveflapproachttoaugmenttsequenttfiafldatta
overtthedfiscrfimfinattfiveperfiods.Thfisttechnfiquecanbeap-
pflfiedttobotthflabefleddattaandunflabefleddatta.
•Durfingttheaugmenttattfionprocess,weproposettwoaflgo-
rfitthmsttoeffecttfiveflypreventtdrasttficchangeoffdfiscrfimfinattfive
sttructturewfitthfintthesequence.
•Ourfimpflementtattfionsfinreafl-worflddattasettsvaflfidattettheeff-
ffecttfivenessonaugmenttfingdattafforadfiversfittyoffdomafins,
fincfludfinge-Commerce,ttexttandremottesensfing.

2 METHOD

2.1 Preflfimfinarfies

2.1.1 Adversarfiaflttrafinfing.Adversarfiaflttrafinfing(AT)hasshown
ttobeabflettofimprovettheperfformanceoffsophfisttficattedmodeflsby
flearnfinganfisottropficaflflysmootthouttputtdfisttrfibuttfionaroundeach
ttrafinfingdattapofintt.TheATapproachfinttroducesareguflarfizertto
updattemodeflparametterssuchtthattmodeflouttputtscannottbeeas-
fiflyafltteredbyadversarfiaflpertturbattfions.Adversarfiaflpertturbattfions
areoffttenfinsttanttfiattedasanexttranofiseraddedttotthefinputtdatta
x.GfivenfinputtffeatturesxffromflabefleddattaXflandcorrespond-
fingttrafinfingflabeflsy,tthenofiseffacttorrfisseflecttedwfitthfinasmaflfl
rangeϵsuchtthatttthettrafinfingflossL(x+r,y;θ)fismaxfimfizedafftter
tthepertturbattfion.Tofimprovetthemodeflrobusttnessagafinsttsuch
pertturbattfions,ttheATapproachupdattesmodeflparamettersθtto
reducettrafinfingflossevenafftteradverseflypertturbfingtthedatta.More
fformaflfly,tthfiscanbeexpressedasamfin-maxprobflemasffoflflows:

mfin
θ
L(x,y;θ)+λL(x+radv,y;θ),

radv=argmaxr,||r||<ϵL(x+r,y;θ),
(1)

whereλfisahyper-parametterttoconttrofltthebaflancebettweentthe
sttandardttrafinfingflossandttheadversarfiaflttrafinfingfloss.
AssumfingL2normconsttrafinttfisadopttedfinEq.1,prevfiousre-

search[11]computtesrbyasfingfle-sttepflfinearapproxfimattfion,as:

radv=ϵ
∇xL(x,y;θ)

||∇xL(x,y;θ)||
.
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Ffigure2:Theflowoffttheproposedflearnfingfframework.Thefinputtsequenttfiafldatta(x1,...xT)andpertturbeddatta(̃x1,...̃xT)are
cflassfifiedusfingLSTM-Attttenttfionnettworks.Theadversarfiaflpertturbattfions(r1,...,rT)areproducedbasedonttheflossoffAT/VAT
andttheflossofftthepercepttuaflsfimfiflarfitty.TheproposedmetthodSFandCATesttfimattettheflossoffpercepttuaflsfimfiflarfittyusfing
ttheorfigfinaflattttenttfionwefightts(α1,...,αT)andttheattttenttfionwefighttsafftterpertturbattfion(α1

adv
,...,αT

adv
).

ThfissttandardATmetthodcanonflybeappflfiedttoflabefleddatta.
Toovercometthfisflfimfittattfion,VfirttuaflAdversarfiaflTrafinfing(VAT)
approach[31]fisproposed,whfichfisanunsupervfisedexttensfionoff
AT.VATcomputtesttheadversarfiaflpertturbattfionsusfingtthepredfictted
flabeflsp(̂y|x;θ)finstteadoffttheground-ttrutthflabeflsy.Thenfittmea-
suresttheKuflflback-Lefibfler(KL)dfivergencebettweentthepredfictted
flabeflsbefforeandafftterpertturbfingdatta.VATcanbeappflfiedover
botthflabefleddattaXflandunflabefleddattXu,asffoflflows:

mfin
θ
L(x,y;θ)+λvatt

1

Nfl+NuXfl Xu

KL[p(̂y|x;θc)||p(̂y|x+rvatt;θ)],

rvatt=argmaxr,||r||≤ϵKL[p(̂y|x;θc)||p(̂y|x+r;θ)],

(3)
whereNflandNurepresentttthenumberoffflabefledsampflesand
unflabefledsampfles,respecttfivefly.Weuseθcttorepresentttthefixed
modeflparamettersfintthecurrenttfitterattfion,whficharenottfinvoflved
fintthemodeflupdatte.

2.1.2 LSTM-Attenttfionmodefl.TheLSTM-Attttenttfionmodefl[25,45]
afimsttodettecttdfiscrfimfinattfiveperfiodsffromasequenceandflearnrep-
resenttattfivettemporaflpatttternsfforcflassfificattfion.Gfivenasequence
offfinputt{x1,x2,...xT},wherextt∈RD,ttheLSTMmodeflgenerattes
hfiddenrepresenttattfionshtt∈RHatteveryttfimesttep.Thehfidden
representtattfionsattdfifferenttttfimesttepsaretthencombfinedbytthe
attttenttfionmodeflvfiawefighttedsummattfionffortthefinaflcflassfificattfion.
WenowbrfieflyfinttroducettheLSTMmodeflandttheattttenttfionmodefl.
Inessence,ttheLSTMmodefldefinesattransfittfionreflattfionshfip

fforhfiddenrepresenttattfionhtttthroughLSTMceflfls.EachLSTMceflfl
conttafinsaceflflsttattectt,whfichservesasamemoryandaflflowstthe
hfiddenunfittshttttoreservefinfformattfionffromtthepastt.Thettransfittfion
offceflflsttatteoverttfimefformsamemoryflow,whfichenabflestthe
modeflfingoffflong-ttermdependencfies.Specfificaflfly,ttheLSTMfirstt
generattesacandfidatteceflflsttattec̃ttbycombfinfingxttandhtt−1finttoa
ttanh(·)ffuncttfion,asffoflflows:

c̃tt=ttanh(Wchh
tt−1+Wcxx

tt). (4)

whereWc
h
∈RH×HandWcx∈R

H×Darewefighttparamettersused
ttogenerattecandfidatteceflflsttatte.Herefinafftterweomfitttthebfiastterms
asttheycanbeabsorbedfinttowefighttmattrfices.
Thenafforgettgatteflayerfftt∈RHandanfinputtgatteflayerдtt∈

RHaregenerattedusfingsfigmofidffuncttfions:

fftt=σ(W
ff
h
htt−1+W

ff
xx
tt),

дtt=σ(W
д
h
htt−1+W

д
xx
tt),

(5)

where{W
ff
h
∈RH×H,W

ff
x ∈R

H×D}and{W
д
h
∈RH×H,W

д
x ∈

RH×D}denottettwosettsoffwefighttparamettersfforgenerattfingfforgett
gatteflayerffttandfinputtgatteflayerдtt,respecttfivefly.Thefforgettgatte
flayerfisusedttofiflttertthefinfformattfionfinherfittedffromctt−1,andtthe
finputtgatteflayerfisusedttofiflttertthecandfidatteceflflsttatteattttfimettby
enttry-wfiseproductt⊗.Intthfiswayweobttafintthenewceflflsttattectt

asffoflflows:

ctt=fftt⊗ctt−1+дtt⊗c̃tt. (6)

Thenwegenerattetthehfiddenrepresenttattfionhttbyfifltterfingtthe
obttafinedceflflsttatteusfinganouttputtgatteflayerott,as:

ott=σ(Wohh
tt−1+Woxx

tt),

htt=ott⊗ttanh(ctt),
(7)

whereWo
h
∈RH×HandWox∈R

H×Daretthewefighttparametters
usedttogenerattetthehfiddengatteflayer.
Afftterobttafinfingtthehfiddenrepresenttattfions{h1,...,hT}ffrom

LSTM,weuttfiflfizettheattttenttfionmodeflttodettermfinetthedfiscrfimfina-
ttfiveperfiodffromtthesequenttfiafldatta.Theattttenttfionmodeflafimstto
enfforcetthecflassfifierttoattttendttodfifferenttttfimesttepswfitthdfiffer-
enttattttenttfionwefightts.Thehfigherattttenttfionwefighttattattfimesttep
findficattesmoreexpressfivedfiscrfimfinattfiveknowfledgeatttthfisttfime
sttep.
Specfificaflfly,wemeasurettheattttenttfionwefighttfforttfimettaccord-

fingttotthesfimfiflarfittybettweenfittshfiddenrepresenttattfionhttanda
sequenceembeddfingv∈RH.Herev
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ttheenttfiresequence,whfichhastthesamedfimensfionaflfittywfitthtthe
hfiddenrepresenttattfion,andfisjofinttflyflearneddurfingtthettrafinfing
process[16,45].Intthesfimpflesttcase,wecanembedx1:Tfinttov
usfinganottherLSTM.
Morefformaflfly,ttheattttenttfionwefighttfforttfimesttepttfiscomputted

astthefinner-producttbettweenvandhtt.Tonormaflfizeattttenttfion
wefighttsoveraflfltthettfimestteps,weappflyasoffttmaxffuncttfionontthe
finner-productt,asffoflflows:

αtt=soffttmax(v·htt). (8)

Thenweaggregattehttffromaflfltthettfimesttepsbasedonαtt,and
appflyasoffttmaxffuncttfionttocomputtepredficttedouttputt:

ŷ=soffttmax(Wy
tt

αtthtt), (9)

whereWy∈R
C×Hdenottesttheparamettersttottransfformaggregatted

hfiddenrepresenttattfionttottheouttputt.
GfiventtheflabefleddattaXfl,wettrafinttheLSTM-Attttenttfionnettworks

bymfinfimfizfingtthecross-enttropyttrafinfingfloss,as:

Latttt=−
1

Nflfi∈Xfl k
yfi,kfloĝyfi,k, (10)

wherettheprovfidedflabeflyfisexpressedfinaone-hottrepresenttattfion

whereyfi,k=1fifftthefi
tthsampfleffromtthesourcedomafinbeflongs

ttotthecflassk,ffork=1ttoC.

2.2 AdversarfiaflTrafinfingfforSequenttfiaflDatta

Wefirsttdescrfibettheproposedmetthodfforaugmenttfingdattaontthe
dfiscrfimfinattfiveperfiod,fi.e.,when.Thenweproposettwoaflgorfitthms
ttopreservepercepttuaflsfimfiflarfittyoffsequenttfiafldatta,fi.e.,how.

2.2.1 Attenttfion-awareadversarfiaflttrafinfing.Whenappflfiedttose-
quenttfiafldatta,tthesttandardATapproachsfimuflttaneousflypertturbs
aflfltthettfimestteps.Suchaugmenttattfionsttrattegyfisflesseffecttfiveffor
sequenttfiafldattabecausetthepertturbattfionsareveryflfikeflyttobe
dfisttrfibuttedovernon-finfformattfiveperfiods.
Intthfiswork,weuttfiflfizettheLSTM-Attttenttfionnettworksttodettectt

tthedfiscrfimfinattfiveperfiod.Inttufittfivefly,ttheattttenttfionwefighttsfindficatte
ttheparttoffsequencetthattfismosttcrfittficaflffortthecflassfificattfion.Then
weaddadversarfiaflpertturbattfionsttoenrfichttrafinfingdattawfitthmore
varfiabfiflfittywfitthfintthedettectteddfiscrfimfinattfiveperfiod.Affttersuch
augmenttedttrafinfing,weanttficfipattettheflearnedmodeflttoberobustt
agafinsttanysflfighttpertturbattfionsttotthedfiscrfimfinattfivepatttternsfin
tthesequence.
Specfificaflfly,gfiventtheattttenttfionwefighttsflearnedffromttheLSTM-

Attttenttfionnettworks,weaflflowaflargermagnfittudefforadversarfiafl
pertturbattfionsonmoredfiscrfimfinattfiveperfiod.Themodeflfistthen
updattedttopreventtsuchpertturbattfions,evenseflecttedaflongtthe
anfisottropficdfirecttfions,ttoaflttertthecflassfificattfionouttputts.
Thefinaflttrafinfingflossffuncttfioncombfinestthesttandardsupervfised

flossandttheadversarfiaflflossoffaugmenttedsampfles,whfichfissfimfiflar
ttoEq.1.Iffweconcattenattetthepertturbattfionsonaflfltthettfimestteps,
fi.e.,r=[r1,r2,...,rT],ttheproposedapproachcanbesummarfized
asffoflflows:

mfin
θ
Latttt(x,y;θ)+λLatttt(x+radv,y;θ)

radv=argmaxrLatttt(x+r,y;θ),

s.tt.||rtt||<αttϵ,ffortt=1ttoT.

(11)

Fromttheaboveequattfion,wecanobservetthattttheaflflowedper-
tturbattfionradfiusfisflargerffortthettfimesttepswfitthhfigherattttenttfion
wefightts.Ittfisnottewortthytthattattttenttfionwefighttsareusedfforbotth
dattaaugmenttattfionandcflassfificattfion.Hence,tthedattaareaug-
menttedovertthettfimeperfiodstthattseamflessflyfitttthecflassfificattfion
process.
Thfismetthodcanaflsobeexttendedttounflabefleddatta.Sfincetthe

flearnfingmodeflcanauttomattficaflflydettectttthedfiscrfimfinattfivepe-
rfiodwfitthouttrequfirfingttrafinfingflabefls,wecanaddVAT-basedper-
tturbattfionsovertthedettectteddfiscrfimfinattfiveperfiod,fi.e.,||rttvatt||<

αttϵ.ThenwereguflarfizettheKL-dfivergencebettweenp(̂y|x;θc)and
p(y|x+rvatt;θ).

2.2.2 Percepttuaflsfimfiflarfitty.Theadversarfiaflpertturbattfionsafimtto
modfiffytthefinputtdattawfitthunnottficeabflechangessuchtthatttthe
pertturbeddattacannottbeeasfiflydfifferenttfiattedffromorfigfinafldattaby
humanbuttgettmfiscflassfifiedbyttheflearnfingmodefl.Hence,tthese
pertturbattfionsshoufldpreservecerttafinfimporttanttsttructturaflproper-
ttfiesoffdatta(e.g.,tthesttructtureoffhandwrfittttendfigfitts[38]ffordfigfitts
recognfittfion)whfiflepursufingtthedfirecttfionstthattgreattflyfimpactttthe
predficttfions.Ifftthepertturbeddattameetttthfissttandard,wecflafimtthatt
tthepertturbeddattapreservetthepercepttuaflsfimfiflarfittywfitthorfigfinafl
datta.
Forsequenttfiafldatta,weexpectttthattttheposfittfionoffdfiscrfimfina-

ttfiveperfiodsfintthesequenceshoufldbemafinttafinedafftterappflyfing
pertturbattfions.Ifftthettfimesttepswfitthfintthedfiscrfimfinattfiveperfiod
becomeflessfimporttanttafftterpertturbattfions,fittfishfighflyflfikeflytthatt
tthesttructtureoffenttfiresequencevarfiesdrasttficaflflysuchtthatttthe
dfiscrfimfinattfivepatttternsoffttheorfigfinaflcflasscannottbereflectted.
Sfinceweaddadversarfiaflpertturbattfionsttomuflttfipflettfimestteps,fittfis

possfibfletthatttthesepertturbattfionsjofinttflyresuflttfinaseverefimpactttto
tthedfiscrfimfinattfivesequenttfiaflpatttterns.Toaddresstthfisprobflemand
mafinttafintthepercepttuaflsfimfiflarfitty,weproposettwoapproaches,Se-
flecttfiveFfifltterfing(SF)andConservattfiveAdversarfiaflTrafinfing(CAT).
Thesemetthodsuttfiflfizettheobttafinedattttenttfionwefighttsttomeasure
ttheposfittfionoffdfiscrfimfinattfivettfimestteps.Toseflecttproperpertturba-
ttfions,ttheyafimttoconttrofltthevarfiattfionoffattttenttfionwefighttsafftter
adversarfiaflpertturbattfions.Wenowdescrfibetthesettwoapproaches
asffoflflows:

SeflecttfiveFfifltterfing(SF):Ineachfitterattfion,wefirsttgeneratteaflfltthe
adversarfiaflpertturbattfionsfforeverysampflexbymaxfimfizfingtthe
flossffuncttfionLatttt(x+r,y;θ).Thenweremoveadversarfiaflsampfles
tthattfleadttoflargevarfiattfionoffattttenttfionwefightts.Specfificaflfly,we
computteR= ttα

ttflogαtt
adv
fforeachsampfle,whereαandαadv

denottettheobttafinedattttenttfionwefighttsbefforeandafftterweappfly
adversarfiaflpertturbattfions,respecttfivefly.AflargevaflueoffRfindficattes
tthatttthepertturbedsequencehasfittsattttenttfionwefighttsαadvsfimfiflar
ttottheattttenttfionwefighttsαofforfigfinaflsequence.Then,weseflectttthe
adversarfiaflsampfleswfitthttopK%offRvafluesfforadversarfiaflttrafinfing
andfifltterouttttheremafinfingadversarfiaflsampflestthattcanpottenttfiaflfly
breaktthepercepttuaflsfimfiflarfitty.Iffwerepresenttttheseflecttedsampfles
asXsff,tthettrafinfingobjecttfivecanberewrfittttenas:

mfin
θ
Latttt(x,y;θ)+λsffLsff(x+radv,y;θ),

Lsff(x+radv,y;θ)=−
1

|Xsff|fi∈Xsff k
yfi,kfloĝyfi,k
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ConservattfiveAdversarfiaflTrafinfing(CAT):Ratthertthanfifltterfingaflfl
tthegenerattedpertturbattfionsbyttheSFapproach,anafltternattfiveso-
fluttfionfisttoseflecttpertturbattfionsfinamoreconservattfivewaysuch
tthatttthegenerattedpertturbattfionsradvcanaflreadymafinttafinttheper-
cepttuaflsfimfiflarfitty.Formaflfly,wefirsttdefineaflossffortthevarfiattfion
offattttenttfionwefighttsaccordfingttoR.Then,weseflecttttheadversarfiafl
pertturbattfionswhfichmaxfimfizettheadversarfiaflflosswhfiflemfinfimfiz-
fingtthevarfiattfionoffattttenttfionwefightts,asffoflflows:

radv=argmaxrLatttt(x+r,y;θ)+γ
tt

αttflogαttadv,

s.tt.||rtt||<αttϵ,ffortt=1ttoT,

(13)

whereγfisahyper-parametterttobaflancebettweenmaxfimfizfingtthe
ttrafinfingflossandmafinttafinfingpercepttuaflsfimfiflarfitty.Theobttafined
pertturbattfionsradvaretthenusedfforadversarfiaflttrafinfing.

3 EXPERIMENT

Intthfissecttfion,weevafluattettheproposedmetthodontthreereafl-
worflddattasettsffromdfifferenttdomafins.Webegfinbydescrfibfingtthese
dattasetts.Thenwepresenttourresuflttsanddfiscussfionperttafinfingtto
ttheeficacyoffttheproposedfframeworkoneachdattasettseparattefly.

3.1 Dattasettdescrfipttfion

DfigfittaflMarkettfingDattasett:ThfisdattasettfiscoflflecttedffromAdobe.com,
andconttafinswebbrowsfingrecordsffordfifferenttusers.Ourgoaflfis
ttopredficttwhetthereachuserfinaflflypurchasesaproductt.Inttottafl
tthereare54,155sequencesfintthedattasettand3,388offtthemfinaflfly
fleadttoaconversfion(fi.e.,apurchasebehavfior).Suchdattaskewness
canbrfingdfificuflttfiesfforeffecttfiveflyttrafinfingmanyconventtfionafl
flearnfingmodefls.Themaxfimumflengtthoffsequencefintthfisdattasett
fis732andttheaverageflengtthfis29.

MovfieRevfiewDattasett:Thfisdattasett[34]consfisttsoffshorttmovfie
revfiewsffromRottttenTomattoesfforsenttfimenttcflassfificattfion.There
arettottaflfly10,662shorttmovfierevfiews.5,331revfiewsareposfittfive
andttheotther5,331revfiewsarenegattfive.Themaxfimumflengtthoff
revfiewsfis53andttheaverageflengtthfis20.

RemotteSensfingDattasett:ThfisdattasettfisasubsettoffMODISMOD09A1
muflttfi-specttrafldattaproductt[1]coflflecttedbyMODISfinsttrumentts
onboardNASA’sTerrasatteflflfittes.Ittprovfidesgflobafldattafforevery8
daysatt500mspattfiaflresofluttfion.Atteachdatte,MODISdattasettpro-
vfidesreflecttancevaflueson7specttraflbandsfforeveryflocattfion.Here
weuseMODISproducttsfincefittprovfidesbetttterttemporaflcoverage
ffordfiscoverfingsequenttfiaflpatttterns.Forottherhfigher-resofluttfion
datta(e.g.,LandsattandSenttfinefl),ttheyareavafiflabflemuchflessffre-
quenttflyandoverhaflffofftthefimagesarebflockedbycflouds.Tobetttter
capttureshortt-ttermpatttterns,weconcattenattespecttraflffeatturesfinev-
ery32-dayswfindowasattfimesttepandsflfidetthewfindowby8days.
Tottaflflywehave43ttfimesttepsfinayear,andttheffeatturedfimensfion
fis7×4=28.Ourobjecttfivefisttosttudyttemporaflgrowtthpatttterns
ttodfisttfingufishbettweencornandsoybeanfin2016finsoutthwesttern
Mfinnesotta.Cornandsoybeanaremajorcropttypestthattttakeover
90%cropflandareafintthfisregfion.Inttottaflwesttudy25,139sequences
ffromdfifferenttflocattfions,finwhfich11,911flocattfionscorrespondtto
cornand13,228flocattfionscorrespondttosoybean.Theground-ttrutth
flabeflsarecreattedbycombfinfinggroundsurveyandUSDAcropdatta
flayer[3].

Foreachdattasett,weuttfiflfize50%dattafforttrafinfingandttheremafin-
fingfforttesttfing.BesfidesttheAT-basedapproachffortthesupervfised
flearnfingttask,weaflsoexttendfittttotthettransducttfivesemfi-supervfised
flearnfingscenarfiowhereweappflyVAT-basedreguflarfizattfionffortthe
unflabefledttesttdatta.Inttheffoflflowfingwepresenttttheresuflttsoneach
dattasettseparattefly.Theseflecttfionoffhyper-paramettersfisdfiscussed
separatteflyfforeachdattasettfinttheffoflflowfingsecttfions.

3.2 EvafluattfiononttheDfigfittaflMarkettfing
Dattasett

Sfinceeachwebbrowsfingrecordfisadfiscrettefindexoffwebpage,we
firsttembedtthesedfiscrettebehavfiorsfinttoreafl-vafluedvecttors.Specfiff-
ficaflfly,byttreattfingeachbrowsedwebpageasa“word"andeachse-
quenceoffbrowsfingrecordsasa“senttence",weembedeachbrowsed
webpagefinttoa120-dfimensfionvecttorusfingttheWord2Vec[29]
ttechnfique.Thenwefine-ttunettheembeddfingsfintthecflassfificattfion
process.Theadversarfiaflpertturbattfionsaredfirecttflyappflfiedttotthese
conttfinuousembeddfings.wesetttthedfimensfionoffhfiddenrepresen-
ttattfionfinttheLSTM-Attttenttfionmodeflttobe70.TheλfinEq.11fissett
tto1.0.InSF,weuse80%adversarfiaflsampflesfineachfitterattfion.In
CAT,γfissettas0.2.
Sfincetthfisdattasettfisfimbaflanced,wemeasurettheperfformancefin

ttermsoffttheAreaUnderCurve(AUC)score(seeTabfle1).Wecom-
pareagafinsttvarfianttsoffourproposedmetthodasweflflastthesttatte-off-
tthe-arttsequencecflassfificattfionmetthodTemporaflAttttenttfion-Gatted
Modefl(TAGM)[36].Thereaflsoexfisttottherworksfine-Commerce
tthattcflassfiffysequenttfiafldattausfingsfimfiflarttechnfiquesttottheLSTM-
Attttenttfionmodefl[33].ThemetthodLSTM+ATcorrespondsttotthe
metthodfinttheprfiorwork[30].Asweafimttofimprovetthesequen-
ttfiaflcflassfificattfionperfformancetthroughdattaaugmenttattfionbyAT,
ttheworks[7,8,19,37]ondesfignfingordeffendfingagafinsttspecfific
attttacksareouttoffourscope.Weruneachmetthodfivettfimeswfitth
randomfinfittfiaflfizattfionandreportttthemeanandsttandarddevfiattfion.
AccordfingttoTabfle1,ttheproposedmetthodouttperfformsbase-

flfinesbyaconsfiderabflemargfin.Besfides,wehaveseveraflobserva-
ttfions.Ffirstt,ttheattttenttfionmechanfismfisheflpffuflcomparedttotthe
conventtfionaflLSTMmodeflsfinceusersrandomflyvfiewmanyweb
pages.Second,tthecomparfisonsbettweenattttenttfion-awareATand
LSTM-AttttenttfionmodeflandbettweenLSTM+ATandLSTMdemon-
sttrattetthattttheadversarfiaflttrafinfingcanfindeedfimprovettheflearnfing
perfformance.Ffinaflfly,weshowtthattusfingttheVAT-basedapproach
onttheunflabefleddattacanaflsoboosttttheperfformance.

Tabfle1:PerfformanceonttheDfigfittaflMarkettfingDattasett.

Metthod AUC

LSTM 0.6964±0.0022

LSTM+AT[30] 0.7055±0.0018
LSTM-Attttenttfion 0.7079±0.0018

Attttenttfion-awareAT 0.7112±0.0018
Attttenttfion-awareAT(SF) 0.7133±0.0013
Attttenttfion-awareAT(CAT) 0.7142±0.0014

Attttenttfion-awareAT+VAT 0.7163±0.0016
Attttenttfion-awareAT+VAT(SF) 0.7205±0.0013

Attttenttfion-awareAT+VAT(CAT) 0.7218±0.0010

TAGM[36] 0.7054±0.0017
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Todemonsttrattehowttheattttenttfion-awareadversarfiaflttrafinfing
heflpswfitthdattaaugmenttattfion,weshowanfiflflusttrattfiveexampflefin
Tabfle2fforasequenceoffbrowsfingbehavfiorsffortthePhottoshop
productttthattfinaflflyfleadttoaconversfion.Herettheattttenttfionmodefl
dettecttstthattttheuserfisattttracttedbyseveraflttuttorfiaflwebpagesand
adownfload-surveypagewhficharehfighflyreflevanttttohfispurchase

behavfior.Weobservetthatttthemanyttuttorfiaflpages(e.g.,7tthand

9tthbehavfiors)arehfighflyreflevanttttoproffessfionaflphottography
(PHO).Hence,fittfisveryflfikeflytthattttheuserboughtttthfisproducttffor
phottographficedfittfing.Theconnecttfionsbettweentthesedettecttedweb
pagesandttheproducttconversfionareconfirmedbydomafinexpertts
whodeveflopedtthfisproductt.
Sfincewehaveareflattfiveflysmaflflamounttoffdattawfitthpurchase

behavfiors,fittwoufldbeveryheflpffuflttofincfludemoredattawfitthsfimfiflar
webbrowsfingpatttterns.InttherfighttcoflumnoffTabfle2,wecansee
tthattttheattttenttfion-awareATmetthodcanauttomattficaflflyrepflace
tthesemosttreflevanttttuttorfiaflwebpagesbyottherttuttorfiaflpages.

Weshowtthattttheorfigfinaflandrepflacedttuttorfiaflpagesfintthe7tth

and9tthbehavfiorsarebotthhfighflyreflevanttttophottography(PHO).

Theorfigfinaflttuttorfiaflpagefintthe4tthbehavfiorfisabouttagenerafl
operattfion.Thereffore,fittfisreasonabflettorepflacefittbytthehomepage
offttuttorfiaflswhereaflfltthebasficoperattfionsareflfistted.Thesfimfiflarfitty
bettweenorfigfinaflttuttorfiaflpagesandrepflacedttuttorfiaflpagesareaflso
confirmedbyourcoflflaborattorsfinAdobe.Wecanconcfludetthatttthe
pertturbedbehavfiorsmafinttafintthesamebrowsfingpatttternswfitthtthe
orfigfinaflsequencewhfifleaflsoaddfingmorevarfiabfiflfitty.

Tabfle2:AnexampflefinttheDfigfittaflMarkettfingDattasett.The
fleffttsfideshowsttheorfigfinaflsequenceandttherfighttsfidefistthe
pertturbedsequencebyAttttenttfion-awareAT.Thebofldfittems
representtpertturbedfittems(wfitthhfighattttenttfionwefightts)fin
tthesequence.“GEN"and“PHO"representtgeneraflfimage
edfittfingoperattfionsandphottography-reflattedoperattfions.

ID orfigfinaflsequence Pertturbedsequence

1 how-tto:sharpen-phottos how-tto:sharpen-phottos

2 downfloadsurvey:PS downfloadsurvey:PS
3 usfing:sharpness-bflur usfing:sharpness-bflur

4 how-tto:remove-obj(GEN) → PS:ttuttorfiafls

5 how-tto:obj-conttentt-aware how-tto:obj-conttentt-aware
6 downfloadsurvey:PS → fforums:PS

7 usfing:dodge-burn(PHO) → usfing:adjustt-fiflfl-flayers(PHO)
8 usfing:flayers usfing:flayers
9 how-tto:dodge-burn(PHO) → how-tto:sharpen-phottos(PHO)

Weshowtthesensfittfivfittyttesttffortthehyper-paramettersfinSFand
CATfinFfig.5(a)and(b).Whenweusenoadversarfiaflsampfles,tthe
SFapproachdegenerattesfinttottheconventtfionaflattttenttfionmodefl.In
conttrastt,whenusfingaflflttheadversarfiaflsampfles,ttheSFfisequfiva-
flenttttottheattttenttfion-awareATmetthod.Asweusemoreandmore
adversarfiaflsampfles,ttheperfformancewfiflflfirsttfincreaseasttheycan
heflpaugmenttttrafinfingdatta.However,ttheperfformancesttarttstto
decreaseafftterwefincfludesuficfienttadversarfiaflsampfles(>80%fin
tthfisttask)becauseaddfittfionafladversarfiaflsampflescanpottenttfiaflfly
breaktthepercepttuaflsfimfiflarfitty.ForttheCATapproach,aflargerγ
canproduceadversarfiaflsampflestthattbetttterpreservepercepttuafl
sfimfiflarfitty,buttcannottffuflflyexpflofitttthenearbyregfionfinttheffeatture

Tabfle3:PerfformanceonttheMovfieRevfiewDattasett.

Metthod Accuracy

LSTM 0.7221±0.0037
LSTM+AT[30] 0.7422±0.0027

LSTM-Attttenttfion 0.7566±0.0054

Attttenttfion-awareAT 0.7727±0.0016
Attttenttfion-awareAT(SF) 0.7819±0.0016

Attttenttfion-awareAT(CAT) 0.7803±0.0015

Attttenttfion-awareAT+VAT 0.7837±0.0014
Attttenttfion-awareAT+VAT(SF) 0.7901±0.0014

Attttenttfion-awareAT+VAT(CAT) 0.7878±0.0012

NBSVM[44] 0.7643±0.0003

CNN[18] 0.7795±0.0016
TAGM[36] 0.7592±0.0058

spacettofindwheretthecflassfifiercanpottenttfiaflflyffafifl.Thereffore,
whentthevaflueoffγfisveryflarge,tthegenerattedadversarfiaflsampfles
cannotteffecttfiveflyaugmenttttrafinfingdatta.

3.3 EvafluattfiononttheMovfieRevfiewDattasett

Sfincemovfierevfiewsaredfiscrettewordfinputts,weuseanexttraem-
beddfingflayerttottransfformtthemttoconttfinuousembeddfingsoff128
dfimensfions.Weprettrafinttheword-embeddfingflayerandLSTMflayer
accordfingttoprevfiousworks[6,30]usfingasequence-tto-sequence
auttoencoder[6].Theprettrafinfingfisconducttedusfingaflargerunfla-
befledAmazonRevfiewsdattasett[28].Wesetttthedfimensfionoffhfidden
representtattfionttobe140.TheλfinEq.11fissetttto1.0.InSF,weuse
60%adversarfiaflsampflesfineachfitterattfion.InCAT,γfissettas0.2.
Theadversarfiaflttrafinfing-basedmetthodsaretthenappflfiedttotthe

conttfinuouswordembeddfings.Tabfle3showsttheaccuracyofftthe
proposedmetthodandbaseflfines.Thebaseflfinesfincfludebotthtthe
varfianttsoffttheproposedmetthodandtthesttatte-off-tthe-arttsenttfi-
menttcflassfificattfionaflgorfitthms,suchasNVSVM[44],CNN[18]
andTAGM[36].IttfisaflsonottewortthytthatttthemetthodLSTM+AT
correspondsttotthemetthodfinprfiorwork[30].
Wecanobservetthattourproposedmetthodbrfings8.3%and9.4%

fimprovementtsovertthebaseflfineLSTMfintthesupervfisedttaskand
tthesemfi-supervfisedttask,respecttfivefly.IttcanbeseentthattCNNoutt-
perfformsttheattttenttfion-awareATbecausettheCNNmodefluttfiflfizes
ttheprettrafinedembeddfingsffromWord2VecGoogfleNews.However,
afftterweffurttherrefinettheaugmenttattfionsttrattegywfitthSForCAT,
tthedattaaugmenttattfionbecomesmuchmoreeffecttfiveandconse-
quenttflyttheperfformancefiscomparabflettoorevenbettttertthantthe
CNNbaseflfinewhfichuttfiflfizesauxfiflfiaryknowfledge.
Toshowhowconventtfionafladversarfiaflttrafinfingcanresuflttfin

sfignfificanttchangesoffdfiscrfimfinattfiveperfiod,wegfiveaposfittfive
revfiewexampflefinFfig.3wfitthttheorfigfinaflsenttenceandttheper-
tturbedsenttencebyLSTM+AT.Herewemapembeddfingsbacktto
wordsbyfindfingtthecflosesttwordsfinttheembeddfingspace.Afftter
tthepertturbattfion,aword“A"fisrepflacedby“B"fifftthepertturbed
embeddfingbecomescfloserttoword“B"andmoredfisttanttffromtthe
orfigfinaflword“A"affttertthepertturbattfions.Wedemonsttrattetthesuc-
cessoffttheproposedmetthodfindettecttfingtthemosttfimporttanttwords
sfincetthewords“ambfittfious",“ffeattures"and‘fimagfinattfive"findficatte
posfittfivesenttfimentt.However,afftterconventtfionafladversarfiaflper-
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Ffigure3:AnadversarfiaflsampflegenerattedbyLSTM+ATfin
MovfieRevfiewDattasett:(a)ttheorfigfinaflsenttenceand(b)tthe
pertturbedsenttence.Thefittaflficandunderscoredwordsare
pertturbedwords. Wemarktthettop-5fimporttanttwordsde-
ttecttedbyttheattttenttfionmodeflfinredcoflor.Thedarkerred
coflorfindficatteshfigherattttenttfionwefightt.

Tabfle4:PerfformanceonttheRemotteSensfingDattasett.

Metthod Accuracy

LSTM 0.8469±0.0083

LSTM+AT[30] 0.8563±0.0075
Attttenttfion 0.8566±0.0111

Attttenttfion-awareAT 0.8626±0.0022

Attttenttfion-awareAT(SF) 0.8721±0.0024
Attttenttfion-awareAT(CAT) 0.8692±0.0024

Attttenttfion-awareAT+VAT 0.8720±0.0011

Attttenttfion-awareAT+VAT(SF) 0.8876±0.0013
Attttenttfion-awareAT+VAT(CAT) 0.8825±0.0011

RandomForestt[20] 0.8398±0.0126

SeqRep[32] 0.8505±0.0124

Seq-RecurrenttEncoders[40] 0.8618±0.0124
TAGM[36] 0.8623±0.0173

nottconveyasmuchposfittfivesenttfimenttas“ambfittfious".Hence,tthe
attttenttfionwefighttofftthfisposfittfiongettsreducedaffttertthepertturbattfion.
Inconttrastt,ttheattttenttfionwefighttsffornon-dfiscrfimfinattfiveposfittfions,
e.g.,ttheword“anfimatted",gettfincreased.Intthfisway,tthepertturbed
senttencecannottreflectttthecorrecttsenttfimenttbyffocusfingonotther
non-finfformattfivewords.Hence,tthfisadversarfiaflsampflecannottbe
usedfforaugmenttfingttrafinfingdatta.Sfincetthfisexampfleresuflttsfina
flargedfifferencefinattttenttfionwefighttsafftterpertturbattfions,fittcanbe
fifltteredbySForfixedbyCAT.
ThesensfittfivfittyttesttsfinFfig.5(c)and(d)showstthesfimfiflarpatttterns

wfitthttheperfformanceonttheDfigfittaflMarkettfingDattasett.

3.4 EvafluattfiononttheRemotteSensfingDattasett

Whenwefimpflementtttheproposedmetthodontthfisdattasett,wesett
tthedfimensfionoffhfiddenrepresenttattfionttobe40.TheλfinEq.11fis
setttto1.0.InSF,weuse40%adversarfiaflsampflesfineachfitterattfion.
InCAT,γfissettas0.6.
WecompareourmetthodwfitthbaseflfinesfinTabfle4.Thebaseflfines

fincfludevarfianttsoffourmetthodandtthesttatte-off-tthe-arttmetthods
fforcflassfiffyfingflandcoversusfingremottesensfingdatta,suchasSe-
qRep[32],Seq-RecurrenttEncoders[40],andTAGM[36].Sfincetthfis
workffocusesonhandflfingsequenttfiafldatta,wedonottcomparetto
manyexfisttfingmetthodsusfingspattfiaflfinfformattfion.Ittfisnottewortthy
tthatttthebaseflfineSeq-RecurrenttAuttoencoderfittseflffaflsofincfludes
convofluttfionaflflayersoverspace.Besfides,wecomparewfitthttheRan-
domForesttcflassfifier,whfichfistthemosttpopuflarmetthodfintthe

domafinoffremottesensfing.SttandardLSTMfisaflsowfideflyusedfin
recenttremottesensfingresearch[13,39].
Ittcanbeseentthattourmodeflouttperfformsaflfltthebaseflfines.Be-

sfides,ttheattttenttfionmechanfismperfformsbettttertthanttheconven-
ttfionaflLSTMmodeflsfinceflandcoversshowtthefirmosttdfiscrfimfinattfive
patttternsonflyfinashorttperfiodwhfifletthenon-dfiscrfimfinattfiveperfiod
canfinttroducemuchnofise.Forexampfle,arobusttmodeflfforcrop
dettecttfionshoufldffocusonttheperfiodaffttercropsarepflanttedand
befforettheyareharvestted.Thettfimesttepsbefforeseedfingcanad-
verseflyfimpactttthecflassfificattfion,sfincesomeffarmerspflanttdfifferentt
cropttypesacrossyearsandttheresfiduesfleffttontthegroundbeffore
seedfingcanbeflongttoadfifferenttcropttype.Afftterttheaugmenttattfion
byattttenttfion-awareAT,ttheflearnfingperfformancefisevenhfigher
tthanaflfltthesttatte-off-tthe-arttmetthodsfinremottesensfing.

Ffigure4:TheNDVIserfiesobttafinedffrom(a)ttheorfigfinafl
cornsampfle,(b)tthepertturbedcornsampfleusfingLSTM+AT,
and(c)tthepertturbedcornsampfleusfingattttenttfion-awareAT.
PfinkcurvesarettheaverageoffsoybeanNDVIfforcomparfi-
son.Ffig.(d)showsttheattttenttfionwefighttsobttafinedffromtthe
orfigfinaflcornsampfle,andtthepertturbedsampfleusfingdfiffer-
enttmetthods.(e)fiflflusttrattfiveSenttfineflfimagescorrespondfing
ttofimporttanttsttages:May.18-befforeseedfing,Jun.24-mostt
cornstturnsgreen,Aug.23-aflflcropsgrowup,andOctt.22
-afftterharvesttfing.Beflowfisttheattttenttfionwefighttsobttafined
ffromMODISsequenttfiafldattafin2016.Redcoflordenottesspu-
rfiousflyhfighattttenttfionwefightts.

Inremottesensfing,ttheNormaflfizedDfifferenceVegettattfionIndex
(NDVI)[2
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ttosttudyvegettattfionphenoflogy.TheNDVIoffcropsampfleswfiflfl
fincreaserapfidflyafftterttheyarepflantted,andtthendecreaseaffttertthey
areharvestted.InFfig.4(a)-(c),weshowttheNDVIserfiesoffacorn
sampflettofiflflusttrattehowadversarfiaflttrafinfingcancausetthevarfiattfion
offattttenttfionwefightts.Besfidestthecornsampfle,weaflsoprovfidetthe
averageNDVIoffsoybeansfforcomparfison(pfinkcurve).InFfig.4(d),
weshowttheattttenttfionwefighttsobttafinedffromdfifferenttmodefls.To
bettttervfisuaflfizefimporttanttsttagesfincropgrowfingprocess,weshow
Senttfineflfimages(finhfigherresofluttfiontthanMODIS)correspondfing
ttotthesesttagesfinFfig.4(e).AccordfingttoFfig.4(d),ttheattttenttfion

wefighttoffttheorfigfinaflsampflehasttwopeaksatttthe22ndandtthe

30tthttfimestteps(seeJun.24andAug.23finFfig.4(e),respecttfivefly).
OnJun.24,fittcanbeseentthattcorntturnsfinttogreenwhfifleotther
cropsremafinwhfittefinttheRGBfimage.OnAug.23,evenfiffttheRGB
fimagesshowflessdfifferencebettweencornandsoybean,tthettfime
sttepsaroundAug.23aremosttfimporttanttfforcflassfificattfion(usfing
ttheffuflflMODISspecttrum)sfincetthemodeflcanbettttercaptturetthe
charactterfisttficsoffcornandsoybeanafftterttheyhaveffuflflygrownup.
ComparedttottheorfigfinaflNDVIserfies(Ffig.4(a)),finFfig.4(b)

tthecornsampflehasflowerNDVItthansoybeansdurfing24tth-28tth

ttfimesttepsafftterpertturbattfionsbyLSTM+AT.Thfisvfioflattestthephe-
noflogytthattcornsshoufldtturnfinttogreenffasttertthansoybeanatt
tthfisearflygrowfingsttage.Moreover,accordfingttoFfig.4(d)and(e),
tthepertturbattfionsbyLSTM+ATresuflttfinspurfiousflyhfighattttenttfion
wefighttsbefforeseedfingandafftterharvestt(seeattttenttfionwefightts
aroundMay.18andOctt.22finFfig.4(e)).ThfisfisbecauseLSTM+AT
cannottpertturbdattaproperflyatttthedfiscrfimfinattfivettfimestteps.In
conttrastt,attttenttfion-awareATpreservestthemosttfimporttanttsttages
accordfingttottheNDVIserfies(Ffig.4(c))andattttenttfionwefightts(Ffig.4
(d)and(e)).
InFfig.5(e)and(ff),weshowttheresuflttsoffsensfittfivfittyttesttffortthfis

flearnfingttask.Comparedwfitthprevfiousttasks,tthedfiscrfimfinattfive
perfiodfintthfisdattasettfismoreconcenttrattedfinaspecfificshorttperfiod
andtthepertturbattfionsaremoreflfikeflyttofimpactttthepercepttuafl
sfimfiflarfitty.Thereffore,ttheopttfimaflperfformancefisachfievedusfing
smaflfleramounttoffadversarfiaflsampflesoraflargervaflueoffγ.

4 RELATEDWORK

Inpasttdecades,manyresearchershaveshfiffttedtthefirfintteresttsffrom
sttattficdattattosequenttfiafldattaduettotthehugepottenttfiaflttherefin
ffordfiscoverfingknowfledgeoffdynamficpatttterns.Gfiventthattreafl-
worfldsequenttfiafldattaarecoflflecttedoverflongperfiodoffttfime,tthe
attttenttfionmechanfismfisproposedttodettectttthedfiscrfimfinattfivedatta
porttfion[12,42].Thfismetthodhasshownttobeeffecttfivefinmachfine
ttransflattfion[25],fimage/vfideocapttfionfing[46],questtfionanswer-
fing[24],andheafltth-careanaflysfis[5,26,47].
Recenttworkshaveshowntthattcompflexdeepflearnfingmod-

eflscanproduceunreflfiabflepredficttfionswfitthadversarfiaflpertturba-
ttfions[7,11,27].Thesuscepttfibfiflfittyttotthesepertturbattfionsflfiesfin
tthattttheflearnedunsmootthdecfisfionboundarycancausesudden
changesfformodeflouttputts.Avarfiettyoffdeffensesttrattegfieshave
beenproposedttofimprovetthemodeflrobusttnessagafinsttttheseper-
tturbattfions,suchasAT[11],VAT[31],andotthergradfientt-based
approaches[14,38].Somedeffensesttrattegfiesprovfideacerttfifiedde-
ffenseordettecttadversarfiaflsampflesgfivenspecfiaflflydesfignedmodefl
sttructtures[19,37]orspecfificdattasttructtures[10].Thesettechnfiques

(a) (b)

(c) (d)

(e) (ff)

Ffigure5:Sensfittfivfittyttesttswfitthrespecttttottheproporttfionoff
dattausedfinSFandtthehyperparametterγfinttheDfigfittaflMar-
kettfingDattasett((a)and(b)),ttheMovfieRevfiewDattasett((c)
and(d)),andttheRemotteSensfingDattasett((e)and(ff)).

haveaflsoshownmuchsuccessfinavarfiettyoffreafl-worfldappflfica-
ttfions,fincfludfingspammerfifltterfing[23],maflwaredettecttfion[43]and
medficaflscreenfing[41].
Intthfispaper,weafimttofimprovettheoveraflflflearnfingperffor-

mancebydeveflopfingAT-basedapproaches,whfichhavetthepotten-
ttfiaflttoflearnabetttterdecfisfionboundarytthroughdattaaugmentta-
ttfionfinanfisottropficdfirecttfion[11,31].Thfisdfiffersffromsomeaffore-
menttfionedworksfindesfignfingordeffendfingagafinsttspecfificadver-
sarfiaflattttacks.
Sfincemosttofftthesemetthodsdonottttakefinttoaccountttthesttruc-

ttureoffsequenttfiafldatta,ttheycannottbedfirecttflyusedttofimprovetthe
robusttnessoffsequenttfiaflmodefl.Someprfiorworkshaveexpflored
usfingAT-basedapproachesfinttexttmfinfingttasksbydfirecttflyappfly-
fingATonttheenttfiresequence[30],orusfinganexttramean-pooflfing
flayer[35].Researchershaveaflsodeveflopedaflgorfitthmsttobetttter
fintterprettadversarfiaflttexttsampflestthroughwordswappfing[8]and
erasfing[22].However,tthesemetthodscannottcaptturecrfittficaflpo-
sfittfionsandtthustthepertturbedsequencemaynottmafinttafintthe
dfiscrfimfinattfivepatttternsoffttheorfigfinaflsequence.Thereffore,tthese
metthodscannottffuflflyexpflofitttthenearbyffeatturespacewfitthoutt
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6 CONCLUSION

Intthfispaper,weproposeanoveflattttenttfion-awareATmetthodfforse-
quenttfiafldattabyanswerfingtthequesttfion“whenandhowttoperfform
adversarfiaflttrafinfing?".Thfismetthodafimsttofimprovettherobusttness
agafinsttanypertturbattfionswfitthfintthedfiscrfimfianttfiveperfiods.Based
ontthfisflearnfingmetthod,weffurttherproposeSFandCATttomafin-
ttafintthepercepttuaflsfimfiflarfittyoffsequenttfiafldatta.Exttensfiveresufltts
onreafl-worflddattasettsdemonsttrattettheeffecttfivenessoffourmetthod
finfimprovfingtthecflassfificattfionperfformance.Wegfiveseveraflex-
ampflesttoshowhowadversarfiaflpertturbattfionscanadverseflyaffectt
tthedfiscrfimfinattfivesttructtureoffsequencewhfichsupporttstthefinttu-
fittfionoffSFandCAT.Insummary,webeflfievetthfisworkcanprovfide
useffuflfinsfighttsfforflearnfingrobusttsequenttfiaflmodeflsandaflsowe
anttficfipattetthfisttobeanfimporttanttstteppfingsttonettowardsexttendfing
adversarfiaflttrafinfingffordfifferenttttypesoffsttructtureddatta.

REFERENCES
[1]2018.MODISProducttTabfle.httttps://flpdaac.usgs.gov/dattasett_dfiscovery/modfis/
modfis_productts_ttabfle/mod09a1.

[2]2018. MODISVegettattfionIndexProductts(NDVIandEVI).httttps://modfis.gsffc.
nasa.gov/datta/dattaprod/mod13.php.

[3]2018.NASSCDLProgram.httttps://nassgeodatta.gmu.edu/CropScape/.
[4]CharflesChen,SungchuflKfim,HungBufi,RyanRossfi,BranfisflavKvetton,Eunyee
Koh,andRazvanBunescu.2018.PredficttfiveAnaflysfisbyLeveragfingTemporafl
UserBehavfiorandUserEmbeddfings.InProceedfingsofftthe2018CIKM.ACM.

[5]EdwardChofi,MohammadTahaBahadorfi,LeSong,WafltterFSttewartt,andJfimeng
Sun.2017.GRAM:graph-basedattttenttfionmodeflfforheafltthcarerepresenttattfion
flearnfing.InProceedfingsofftthe23rdACMSIGKDD.ACM.

[6]AndrewMDafiandQuocVLe.2015.Semfi-supervfisedsequenceflearnfing.InNIPS.
3079–3087.

[7]YfinpengDong,FangzhouLfiao,TfianyuPang,HangSu,XfiaoflfinHu,JfianguoLfi,
andJunZhu.2017.Boosttfingadversarfiaflattttackswfitthmomenttum.arXfivpreprfintt
arXfiv:1710.06081(2017).

[8]JavfidEbrahfimfi,AnyfiRao,DanfieflLowd,andDejfingDou.2017.HottFflfip:Whfitte-
BoxAdversarfiaflExampflesfforNLP.arXfivpreprfinttarXfiv:1712.06751(2017).

[9]JohnCrfisttfianBorgesGamboa.2017.Deepflearnfingfforttfime-serfiesanaflysfis.arXfiv
preprfinttarXfiv:1701.01887(2017).

[10]JusttfinGfiflmer,LukeMettz,FarttashFaghrfi,SamueflSSchoenhoflz,MafitthraRaghu,
MarttfinWattttenberg,andIanGoodffeflflow.2018.Adversarfiaflspheres.arXfivpreprfintt
arXfiv:1801.02774(2018).

[11]I.J.Goodffeflflow,J.Shflens,andC.Szegedy.2014.ExpflafinfingandHarnessfing
AdversarfiaflExampfles.ArXfive-prfintts(Dec.2014).arXfiv:sttatt.ML/1412.6572

[12]DfichaoHu.2018.AnInttroducttorySurveyonAttttenttfionMechanfismsfinNLP
Probflems.arXfivpreprfinttarXfiv:1811.05544(2018).

[13]DfinoIenco,RaffaefleGaettano,CflafireDupaqufier,andPfierreMaurefl.2017.Land
covercflassfificattfionvfiamuflttfittemporaflspattfiafldattabydeeprecurrenttneurafl
nettworks.IEEEGeoscfienceandRemotteSensfingLetttters14,10(2017),1685–1689.

[14]DanfieflJakubovfittzandRajaGfiryes.2018.ImprovfingDNNRobusttnessttoAd-
versarfiaflAttttacksusfingJacobfianReguflarfizattfion.arXfivpreprfinttarXfiv:1803.08680
(2018).

[15]XfiaowefiJfia,AnkushKhandeflwafl,GuruprasadNayak,JamesGerber,Kfimberfly
Carflson,PauflWestt,andVfipfinKumar.2017.Incrementtaflduafl-memoryflsttmfin
flandcoverpredficttfion.InSIGKDD.ACM.

[16]XfiaowefiJfia,ShengLfi,AnkushKhandeflwafl,GuruprasadNayak,AnujKarpattne,
andVfipfinKumar.2019.SpattfiaflConttextt-AwareNettworksfforMfinfingTemporafl
DfiscrfimfinattfivePerfiodfinLandCoverDettecttfion.InProceedfingsofftthe2019SIAM
IntternattfionaflConfferenceonDattaMfinfing.SIAM,513–521.

[17]DonghyunKfim,SungchuflKfim,HandongZhao,ShengLfi,RyanARossfi,and
EunyeeKoh.2019.DomafinSwfittch-AwareHoflfisttficRecurrenttNeuraflNettwork
fforModeflfingMuflttfi-DomafinUserBehavfior.InProceedfingsoffttheTweflfftthACM
IntternattfionaflConfferenceonWebSearchandDattaMfinfing.ACM,663–671.

[18]YoonKfim.2014.Convofluttfionaflneuraflnettworksfforsenttencecflassfificattfion.arXfiv
preprfinttarXfiv:1408.5882(2014).

[19]JZficoKofltterandErficWong.2017.Provabfledeffensesagafinsttadversarfiaflexampfles
vfiattheconvexoutteradversarfiaflpoflyttope.arXfivpreprfinttarXfiv:1711.00851(2017).

[20]ArunDKuflkarnfiandBarrettttLowe.2016.Randomfforesttaflgorfitthmfforflandcover
cflassfificattfion.(2016).

[21]HuayuLfi,MarttfinRenqfiangMfin,YongGe,andAsfimKadav.2017.Aconttextt-aware
attttenttfionnettworkfforfintteracttfivequesttfionanswerfing.InSIGKDD.ACM.

[22]JfiwefiLfi,WfiflflMonroe,andDanJuraffsky.2016.Understtandfingneuraflnettworks
tthroughrepresenttattfionerasure.arXfivpreprfinttarXfiv:1612.08220(2016).

[23]NfinghaoLfiu,HongxfiaYang,andXfiaHu.2018.AdversarfiaflDettecttfionwfitthModefl
Intterprettattfion.InConfferenceonKnowfledgeDfiscovery&DattaMfinfing.

[24]PanLu,LefiJfi,WefiZhang,NanDuan,MfingZhou,andJfianyongWang.2018.R-
VQA:LearnfingVfisuaflReflattfionFacttswfitthSemanttficAttttenttfionfforVfisuaflQuesttfion
Answerfing.InProceedfingsofftthe24tthACMSIGKDD.ACM.

[25]Mfinh-ThangLuong,HfieuPham,andChrfisttopherDMannfing.2015. Effec-
ttfiveapproachesttoattttenttfion-basedneuraflmachfinettransflattfion.arXfivpreprfintt
arXfiv:1508.04025(2015).

[26]FengflongMa,RadhaChfitttta,JfingZhou,QuanzengYou,TongSun,andJfingGao.
2017.Dfipofle:Dfiagnosfispredficttfionfinheafltthcarevfiaattttenttfion-basedbfidfirecttfionafl
recurrenttneuraflnettworks.InProceedfingsofftthe23rdACMSIGKDD.ACM.

[27]AfleksanderMadry,AfleksandarMakeflov,LudwfigSchmfidtt,DfimfittrfisTsfipras,and
AdrfianVfladu.2017.Towardsdeepflearnfingmodeflsresfisttanttttoadversarfiaflattttacks.
arXfivpreprfinttarXfiv:1706.06083(2017).

[28]JuflfianMcAufleyandJureLeskovec.2013. Hfiddenffacttorsandhfiddenttopfics:
understtandfingrattfingdfimensfionswfitthrevfiewttextt.InRecsys.ACM.

[29]TomasMfikoflov,KafiChen,GregCorrado,andJeffreyDean.2013. Eficfientt
esttfimattfionoffwordrepresenttattfionsfinvecttorspace.arXfiv:1301.3781(2013).

[30]TakeruMfiyatto,AndrewMDafi,andIanGoodffeflflow.2016.Adversarfiaflttrafinfing
metthodsfforsemfi-supervfisedttexttcflassfificattfion.arXfivpreprfintt:1605.07725(2016).

[31]TakeruMfiyatto,Shfin-fichfiMaeda,ShfinIshfifi,andMasanorfiKoyama.2018.Vfirttuafl
adversarfiaflttrafinfing:areguflarfizattfionmetthodfforsupervfisedandsemfi-supervfised
flearnfing.IEEEttransacttfionsonpatttternanaflysfisandmachfinefintteflflfigence(2018).

[32]GuruprasadNayak,VarunMfitthafl,XfiaowefiJfia,andVfipfinKumar.2018.Cflassfiffyfing
muflttfivarfiattettfimeserfiesbyflearnfingsequence-flevefldfiscrfimfinattfivepatttterns.In
Proceedfingsofftthe2018SIAMIntternattfionaflConfferenceonDattaMfinfing.SIAM.

[33]YaboNfi,DanOu,ShfichenLfiu,XfiangLfi,WenwuOu,AnxfiangZeng,andLuoSfi.
2018.PercefiveYourUsersfinDeptth:LearnfingUnfiversaflUserRepresenttattfions
ffromMuflttfipfleE-commerceTasks.InProceedfingsofftthe24tthACMSIGKDD.ACM.

[34]BoPangandLfiflflfianLee.2005.Seefingsttars:Expflofittfingcflassreflattfionshfipsffor
senttfimenttcattegorfizattfionwfitthrespecttttorattfingscafles.InACL.

[35]NficoflasPapernott,PattrfickMcDanfiefl,AnantthramSwamfi,andRfichardHarang.
2016.Craffttfingadversarfiaflfinputtsequencesfforrecurrenttneuraflnettworks.In
MfiflfittaryCommunficattfionsConfference,MILCOM2016-2016IEEE.IEEE,49–54.

[36]WenjfiePefi,TadasBaflttrušafittfis,DavfidMJTax,andLoufis-PhfiflfippeMorency.2017.
Temporaflattttenttfion-gattedmodeflfforrobusttsequencecflassfificattfion.InComputter
VfisfionandPatttternRecognfittfion(CVPR),2017IEEEConfferenceon.IEEE,820–829.

[37]AdfittfiRaghunatthan,JacobSttefinhardtt,andPercyLfiang.2018.Certtfifieddeffenses
agafinsttadversarfiaflexampfles.arXfivpreprfinttarXfiv:1801.09344(2018).

[38]AndrewSflavfinRossandFfinafleDoshfi-Veflez.2017.Improvfingttheadversarfiafl
robusttnessandfintterprettabfiflfittyoffdeepneuraflnettworksbyreguflarfizfingtthefir
finputtgradfientts.arXfivpreprfinttarXfiv:1711.09404(2017).

[39]MarcRuBwurmandMarcoKörner.2017.TemporaflVegettattfionModeflflfingUs-
fingLongShortt-TermMemoryNettworksfforCropIdenttfificattfionffromMedfium-
ResofluttfionMuflttfi-specttraflSatteflflfitteImages..InCVPRWorkshops.1496–1504.

[40]MarcRußwurmandMarcoKörner.2018.Muflttfi-ttemporaflflandcovercflassfificattfion
wfitthsequenttfiaflrecurrenttencoders.ISPRSIntternattfionaflJournafloffGeo-Infformattfion
(2018).

[41]MengyfingSun,FengyfiTang,JfinffengYfi,FefiWang,andJfiayuZhou.2018.Identtfiffy
SuscepttfibfleLocattfionsfinMedficaflRecordsvfiaAdversarfiaflAttttacksonDeepPre-
dficttfiveModefls.InProceedfingsofftthe24tthACMSIGKDDIntternattfionaflConfference
onKnowfledgeDfiscoveryandDattaMfinfing.ACM.

[42]FengWangandDavfidMJTax.2016.SurveyonttheattttenttfionbasedRNNmodefl
andfittsappflficattfionsfincomputtervfisfion.arXfivpreprfinttarXfiv:1601.06823(2016).

[43]QfingflongWang,WenboGuo,KafixuanZhang,AflexanderGOrorbfiaII,Xfinyu
Xfing,XueLfiu,andCLeeGfifles.2017.Adversaryresfisttanttdeepneuraflnettworks
wfitthanappflficattfionttomaflwaredettecttfion.InProceedfingsofftthe23rdACMSIGKDD.

[44]SfidaWangandChrfisttopherDMannfing.2012.Baseflfinesandbfigrams:Sfimpfle,
goodsenttfimenttandttopficcflassfificattfion.InACL.

[45]ZfichaoYang,DfiyfiYang,ChrfisDyer,XfiaodongHe,AflexSmofla,andEduardHovy.
2016.Hfierarchficaflattttenttfionnettworksffordocumenttcflassfificattfion.InProceedfings
offtthe2016NAACL.

[46]QuanzengYou,HafiflfinJfin,ZhaowenWang,ChenFang,andJfieboLuo.2016.Image
capttfionfingwfitthsemanttficattttenttfion.InCVPR.

[47]YuanZhang,XfiYang,JuflfieIvy,andMfinChfi.2019.ATTAIN:Attttenttfion-based
Tfime-AwareLSTMNettworksfforDfiseaseProgressfionModeflfing.InIJCAI2019.
IntternattfionaflJofinttConfferencesonArttfificfiaflIntteflflfigence.

[48]HandongZhao,QuanffuFan,DanGuttffreund,andYunFu.2018.Semanttficaflfly
GufidedVfisuaflQuesttfionAnswerfing.In2018IEEEWfintterConfferenceonAppflfica-
ttfionsoffComputterVfisfion(WACV).IEEE,1852–1860.

[49]DanfieflZügner,AmfirAkbarnejad,andSttephanGünnemann.2018.Adversarfiafl
attttacksonneuraflnettworksfforgraphdatta.InSIGKDD

Research Track Paper

.ACM.

KDD ’19, Augustt 4–8, 2019, Anchorage, AK, USA

1673

https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mod09a1
https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table/mod09a1
https://modis.gsfc.nasa.gov/data/dataprod/mod13.php
https://modis.gsfc.nasa.gov/data/dataprod/mod13.php
https://nassgeodata.gmu.edu/CropScape/
http://arxiv.org/abs/stat.ML/1412.6572

	Abstract
	1 Introduction
	2 Method
	2.1 Preliminaries
	2.2 Adversarial Training for Sequential Data

	3 Experiment
	3.1 Dataset description
	3.2 Evaluation on the Digital Marketing Dataset
	3.3 Evaluation on the Movie Review Dataset
	3.4 Evaluation on the Remote Sensing Dataset

	4 Related Work
	5 Acknowledgement
	6 Conclusion
	References



