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Judwmtwljujhg thpntiughtt gubghplt mubiwy Bu dnwnwpybpm pupn dnitighwiitp,
hish htwmbwipny npubp pupdp wpynibudvmppudp wohaunnd b wunnbpbbph dw-
sty pliuljut (Egmibiinh dowlpdwis (VLA dh owpp futinhplbiph pnusudwb nhwpnd: Q-
1w ppul, wylpwb b wupg sk, ph hish hhtwb dpw BU Wgpntught gubighpp Junwpnd
hpktg Yubhunbunidibpp: Uwubwednpuggbu, jbinhp £ gpinid. hualpubagny, ph dnunph
np Wywpugpbphis (features) tughiny £ guibigp Yuguglinwd hp npnonudpe Rdalnipguis Uke guals-
gbph Yubtihaanbunwdubpp ns dhuyl whwp | hbbb &ogphn, gl whnp b ndibhwb hhduw-
Unpmudlip: Ophlnaly, Bpp Ulpnbughte guign Yuijuwnbub] E hhtwtimipiub wnuwynge-
ntup, wihpwdton k hwuljutvg, ph dnunpughte np uiduiipt Ba dbs nhp juwnugh wyn
npnotuts Uk

Ughuuwnnubipmu npd b wpdl] jnruwpwil) gpntughtt gubgkph wigpawunatippn Yuad,
wy Yhpy wuws, wunbpudnph] npuitig wohuwnwitipn: Opu by hbnwgninnipyu b winwpju
Jhpgt £ MIMIC-IIT pdoljujuals wifjwiibph puquny wopawnnn nhmphkin Uhjpntugh
gwlg, npp dnuinpnud unwtinud E Jipujtinubwgdui paudwidniipnd guninnn hhguinh
YihthYulwi wpuibph dwdwiulughl swppp b Ginpdnid gnipwlhy bhgwiinh Jhpulb-
nubwgdwi pudwininiipnid dwhdwit Eiph hwjuwwljuinipinin: Ushounwiiippnid hwenn-
Jt1 E yuwnlbipbbph &ubwsdwb b phwljuls (Eqdh dowlpiui juinhpiiph hwdwp dowljpdus
Epym dbpnn hwptwpbgitip Yihthuub wjjubtnph dpu wppownnn bhpnbughte gubgh-
nhi b wuwlbkpuwnpb) wyn gubghph wppawvwbpp:

Umebgeeahly pamlp nbymphinn bhpntughtt gubighp, gpunhblunught hhdpmy wwwn-
Yhpunpnud, Yupunpmpjub htupbpwg dujuppupghte swpddudp wpunjpudnpoud,
MIMIC-III, dwdw atpuaghe owppbip:

Lhpwdmpnih: Yuwbhiwpglnng hhuingmpniiubph Jun hwpnbwpbpodp
lJwphnp phip £ punnud bhpdubnnipyut wpymbwdbin pacddut juqdwlipuyduw,
wpnnowlwl plwdph nkunipuliinh &hown oguruugnpsdws gnpdpupwgubipnud: Zh-
Jutnubph wpnnpwljw gmguithoutiph (electronic health care records or EHRs)
plwliugnidp b hujwpwgpnip htwpunnpnipinih b unbndmd  ogunwugnpdtnt
Ukphwyuljuwh niumgdwt tbkipnidp b winbindkine hwdwljupgbp, npnup pay) fuwh
wtiptinhwn htwnbit] hhduwunh Jh&wlht, Yutjuwnbub) puptiduws hhywtnnipgniu-

90



Ubpp, htswhu twl jubuwinbub] hhjuinh Jhdwlp wywuquynid hhup pugndik-
1nY bwifunpn dwdbkpht swithwé wnnnowljw nydjuukpp:

Ubkpjuynudu £AR hudwljupgbpp twppwnbudws Eu ndjujubph &oqphun
yuwhywidwb b hhwunh Jhdwljp dudwujh pipugpnid hbwnbbknt hwdwp: Tw
pny] £ mujhu juntuwtht] bwpuhinid wpdws pdojuljut hknwgnuumipiniiubph
wihwplh Yplbuophttwlnidutinhg, pdojulmt pupnbtph Ynpunhg b niukbwng
wjuyibph dphuyl Ukl Yhbnpniugjus dhwubwlub wgpoip’ wdbjh £ogphun
htwnlit) hhwunh Jh&uljh gphtwdhluyhte

Ushuwwnwiipnid thnpdty kup wuwwnljkpuwdnply [1]-nud tjupugpdus guugk-
nhg Ukyp, npp, dntinpnid vinwbwny JEpuljiputugdut pudwiidniipnid quntnn
hhywunh 48-dwdju wnnnowljut gnigwuhoubph dwdwbwluwhl pwppn, thnpdnid
E gnipwljt) dwhywt Eiph hwjwiwlwunipmniup:

NMuwwnltpuynpnudp dntnpughtt ndjujubph uplunpnipjub pupnkqh unw-
gnuiti E: NMunbpuynpuwt hwdwp oqinugnpéyty i kplynt nkuwly gnpshpuljuqu’
hhduwsé dntinpuyhtt myjujubph qpunhtunh (gradient based visualization) 1 upln-
nnipjub wpdtph hbnptpug dujuppuljught pupddwt ypw (Layer wise relevance
propagation): Zadtdwnbp b Ukjiwputbup unwugus upbnpnipjut pupunbqubpn:

Uphumwnwipp punjugus b tpkp dwuhg, nph wnwehtt dwunid ubpluywg-
Jwsd Eu ulpnuughtt gwigbph wunljbpudnpdwt JEpntpjuy dkpagubtpp: Gpypnpyg
dwunud ubpuyugus o MIMIC-IIT wyujubph htupp, junph dwptdwphluljut
Alujipunudp b uyt dnpbpp, npp Jupdtgyty b wyn vifjuubph ypu: Gppnpng dwund
nhunwplynid B wpyniupubpp b dEjuwpwbynid juplnpnipjut pupuntqubpp:

NMuwwnjkpuynpiwi dkponubpp yunlkpubph dwiwydwb dk. [2] wouw-
wnwtpmu nhinwplyty E htnbywy pinhpp. mpjws qupdtgdus thupnypughlt guigh
nL pjws nuup hwdwp wihpwdbon b ujupubph nwpwsdnipniithg gk wju-
whuh tywp, npp Yuwpuhtwugh tywnulught quuh wpdbpp: Uy ipy whnp
E msk] htnlyw] oyunhdwjugdwt pughpp. argmax;(Sc(I) — A 1 I 113), npwnkn
S:.(-ht byuunuluyht yuuh wpdbp L, npp uvnwugynud L guigh juithiunbunn
okpupg I-Untnpuhl tjuph hwdwp: Wahpudbown b gtk wyughup L2 jupgqu-
Ynpdws uup, nph nypnud S, (1)- htu §1hth wowdbjugnyup: Sknuyhtt owyinpduy 1
htwpwynp k qunuk] hbnmpipwug-nwpwsdwt (back-propogation) wignphpuny: Ow-
nhdwjugnidp ujuynud k 0-ubpny uljqpiwapdtpuynpyué tjuphg, npp jpipupuis-
mp hhnpipug-nwpusdwt puyh dudwiwl Eipwplpynid b hnhnfunpyub
Iy = Iy + a x grad;(S.(I) — A |l I 13): dkpotmjutt wipmymiiphtt gnudwpynid | Jup-
dtgunn pwqunipjut (training set) Uhohup:

[(3]-mud utnhp £ npius wwnfbpundnpty ny ph quup, wy npdus aljupp:
Spdws Iy uuph b ¢ ywuh hwdwp hwupludnp £ nwtquynpty Ip-h whpubjutpp
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nuwn tpubg uplunpnipyub, S.(I)-u hwoykihu: S, (1)-u Unnnwupykny tpw wnweht
Ywpgh Bhynph pwpph $nibyghuyny I, tuph dnnwluypnid S.(1) = wl1 + b,
unwbnmd up w = Vi(Se) [y, : [wl-bjupugpmd £ wyb, pk htgputing whwp k thn-
thnluk] whpulibpp tywnwlwght wpdbpp dwpuhdwjugitine hwdwp:

[4]-nud wpwewnlyty b wunljkpudnpuwb inp dkpny juplinpnipyub htn-
nupug dwluwpnulwiht pupdmd (Layer wise Relevance Propogation (LRP) Uju
uwhdwiynd £ npuyytiu vwhdwiwhwlnudubph wdpnnenipnit b judwjulju ni-
onud, npp pwdupupnid b wyn vwhdwbwthwlnidubpp, hwdwpynd L yunljtpu-
Unpuwb wyju dkpnnh dwubudnp ghypp: Zhdbwljut byunwya b hauwbog
Untnpuyghtt fjuyikph nlipp f(x) guiguyhtt pniuljghuyh jutthwnbudwut dbe:
Yhwnwpytp $hndnpywpn gulg' £, nph -kpnpn 2kpnh thwynpitpp tywiwlkip
{z{"35), npuntn V(D)-p I-bpnpn, okpunh suhnnuiljutnpymbt k (RP}5Y 0y tpw-
twlkup [-tpnpy otpnph Juplnpnipjut JEiunnpp: Mibkhwng R;Hl) Juplnpni-
prut YEunnpp (0 + 1)-pnpy opinh hwdwp” withpudbpn b qulity Rg) Juplnpni-
pjut yiiwnnpn I-tpnpy okpnh hwdwp wjiytu, np nknh mubkbwb hinbjw; hw-
Juuwpnipniuubpp.

I+1 l 1
f(x) =...=§R;+ ) =§Ré) =...=§R,§):

Cunn npuitlg Juplnpmpjui wpdtpp Uh okpunhg dpiuhh wighkjhu wuh-
wuwynid E: Ujunghuph JEpnsnipiniup dhwlyp sk b sh tpupjuwdnpnud yunljbpw-

(LI+1)
i—j
i-tpnpn Yhwynnphg niwh j-tpopn dhwdnpp: Uhwynph jupbnpmpniup vwhdwi-
Unud E npugbu Untnpughts hwnnprugpmpiniabph gnidwp’

Ynpuwlb juy wpyniupubp: R -t Uk iwpubdmd E npuybu hwnnpugpni ey’

o _ Li+1)
R; = X R
ieinput(k)

RO’

D" hunnpyugpmipyniip Yipgpdws b hudbdwnwlut’ ipw niikgus
ntnujhtt wqpbgnipjuin wnwenpupwug swpddwt dudwbwly a,(cHl) vhwynph hwp-
Jupluwl dky

Ri(ilkﬂ) - R’(‘Hl) foif‘ffhk:

NMuunljtpwynpiwt dkpnnukpp phwljut (kqoiukph doudwh Uy, fuwlul
1Eqniubph dowljuwb Uk ubjpnuught dnpbjubpp hhdtwjuinid npyjbu dninp unw-
unud Eu puntph tbkpypué JEjunnpubp: Lepppdus dEjnnpubpp tbpuyugund
kb punh hdwuwnp JEyunnph dthongm: Puquwphy dnnkjitpny (ophtwly Word2vec,
Glove, StarSpace,...) junnigynid Lt wyn Ejuinpubpp, npnup dhwynpnn thhihun-
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thwynipjniull wyl £, np punh hdwuwnp npnpdmd £ ynlnbpuinhg wyn punkphg,
npnig htn vhwdwdwbwl hwtnhynid E mbkpunniud: Vkpnpdws yEjunpubtph dbe
wuthnthywsé £ punh hdwuwnp, vwluyt juphp Yu wybih unp hwulwbwg, ph ubg-
nnuught gmugkpp hsyku B hwuljuinid wyy yEjunnpubph hwdwnpnudp:

Bnp gugh dntnpnud tkpnppdws Jennpukp b, wyw jnipupwiignip punh
Juplnpnipniup vwhdwtktp npytu wyy punh tkpgpdws Jeinnph ponp mwp-
phph Juplnpnipyub wpdbpubph gnudwp’

Rword) — ZR‘(iword):
d

[5]-nud nhnnwpyws t dEjuupwimipniuubph nuppbpuldw jpunhpp, np-
nkn wmhpwdbon E nmuppbpult] nppuljut dEjbwpubnipmniiubpp puguuwului-
utphg b wuwwnltpuynpk] wyy punghpp (nwsnn pkiniptbn guugkph wohtwwnwpnp:
Spjws E ubpypus yEjunnpubph b ¢ pwuh hwdwp tEpntwght guugn (E, ¢) qnuy-
ghtt hwlwywwnwupiwinipjut ke £ nunid S (E) wpdtpp: Lyuwwnwljy t yunpqgly,
pt E-h np Jkjunnputpt Bu wdktwownp wqnnd S¢(E)-h ypu: Lwith np junp guii-
gtpnud S¢(E)-t ng gdwyht E, wytt yupkph £ dninwnljly @kynph weweht Yupgh 4kp-
|nwdnipjudp, npunknhg w(e) = g, npunbn e € E: Yuplnpmipjut pupunkqu b Yhuh
lw(e)|-u, npp Wqupugpnud k, ph tbpgpdus JEjunpubph wdbt Jh wpdbp hswybu
E wgnnud guigh JEpotimlju npnodwt Jpu:

Yuplnpnipjut hbnppug dwjupnpuljught pupddw dkpanp dhwiquidhg
Yhpwntjh sk nphlnipkun guugkpp wqunlbpuynpkjhu, puth np pklnipkun gut-
gbinh dupnwpuybnnipyut Uk Jub tmwupp we mmupp puqiuuyundut gnpén-
nnipjnibtbp: [6]-nud ukpjuyugus b yEpnuojuy wignphpuh punhwbpugnudp nk-
Ynipktn guuigkph hwdwp: Fhgnip z;-tt yEpht gkpnh nplk tpnt £ nph wpdtpp
wnwontipug pupdudwt dudwbwly hwyquplynid k z; = z; - z; pnbiwdling, npinkn
Zg-u hwdwywwnwupwbnmd t hwignygh wpdtpht, hulj z;-p jupd jud Epljup
Jujuubmipiniuiknhtt hwdwwywunwupwtng htbnpdwughuyh wpdtph k: Ujuyhuh
wpuunpuuyhlt juuybpp punpny tu LSTM b GRU wbtuwlh guwigkphl, npntp
wlktwhwdwj oqginugnpdynn nklinipkun guughnh nmbuwliubpt G Gupwunpkup
R;-u z; ukjpnup Yuplnpmput wpdbkph E: Uju nhwypnud ukpplh okpinh fuplin-
pnipjut wpdbpp vwhdwiynd £ htnbyuy Yepy Ry = 0 b Ry = R;:

MIMIC-IIT wijjuijutpp hkuph punmipwghpp b jungph gpwépp. MIMIC-II7
(Medical Information Mart for Intensive Care III [7])-p nhjjughnt, wijdwp-hwuw-
ubkh wjujukph hkup k, npp wwpnitwlnid £ 40000 hhywunubph wpnpowlju
wnyjuubip, nyptp 2001-2012 pyuwlwuutpht tnky Gu Beth Israel Deaconess pdoljui-
Jut Yhunpnuh JEpuljbinuiugdwt pudwidniipnid: SYjujubph puquit tbpw-
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nnud | mbnknipnitubp, hswyhuhp Bu nhdngpubhly ndjuttpp, juwnwpgws Yku-
uwlut tpwbkph swihnidubpp (1 dud vhonunupny), jupnpunnp hbnwgnunt-
pjult wpyniupubpp, junwupjws pnidgnpénnnipniuubpp, punnibws phntpp b
wy] mbnEympniubbn:

Uwnpl tkpjuyugué E ndjuubph wpnpbu hul twhpwdywldws [1] tdniph
wuwlbkpp (uly. 1), npunkn gnittwghtt ptnbuhynipniup thopednud E [-2, 2] dhow-
Yujpnid -2-p ubpyws t unig nupstugniyl, huly 2-p° uwynigun: Lyuph dwju no
wo dwubpmud dunbwipqus ki fhuuwlub wowttkph swhnudubiph pdojujuts nkp-
Uhliikpp, ophiwly Fraction inspired oxygen Wl Mask for Glucose (wn). 1), hulj Uniu
wnwlgpp (7ime Axis) pimpwugpmu b dwdwbwlp' 0-hg Uhush 47: Mask for X
wnwbgpuyghtt punny uljunn jupugptptt niukt hunnly tywwlnipmit. pputp
gnyg Lt nnwphu, pt np ywwhht k pdholyp swthl) X nbkuwlh tjupwughpp: Ljwpw-
qpiipnud Jwb hswbu nhuljpbn, wjiybu b wipinhwn dhsnpntulbp: Cuny npoud’
njujubpp dowlydly ki htwnlyw) ophttwswthnipjudp. pdolh dh swihnidhg dhtsh
Uiniu swhnidt pujwsd dudwbujuhwndusnid tjupugph wpdbpp Ypjuynud k
nunhniy Uhish tnp swthdwb wpdtph qputignudp:

Fraction inspired oxygen

Glascow coma scale motor response
Glascow coma scale total

Glascow coma scale verbal response
Glucose

Heart Rate = -]
Height

g
Mean blood pressure
Oxygen saturation

I{espiratory rate !’q | 7F
Systolic blgod pressure . = ER BE =B = ||

emperature

pH 1 1 1 1 1
0 10 20 30 40
Time Axis

2.0 15 1.0 0.5 0.0 05 1.0 15 2.0

Uy 1. MIMIC wjuypilph hkiph wjuunwlpjus idniph wunlkpp (huyky gnibun/np
wnuppbpuny): Mupgnipyul hudwup Mask wbuwh Gwpugplpp pug ki poniky

Upluwnwbip [1]-nwd dbwlbpydws kb snpu hhtwbwlwb  jutghpbbp’
MIMIC-IIInJjuutiph htuph hhdw Jpu: Uwjuyi wyu wppuwwnwiipnid nipwnpne-
pmil Ynupdubip dhuyh Ukl dwpynt dwhwiwnt hujwbwubnipyniip dnnwp-
YEnt juinnh ypw (in-hospital mortality): ‘Ukpluyugdus tu dh swpp ubjpnuuwght
Unnkikp, npnip hwughudnpyus ko dnnwplpm dupgm dwhwbagm hudwb-
Juwbnipnitp:  Ukppuinid hwdwpnun tjupugpdus b wyn dnphjubphg dbhp
(Channel-wise LSTM), nph Jpw k| Yhpundt Eo qunlbpuynpdwb dkpngubpp: b
wnwppbpnipnit unwunupwn LSTM-h, npp dhwiqudhg wpjuwwnnid E hwenpnw-
Jul Untnpuyhtt nidjuukpny, Channel-wise LSTM-p hpwphg wijuwju dpwlnid k
Untnpuyht ndjukph twppbp wowbgpubpp Epynndwuh LSTM-ukpny, wyunt-
htwnl pnjnp LSTM-utph Eiptpp vhwugynid G hpwip (concatenation) b npujku Udniwnp
thnjuwtgynid Uk wy) LSTM gutgh (Wy0 2):
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Pnihnfuwuwbbkph Gljwpugnpnieiniin

Unyniuwml

Qhhvwlwh sunhnidbbpp uopdp Skuwlp
Capillary refill rate 0.0 categorical
Diastolic blood pressure 59.0 continuous
Fraction inspired oxygen 021 continuous
Glascow coma scale eye opening 4 spontaneously categorical
Glascow coma scale motor response 6 obeys commands categorical
Glascow coma scale total 15 categorical
Glascow coma scale verbal response 5 oriented categorical
Glucose 128.0 continuous
Heart Rate 86 continuous
Height 170.0 continuous
Mean blood pressure 77.0 continuous
Oxygen saturation 98.0 continuous
Respiratory rate 19 continuous
Systolic blood pressure 118.0 continuous
Temperature 36.6 continuous
Weight 81.0 continuous
pH 7.4 continuous

Yhpgluljul

Jubpunbund

Uhuwgdwl phpn
(concat layer)

Bi-LSTM gulghph
bLphpp g pualiy e
upuibp

Uil plibph
fut sl pbpun
(slice layer)

LSTM

/AN

Bi-LSTM] | ai-LSTM:\ ‘:Ei-LSTM:‘

‘: Ei-LSTME

Unuin puigrls phun

Input (48x76)

|

Ul. 2. Channel-wise LSTM-h dwpunwpwyybuintpiniip

Uwnugjws wpyniipiikpp. 8nipwpwignip ophtwh hwdwn junnigynud Eu

gpunhbunughtt hhup niikgnn b juptnpnipjut hbnptpwug dujuppuljught gupd-

dudp uvnwgjus yunbkpuynpnidubtppn: b mwppbpnipnit gpunhtunng yguwn-
Ykpunplwt ZRPny unwugus wunlbpibph dke wnlw ki hbsyhu Juwniyw,
wyuytu £ jupdhp Jquinuljubp: Yuwynynttpp punpnonid B puguuwljuin ubkp-
gnpoénipnit Yipetwljut jutjownmbudwt pu, hgp hwughgunid k upwt, np 4tp-
ohli 2bpuih uhquwdl $mulghwts thnpp (hth 05-hg, hul Ywpuhpubpp gpuljwb:
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Lutiupybup dwhywb Ejp wpdwtwgpus ophtimy, nph hwdwp gutgp ghown
Juwbhwwnbund £ Juuwpk) (7rue Positive): Ulj. 3-mud wquunltpjws £ wynuhuh
ophtuly, huy uy. 4...5-mud Epynt dkpnnutph dhongny vnwugyué hudwyuwnwu-
ot Jupbnpnipjut yuwnybkpubpb B Bpynt wquwunbkpuwynpnudubph dbe kS
Juplnpnipinit £ wpydty Glascow coma scale eye opening, Glascow coma scale motor
response, Glascow coma scale total, Glascow coma scale verbal response uljuipugntinhic:
dbpghti uh pwh duwndbphtt Ykpntpjuy Wjwpwugpbpp Yupnily hoinputy (Juan-
pupugky) b, hush hhdwt ypw Channel-wise LSTM guiugp Jupnnugty k g¢hown npn-
omid Juyuguk): b nmwppbpnipmnit gqpunhtunughtt wuwnlbpuwynpdwi, npp hhd-
twluinid Jupbnpnwd £ ujupugpbph 4pehtt dwdbph wpdbpubpp, uplnpnipe-
jutt hbnplpug dwujuppuljuyhtt swupddudp vnugus yuwnkpuynpnidp nipwr-
pnipmitt b pupdunud dbpnugju) tqupwugpbph hswybu ulqpiwlul, wjiybu
Jbpotujut swthnudubpht (bl 3...5-md dwinpwlugnyt b ub mnpulniutkpp):
Zunljuipwlub t twl, np Jupbnpnipjut hhpdtwwi dwup JEbupntugus
Glascow coma scale eye opening, Glascow coma scale motor response, Glascow coma
scale total, Glascow coma scale verbal response ujupugptnh ypw, npnup punipw-
gpnid Eu dupnm ghnwljgnipjuts Jhdwljp, b gputp swnwynid ki npyjbu wnwye-
tuyhtt qudw ujuwpwqgntp, hsp ninnujhnptt juwyyws £ dwhwgnipjut htn:

7373_episode2_timeseries.csv _True Label: 1 Predicted Label: 1 Description: inp

Capillary refill rate - 1
Diastolic blood pressure

Glascow coma scale ¢ eye opemng T —
Glascow coma scale motor response -

Glascow coma scale total _—

Glascow coma scale verbal response |

Heart Rate -
Height -
Mean blood pressure |

Ox'{gen saturation
espiratory rate | | .-.
Systolic blood pressure | N | = |
Temperature
Welg t
T T T

20 30 40

Time Axis

2.0 15 1.0 0.5 05 1.0 15 2.0

0.0

Ul. 3. Untunnpuyhli wnyfjuyikph opplnuly (Guyky gnibundnp unnupplpuilng). True Positive

7373_episode2_timeseries.csv _True Label: 1 Predicted Label: 1 Description: Irp

_ Capillary refill rate
Diastolic blood pressure

G ¥
Glascow coma scale eye opening
Glascow coma scale motor response
Glascow coma scale total

Glascow coma scale verbal response

{ =
_ I |
O

Heart Rate

Height

Mean blood pressure [ ———————————
xggen saturation
piratory rate
Systolic blood pressure

Temperature
Weight
pH

T T T T
0 10 20 30 40

-0.10 -0.05 0.00 0.05 0.10

Ul. 4 Quiplnpnipypul hknpbpug nwupusdudp unwugyus qunlbpunpnid. True Positive
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7373_episode2_timeseries.csv_True Label: 1 Predicted Label: 1 Description: grd

. Capillary refill rate
Diastolic blood pressure -

Fraction inspired oxygen -

Glascow coma scale eye opening
Glascow coma scale motor response -
Glascow coma scale total -

Glascow coma scale verbal response -

Height =
Mean blood pressure - =

espiratory rate -
Systolic blood pressure -
Temperature _ S

eight -

PH

Ul 5. Quuuphkinnughl hpdp nibkgng wunnlhpun/npnid (Guylky gnibun/np nuppbpuing).
True Positive

Ppujwiugdwt dwbpuwdwukp (Implementation Details). Ppuljutiugnidp
Juwnwpyty E Google Colab thowjuypnud, npp hiupuwdnpoienit E pidbnnud wd&wp
oquugnpdt] hwdbdwwnwpup dké RAM nitibgnn wuywpwwnwht nbuniputibp
(CPU, GPU, TPU): Ujt ub npwrdwnpnud | hinbpdlyu’ Python 3 spugpuunpduwb
1EqUny wopiuwnbint hwdwp: Zhdbwlwimyd oquuugnpédyt; L Keras b Numpy
gpunupububpp, npnughg wowehtip twppwnbugws b junp niunigdw dnphjuk-
pn, hul Ephypnpyp judwyulwh swihnnulubnieyntt niikgnn phiunpbkpny wo-
juwntnt hwdwp:

[1]-nid wpwowplyws Channel-wise LSTM gwugpn hpwlwugdbk; kp Keras
gpunupuiny, npp nipujh hwuwbbjhmpiniu sh mpudugpniud nknipkin gu-
gtinh hwugnygubph wpdbpubpht, npnup wthpwdbon ki Juplnpnipjut htwnpt-
pug dujwuppuluyhtt pwpddwt wignphpdnid: Uyn yundwnny oquuugnpsyud
guighkph nuubkpp Ykpuwuwhdwyk) (override) ki, b wkjugyt) £ humdwwywuwnwu-
Juwat pnruyghnwnipniip:

Gupunpmipjut hbnpbpug dujuppulught sowpddwt wignphpdnd a-u
punpyty £ 0.01, huly § 0: §-h wyuwhuh plwnpnipul wpynibpnid bias dhudnplk-
nht jupunpnipini sh nipyky:

b wuppipmipnit [5]-nud tjupugpud twpwnuunipjut ubinhdbunp
Jutpiwnbudwt pinph, npuntn quubph pwtwlp hwjuwuwn kp 5-h, dwhdut jub-
hunbudwt punpmd quubph puwwlp hwjuwuwnp k 2-h, b undpdwpup hoppwupki
Yhpunyt] E uhquwdl Epuyhtt Jhwynpp: Uju nwppbpnipniip ywndwn k hwt-
nhuwbmd’ Jkpubugkyn Ykpeht okpnh juplnpnpyub wpdbpp, npuykugh htpw-
Unp 1hth wnwbiw] Jupbnpnippud wunlbpibp' pun twywnwlughtt quuh:
Channel-wise LSTM gutigh ykpehti okpup tjwpugpdnid £ htnlywy putiwdling
S = o(WhL + b), npuntin hy-u LSTM gutigh Jkpotwub peouyhtt yh&wyh E, huly
W,b -t Jtpght |phy Jugwlgiud 2tpnh Yoholikpp: Apugku Ay dhwdnph Yuipln-
nnipjut ykjunnp Jepgpdty £ hbnlyup R(hy) = Mask © W © hy, npnkn Mask-p
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phtwpn yEYunp k, npp gnyg Ewiwghu, pk W O hy Ejnnph np wpdbpubpt b tow-
tny hwdplyty (WhE + b)-h tipwih htwn: Uy Yhpy wuws Mask = 1{sign(W © hy) =
= sign(S — $(0))}, npunkn 1-p hunhfuwwunp $niuljghw £ b punniind | 1 wipdtp, Epk
thuljugstipmd tkpwpwsd wuydwup £hown E:

Bapuljugnipeynit. Uphiuinwipnid thnpd £ wpyl] wunkpundnpbyne [1]-nd
wnwowpyud Ukpntwght guugkphg dkyp' channel-wise LSTM-p: Yhpum]t) &l
Epynt nbuwlh wuunbtpudnpdwt dkpngubp. guigh npnomdubpp pugunpbing
hwdwp htnwqu wyhwnwbpubpp nugnws Yhukh guigh upwy juyugpus
npnonudikpp skt oquuugnpstym] tupugpph juplnpnipyub wpdtpibpp:

Pninp Ynnkpp hwuwukih ku htwnlyuy hwugtny.
https://github.com/naymaraq/RNN-Visualization.
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I'.A. XAYATPSH, 1.C. KAPAMSIH, T.C. KAPAMSH

OBbSICHEHME PENIEHUI PEKYPPEHTHBIX HEWPOHHBIX CETEM YEPE3
BU3YAJIM3ALIUIO

CoBpeMeHHbIE HEHPOHHBIE CETH MOT'YT alllpPOKCHMHUPOBATH JIFOOYIO CIIOKHYIO (PYHKLHIO.
[TosToMy OHHM MOTYT C BBICOKOH 3(h(heKTHBHOCTHIO paboTaTh B 331a4ax pacro3HaBaHuUs 00-
pazoB, 00pabOTKH €CTECTBEHHOTO sA3bIKa U 1p. [Ipn 3TOM HesicHO, KakuM 00pa3oM HeHpOH-
HBIE CETH OCYIIECTBIISIFOT MPOTHO3KMPOBaHuUE. [l 3TOro He0OXOAMMO MOHATH, KAKHE BXOJI-
HbIE IAHHBIE UTPAIOT BKHYIO POJIb B TIPUHSTHH pellieHuil. B MeuumHCKkoi cdepe BaxHOe 3HA-
YEHUE MMEET MHTEPIPETUPYEMOCTh HEMPOHHBIX ceTell. Hanpumep, eciim HEHpOHHas CETh
MPOTHO3UPYET, YTO y YEJIOBEKAa NMEETCSl KaKOe-TO 3a00JIeBaHNE, TO HEOOXOIUMO BBISCHHUTH,
KaKne BXOJHBIC XapaKTePUCTHKH OKa3bIBAIOT OOJIBIIOE BIMSHUE HA TIPOTHO3.

B pabore caenana nonsIiTKa BU3yaIM3UpOBaTh pabOTy HEMPOHHBIX ceTell. B nccie-
JIOBaHWM HCITOJb30BAIACH PEKYPPEHTHAs HEHPOHHAsl ceTh, OOY4YEHHas MO0 MEJULIMHCKOM
6aze manueix MIMIC-III, koTopast moyiy4aeT JOCTYN K BPEMEHHBIM psiaM KIMHUYECKUX
JaHHbIX MAalUECHTAa B OTACJICHUN pCaHMMaluX U MPOTHO3UPYET BEPOATHOCTL CMEPTHU B OT-
JIENICHNH peaHNMaliy. bpuin afantupoBaHsl 1Ba METOA, pa3paboTaHHbIE [JIs pacllO3HaBa-
HUS N300paskeHuid 1 00pabOTKM €CTECTBEHHOTO A3bIKA [T HEHPOHHBIX ceTell, 00yIEeHHBIX
0 KIIMHUYECKUM JIaHHBIM, U BU3yallM3aLluHl PabOTHI 3THX CETEH.

Kniouegvie cnosa: pexyppeHTHbIE HEWPOHHBIE CETH, I'DaJMEHTHAs BU3YyaJIM3alys,
0o0paTHOE CcII0EBOE pacIpocTpaHeHrne 3HauuMocTH, 60aza marHbx MIMIC-III, knuaIgecKkue
BPEMEHHBIE PAJIbL.

H.H. KHACHATRYAN, D.S. QARAMYAN, T.S. QARAMYAN

EXPLAINING DECISIONS OF RECURRENT NEURAL NETWORKS THROUGH
VISUALIZATION

Neural Networks can approximate any complex function, so they work very well in
many tasks such as computer vision, natural language processing, etc. Despite their
performance, it is unclear, how neural networks incorporate with input features and make
decisions. In particular, we need to understand which input feature plays an important role
in the decision-making process. In medicine, the interpretability of neural nets is very
important. For instance, when NN predicts that a person has some disease, it is necessary to
understand which input features have a great impact on the prediction.

In this work, an attempt has been made to shed light on the work of neural networks
or, in other words, to visualize their work. The study recruited a recurrent neural network
trained on the MIMIC-III medical database, which accesses the time series of clinical data
of the patient in the resuscitation department and tries to predict the probability of death in
the mentioned department. In this paper we proposed an activity that can manage to adapt
two methods developed for image recognition and natural language processing for neural
networks based on clinical data is prposed and visualize the work of these networks.

Keywords: recurrent neural networks, gradient based visualization, layer wise
relevance propagation, MIMIC-III, clinical time series.
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