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CeTn onsa paboTbl ¢ rpaamu

Cpa3sy nocrie Toro, kKak coobLlieHne oTrnpaBneHo,
B roSIOBY NPUXOOAT YMHbIE MbICIIN.

ApTyp KagypuvH
[lpenopaBaTernb




[1naH Ha ceroaHs

1. Message passing
2. PekyppeHTHble ceTu ansa rpagos

3. HenpoHHbIN KOMMLIOTEP

1 ApTyp KagypwH, npenogaBaTtenb
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Graph VAE

P(G|G) by graph matching
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[‘pac MOXXHO nNpencTaBmTb B BUOE MaTPULIbl CMEXHOCTU, MaTPULLb

NPU3HAKOBOIo ONMCaHNs BEPLUVH 1 TEH30pa C npusHakamm peobep.
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[lepenayva coobLLEHUN

Ka>kabi Wwar Bce BepPLUMHbI —

OTNPaBsAOT COOOLLEHNS CBOUM
my(x,) |

cocensiM, nocne 4Yero o6HoOBNAOT

CBO€ COCTOAHMNE B COOTBETCTBU
C noJjiydeHHbIMN HOBbIMI

COOBLLEHNAMMN.

1 ApTyp KagypwH, npenogaBaTtenb




[lepenayva coobLLEHUN

[1lo cyTn, cooblieHne — aTo -
COCTOSIH/E BEPLUVHbI 1 CBONCTBA

my;(x,) l T my, (x,)
pebpa No KOTOpPOMY COOBLLEHNE

nepepnaetcsa. A cCoCTosiHUSA
OBHOBNAOTCSH C NMOMOLL IO
HEVNPOHHOW CETU MPUHNMAIOLLIEN
Ha BXOM COOBLUEHNA N TEKyLLEe

COCTOAHNE BEPLUNHDBI.

1 ApTyp KagypuvH, npenoaasartenb §E%j y
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CBepTKa Ha rpadpax

1

Hidden layer

Hidden layer

ApTtyp KagypvH, npenogasaTersib

HUD = f(HW, A) = o(AHOW)
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[1naH Ha ceroaHs

1. Message passing
2. PekyppeHTHble ceTu ansa rpados

3. HenpoHHbIN KOMMLIOTEP

2 ApTyp KagypwH, npenogaBaTtenb

I\




SMILES ~ <
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JTroboun rpad MOXXHO PEKYPCUBHO 0OOUTU U .
3anuvcaTtb B cTpoky. Camoun 605bLIon B <3N 5
0
NPo6EMON SBASIIOTCA LMKIIbI, N3-3a HUX W Ny b
1 — 5 O
NpuXognTCAa genartb paspesbl 1 NoMeYyaTb "

pebpa ngeHTudpnkaTopamu.
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N1CCN(CC1)C(C(F)=C2)=CC(=C2C4=0)N(C3CC3)C=C4C(=0)O
O THAE a0 =
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hq ho hs hy hs he
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SOS — 1 ] 0 0
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Sg — 1 — 1 Sample + Edge-level Update
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4 7 Node-level Update
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OTUS

Grammar VAE

rammar orm parse tree extract rules convert to 1—-not vectors ma O latent space
SMILES ~ f t t t rul tto 1-hot t to latent
® _ _ &) _ 2) >)
smiles — chaln s smiles — chain [TTTITITTITT] i @
chain — chain, branched atom . . branched =T
chain — branched atom chain chain chain, atom E. | I | | | | | | I | |
branched atom — atom, ringbond chain branched branched - @
branched atom — atom | atom chain ——> " om L . HEEEEEEEE
atom — aromatic organic branched . branched t inabond
o e rom input SMILES | | "3t ——atom,ringbond | | T T W T T T T TTT1] )
- g 7N\ r 2romatic (TT T M TTTTT] &
ringbond —— digit atom  ringbond atom organic
aromatic organic — 'c' | ‘ aroma;ic e I l l | I | | | I | I
aliphatic organic — 'C' aromatic 1 organic -
aliphatic organic — 'N’ organic digit 'clcccecl ringbond — digit [ [ 1| | | [ | | | o
digit — '1' ‘ digit — '1" \
digit — 2' C 1 | | I I ] l I I .:’

2 ApTyp KagypwH, npenogaBaTtenb
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Grammar VAE

SMILES grammar

form parse tree

extract rules

convert to 1-hot vectors

map to latent space

®

(3) 4 5
O/ ) _/ _/
smiles — chain smies smiles — chair [T TITITTT] . @
chain — chain, branched atom _ . . branched -
chain — branched atom chain chain chain, atom E. | l l I | | I | |
branched atom — atom, ringbond chain branched branched . - @
atom .
branched atom — atom | chain — = .. ' L | [ T T 1] | ]
atom — aromatic organic branched . branched t inabond
atom — aliphatic organic atorn\ input SMILES atom :an;;::g o L . HEEE n - .
. . . H
ringbond — digit atom  ringbond atom organic HEEN . L ] | ]
aromatic organic — 'c' l aroma;ic e I l I [ l { | I . | I
aIiAphatiAc organiAc —_— C aromatic digit ' ' .orgamc N .~
aliphatic organic — 'N org«|1mc cleceecl ringbond — digit | [T T T T I [ ] o
digit — '1’ ’ digit — '1" \
digit — '2' 'c' 1 | | l I ] l I | l l .:’

map from latent space

convert to logits

O,

naxlength | _____.

max len
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2 ApTyp KagypwH, npenogaBaTtenb

mask out invalid rules

pop first
A stack non-terminal
3 4)
smiles === smiles === | | [ | |
4=-=""""""
chain = = = = chain ===
4-=""""""
. b hed .
chain, r:?ocme ----cham---" |_| | | I I
branched branched i branched
atom, atom "% atom ==L | E. [ [ [ 1]
atom, ringbond, brg:ocr:edl_t_'_ - atom = = = p»|
aromatic . branched SR '- o
organic, ringbond,  atom - - aorrogrzitilcc =L L P T
ringbond,brgpgrl:]m = = =ringbond ==p{ | | l | | |
4=-=""="="="
digi, Pranched - - - digit = = - T T T ]

sample rule & concatenate
push non-terminals terminals
@ onto stack @ "clcccecl

smiles — chain

-
----- -

branched

) .
chain —bchflf, atom

-

branched
- = atom

branched ____ atom, ringbond

atom -
atom aromagic
. = organic
aromatic '
organic translate
molecule

ringbond — digit
-
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Grammar VAE
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SMILES: npobnembl
O >\\ 0O N/\\/
feppcaliende g

Cclen2¢(CN(C)C(=0)c3cce(F)ce3C)e(C)ne2sl
Cclce(F)eec1C(=O)N(C)Ccle(C)ne2sce(C)nl2

[axke oyeHb NOXOXKMEe ApYr Ha Apyra MOJIEKYbl MOIMyT UMETb
COBEpPLUEHHO pa3Hble KaHOHMYecKne 3anuncu. Npu reHepauum aTo
BbI3bIBAET MPob6aeMbI 1 NPMBOAUT K HECTabunbHOCTU. B 0OCHOBHOM 3Tu
Npob6emMbl BO3HUKAKT N3-3a HANNYMSA LMKITOB U CITOXKHOW CTPYKTYpPb

«a3blka» SMILES. [laBante nséasmmcs oT LNKIOB!
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Junction Tree VAE

Molecule Cluster graph = Junction tree
|

o o

ClI

N
Cluster label N N N N O O ClI s
Vocabulary (] @ @ > O Q\. s & m T

Tenepb, Korga Mbl 4ob6aBuN B CIIOBapb HE TO/IbKO aTOMbI, HO U
NOACTPYKTYPbI N, B 00LeM cnydae, nogrpadbl, Mbl BCErAA MOXXEM

npeanctaBnTb MOJIEKYJ1Y B BUOE OEPEBaA.

2 ApTyp KagypwH, npenogaBaTtenb §K§‘j

I\




Molecule O Tree decomposition
L

Junction Tree VAE o Y — 2 il ol

cl @ ', Clusters
v

CBepTOYHbIi SHKOAEP C MOMOLLbIO ! |

Molecular Junction

anropmuTMa message passing Graph G Tree T
nosly4yaeT NnaTeHTHOE NpeacraB/ieHne ,0 v.
rpaga z;, B TO XXe BpeMs rpad

Sec 2.2 Encod
npeo6pasyeTcsi B aUMKINYECKOe Encode § (Sec 22) neode | (Sec 2.3)

N NN mZg ZT I NN m
O0EepeBO 3a CUYET BblOoeneHns l Decode l (Sec 2.4)
@)
nogrpados 1 eLle oanH SHKOOEP
S N/ Decode

BblOENSAET NPU3HaKn gepesa z; O ; ('Sec 2.5) \0/'

Cl
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Junction Tree VA
@.

ApTyp KagypuvH, npenoaasartenb
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(1) Ground truth molecule (2) Predicted Tree T

Junction Tree VAE

[1pn pekoanpoBaHU OepeBa B

rpad, AN Kaxxaom 3 BepLunvH

npeackasbiBaeTcd TMn noarpada u,
B TOM >Xe nopsiake, B KOTOPOM

Nopo>kaasniocb OepeBOo, 3TU

nogrpadmbl CaMMNINPYIOTCA.

2 ApTyp KagypwH, npenogaBaTtenb




[111aH Ha cerogHs

1. Message passing
2. PekyppeHTHble ceTu ansa rpagos

3. HenpoOHHbIN KOMMbIOTEP

2 ApTyp KagypwH, npenogaBaTtenb
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Differentiable Neural Computer

d Memory usage

a Controller b Read and write heads € Memory and temporal links

=
&=

https://www.youtube.com/watch?v=B9U8s|7/TcMY

3 ApTyp KagypuH, npenogaBaTtenb



https://www.youtube.com/watch?v=B9U8sI7TcMY
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Cnacunoo
3a BHUMaHue!




