bpay3ep kKak nnatdpopmMma ansg
“THXXenbiX" MPUIoXXeHNN



O aBTOpax

MBaH 3aTpaBKUH
Tex nua, niobuTene NOAENNTLCS 3HAHUAMW,

B cBOOOAHOE BpeEMS MULLY UTPbI.



O ueM 6ygeM roeopuTb?

- ®opwmart: case-study
- Wctopua npoekrta

- DBOMOUNS peLIEHUm
- YTo He B3neTeno

- WTormn



DRUGS & RECEPTORS: HOW DRUGS WORK

Drugs most often work by
acting on receptors in the
brain and body. Receptors

are protein molecules in cells

that can receive information

from outside the cell.

~ Receptors are like locks
~ that are activated by a
" matching key.

A drug activates the receptor
by binding to it. The activated receptor then sends
signals to the cell in response to the drug.

but only acts to block
other molecules from
binding with that receptor.

Sometimes a drug
fits into a receptor P \
-~ lf

Neurotransmitters, : B
hormones, and other i
molecules also work by
binding to receptors.

SOMETIMES
DRUGS ACT BY
BLOCKING
A RECEPTOR.

Kak gencreytoT nekapcrsa https://dystonia-foundation.org/on-target-drug-discovery/



https://dystonia-foundation.org/on-target-drug-discovery/

Compound
Collections

Drug Discovery Cycle

Primary Assays
high through-put,
in vitro

Secondary Assays
counter screen, bioavailability
toxicity, metabolism, etc.

l

Lead Compounds
and SAR

Chemical Indirect

Synthesis

Structural
Characterisation of
Protein-Ligand Complex

Linkn paspaboTkm nekapcts https://en.wikipedia.org/wiki/Drug discovery

Clinical

Candidate
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CHEMBL182493 CHEMBL182326 CHEMBL183064

CHEMBL362296 CHEMBL185516 CHEMBL273870 CHEMBL185044

CHEMBL180593 CHEMBL364197 CHEMBL186010 CHEMBL361723

Sas

CHEMBL364539 CHEMBL186195 CHEMBL184657 CHEMBL189617

CTpyKkTypa MOXET ObITb CBsi3aHa C akTUBHOCTbHO. UnntocTpaumst - RGroup decomposition

h

ttps://greglandrum.github.io/rdkit-blog/posts/2021-08-07-rgd-and-highlighting.html
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%

.Lh.', Setavailable calculations
*I-'-'I-!- Names and I[dentifiers

Elemental Analysis
logP
logD
pKa
Major Microspecies
Isoelectric Point
H-bond Donor/Acceptor
Solubility
Tautomerization
Stereoisomers
Charge
Polarizability
Topological Polar Surface Area

Topology Analysis

Compliance Checker

ills  Property Viewer

e

Structure
HN
N =
/ \ = OH
N
H 0
Names and Identifiers
IUPAC (2S)-2-amino-3-(1H-imidazol-5-

yl)propanoic acid

Common names S-histidine; (S)-1H-imidazole-4-
alanine; histidinum; L-B-(4-
imidazolyl)alanin; istidina; His;
(S)1H-imidazole-4-alanine;
histidine, L-; 1H-imidazole-4-
alanine, (S)-; L isomer histidine;
amino-4-imidazoleproprionate;
L-isomer histidine; glyoxaline-
5-alanine; anti-rheuma;
histidine, L isomer; L-B-{4-
imidazolyl)-a-alanin; histidine,

L-isomer

SMILES N[C@@HJ(CC1=CN=CN
1)C(0)=0

InChl INChI=1S/C6HIN302/c7-5(6(1

0)11)1-4-2-8-3-9-4/h2-3 5H,1,7
H2,(H.8,9)(H,10,115-/m0/s1

EH Tat
pKa
947
N HN o4
N
H 0O
1297
Microspecies
+ H3'i+ ;
N
H 0
Microspecies 1

Concentration



https://docs.chemaxon.com/display/docs/discontinued_plexus-suite_calculating-molecular-properties-for-single-compounds.md
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https://openmolecules.org/datawarrior/

O npoeKTe - C Yyero Ha4ynHaem

- JSobpasya 2014 roga

- Bower - MeHeXep NnakeToB
- Gulp ans cbopku

- Vanilla JS onsa nntepdenca
- Pixi.js onsa rpadukos

- D3 anga pacyéTta koopanHat



[Mpexxne yeM HayaTb pedPaKTOPUHT

- Pasbueaem npunoxeHue Ha PpyHKUMOHArbHbIE YacTu
- Cuncrema dounsrpaymm
- Bwnayanusauusa
- XMM-UHGOpMaTMKa

- OnucbiBaeM NHTepencsl X B3anMogencTBns

10



Cucrtema ounbTpauumn

11



CuctemMa punbTpauum

12



Cuctema punbTpauum - 3agaua

- [NponssoanTenbHOCTb Ha BOMNbLUOM KOSTMYECTBE N3MEPEHNI

- [NponssoanTenbHOCTb Ha 6OMNbLUOM KOSIMYECTBE TOYEK

- bonble popmaToB AaHHLIX: CTPOKU, XUMUYECKUE CTPYKTYPbI, OYNNHbI
- [Noppepxka 3anucu, He TONbKO YTEHUS

13



Cucrtema dpunbTpauum - MOXXHO 1M 6bicTpee

- HavanbHasa Touka - 0.1 FPS Ha 100k monekyn

- 1Ghz = 1e9 onepauwni B cekyHOy

- KonnuyecTtBo onepauunim NnoCTOAHHO C YUCNOM 3fIEMEHTOB
- 100 onepaunu Ha OgMH ANTIEMEHT

- 100 000 mornekyn

- 1e9/1e2/1e5=1e2 =100 FPS

- 4 dunbrpacpasy -> 100 fps/4 = 25

14



Fermi Estimate

https://brilliant.org/wiki/fermi-estimate/

15


https://brilliant.org/wiki/fermi-estimate/

UHTepdeinc

type Data = { type Dataset = {
value: number; columns: Column[];
) rows: Row[];
b

type Row = readonly [{ id: number },...Datal]]; type Filter = {

column: number;

type Column = { min: number;

id: number; max: number;

name: string; includeMin: boolean;

idx: number; includeMax: boolean:

b b

16



Cuctema punbTpauum - SQL

cnonb3yem ctangapT ounsrpaummn gaHHbix: SQL

type Filter = {

column: number;

, » SELECT * FROM data WHERE “${column}’ > “${min}"
min: number;

max: number;
includeMin: boolean;

includeMax: boolean;

17



Cuctema punbTpauyum - SQL

1FPS

18



Cuctema punbTpauum - JS

const filterData = (dataset: Dataset, filters: Filter[]) => {

return dataset.rows.filter((row) => {
return filters.every((filter) => {
const value = (row[filter.column]).value;
return (

(filter.includeMin ? value >= filter.min :
: value < filter.max)

(filter.includeMax ? value <= filter.max
);
1)
1)
}

value > filter.min) &&

19



Cuctema punbTpauum - JS

10 FPS

20



CucteMa dpunbTpayum - 6osbLune gaTaceTbl

MokHO nepecynTbiBaTb TOJ1bKO NpaHULbI.

-

~

21



Cucrtema dpunbTpauumn - 6onbluMe gaTaceTbl

10 FPS -> 60 FPS

22



Cucrtema dpunbrpauumn - pobaBneHnEe KOJIOHOK

type Row = readonly [{ id: number },...Data[]];

)] ) -l ) Ee)




Cucrtema punbTpauum - KosioHoyHasa b

type AllData = {
[column: string]: Value[]
Y

type AllData = Row[]

24



Cucrtema dpunbrpauumn

- Kakysegomnatb React o myTtaumnsax?
- CosgaBaTb HOBbIV MacCUB AaHHbIX - 4OPOro
- Proxy!

private originalData

public data = new Proxy(originalData,

{})

25



Cucrtema ¢ounbtpauum - Utor

- [onpo6osanun SQL: 0.1fps -> 1 fps

- [lpocToe peweHwne Ha JS: 1 fps -> 10 fps

- [epecyét rpanuny;: 10 fps -> 60 fps

- [Nepewnn Ha KONOHOYHYIO CTPYKTYPY ANS NErKNX MyTaLnm
- [lepencnonb3yem namsaTtb Yepes Proxy

26



Busyanunsauus

27



Busyanusauua

3apgava:

OT0bpasnTb NHTEPAKTUBHLIN rpacuk
C TOYKaMu

TOYKM MOryT
ncyesaTb/BUAOU3MEHSITLCS BO BPEMS
domneTpaymn

O .".<%.*
¢ O
U e

28



Busyanmauuﬂ - YTO €CTb U3HA4YaJIbHO

- PeweHue Ha PixiJS

- Sprite ons KaxxQon TOYKN

- B Sprite pucyetcsa Graphics ¢ kpyrom

- Ha 100k Touek 100% 3arpyska CPU n 10 FPS npun nutepaktnsee
- 1T'bnoTtpebneHne namatn Ha 100k Toyek npu 4 rpadomkax

- 5 cekyHa Ha gobasrieHne HoBoro rpaduka npm 100k Touek

29
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Milliseconds to complete 10000 elementFromPoint

15000

10000

5000

20000 40000 60000

Bpaysepy ToXxe CloXHO

80000
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BMBY&J’IMB&UMSI - UHTepPaKTUuB

[MpocTpaHCTBEHHbIE CTPYKTYPbI AaHHbIX

https://observablehqg.com/@2talltim/spatial-data-structures-octrees-bsp-and-k-d-trees

32


https://observablehq.com/@2talltim/spatial-data-structures-octrees-bsp-and-k-d-trees

Busyan n3auuni - UHTepakTuB

PeHpep ID B TeKCTypy ‘ #000001

https://webglfundamentals.org/webgl/lessons/webgl-picking.htm

33


https://webglfundamentals.org/webgl/lessons/webgl-picking.html

Busyan n3auuni - UHTepakTuB

- CeTtKka

- [lpocToTa peanusauyun

- OdpdekTnBHO No namaTh - 10k maccmBoB Ans rpadomka
1000x1000

- 60 FPS npun 1% 3arpy3ke CPU

34



Bmyanmauuﬂ - MeaJ1IeHHoe ao6aBeHue I'pad)MKOB

- [lobasneHune rpacdumka Ha 100K ToueK 3aHMMaET 5 cekyHA
- OCHOBHOE BpeMA UAET HA UHNLMaNn3aumio 00bLEKTOB
- Mbl MmOXeM nepeuncnosnb3oBaTb 00beKThl - Object Pool

35



Busyanmauuﬂ - HOTPQGHQHMQ NaMATUN

- 1 GB Ha 4 rpadomka no 100k Touek

- 250 MB Ha rpadouk

- le5Tovek

- 2 float Ha koopauHaThl, 1 Ha uBeT, 1 Ha pa3mep
- 1float =4 byte

- 1e5%6*4 ~=2.4e6 ~=2.4MB

36



Busyanusauusa - WebGL

- Cuutaem koopauHaTtbl To4ek ¢ nomoLbto d3.js Ha CPU
- [lepepaem koopanHatbl Ha GPU

- B dparmeHTHOM WIengepe pucyem kpyr - step(radius, distance(point, center))

37



Busyanusauusa - WebGL

PaHbLwe 66110 nyylle

38



Busyanusauusa - WebGL

smoothstep(radius, radius + 6.005, len);

1.0}

0.8¢

-2 -1 1 2

https://resources.wolframcloud.com/FunctionRepository/resources/SmoothStep 39



https://resources.wolframcloud.com/FunctionRepository/resources/SmoothStep

Busyanusauusa - WebGL

BonbLioe KoNMMYecTBO TOYEK pa60TaeT mMeaneHHo

40



Busyanusauua

drawElements no3sonsieT nepencnonb3oBaTtb 06LME BEPLUNHDI

© @ 2@ @

@

® @
® @ @ @

https://webglfundamentals.org/webgl/lessons/webgl-indexed-vertices.html

41
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Busyanusauua

[OybnunpoBaHne gaHHbIX

Color=Blue
Size=10

Color=Blue

Size=10

@

©)

Color=Blue

Size=10

Color=Blue
Size=10
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Busyanusauua

drawElementsinstanced

40 FPS

Color=Blue
Size=10

Color=Red
Size=10

@

®

@

®
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THEN WELL'SHIP YOUR MACHINE



Busyanusauua

WARNING: Too many active WebGL contexts. Oldest context will be lost.
OrpaHunyeHHoe konndectBo WebGL KOHTEKCTOB

Mcnonb3oBaHue o6LLEero KOHTEKCTa Ans Bcex rpadonkos.

45



Busyanusauua

ERROR: Too many attributes
gl.getParameter(gl. MAX_VERTEX_ATTRIBS) -> 8

Packing data in textures!

46



Busyanusauus - Texture Packing

TIP: use 2*N size

COLORS

COLORS

47



Busyanusauua - Utor

- PeanusoBanun MHTEPAKTUB C MOMOLLIbIO CETKK

- Hanucanu peHgep Ha WebGL

- [Monyuunnock 6bICTPO

- [locne onTuMmusaumm - 6bICTPO 1 Ha BonbLIMX HAabopax AaHHbIX
- [lpobrnembl c gpanBepamm BUAeOKapThl Tenepb U B bpaysepe

- Safari-06onb

- O63aBenucb Napkom yCTPOWCTB ANA TECTUPOBAHUA

- MHTerpaunoHHOEe TECTUPOBAHUE - CIIOXKHO

48



XuMuHpopmMaTmka
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XuMnHpopmMaTumka

- OunbTpauns No CTPYKType
- [logceeTka pparmeHTOB

- Pacuét cBouncts

- J[lekomnosnuus

CHEMBL183064 CHEMBL361038

CHEMBL362296 CHEMBL185516 CHEMBL273870 CHEMBL185044

CHEMBL180593 CHEMBL364197 CHEMBL186010 CHEMBL361723

H
CHEMBL364539 CHEMBL186195 CHEMBL184657 CHEMBL189617

50



XuMmunHopopmatuka - RDKit

@rdkit/rdkit
INDEX

Interfaces

(1) JsMol (1) RDKitModule (1) SubstructLibrary
(1) SubstructLibraryConstructor

Type Aliases

T ) JSONString T ) RDKitLoader T ) RDKitLoaderOptions




XuMunHpopmMaTumka

using namespace emscripten;
EMSCRIPTEN BINDINGS(RDKit_minimal) {

register_vector<std::string>("StringlList");

class_<JSMol>("Mol")

.function("is_valid", &JSMol::is_valid)
. function("has_coords", &JSMol::has_coords)
.function("get_smiles", &JSMol::get_smiles)
.function("get_cxsmiles", &JSMol::get_cxsmiles)
.function("get_smarts", &JSMol::get_smarts)
.function("get_cxsmarts", &JSMol::get_cxsmarts)
. function("get_molblock",

select_overload<std::string() const>(&JSMol::get_molblock))
. function("get_molblock",

select_overload<std::string(const std::string &) const>(

&JSMol: :get_molblock))




XuMunHpopmMaTtumka - emscripten

HocTyn Kk yHKumnam ns C++ B bpaysepe #include <emscripten/bind.h>
using namespace emscripten;

float add(float a, float b) {
return a + b;

EMSCRIPTEN_BINDINGS (my_module)
function("add", &add);

53



XuMunHpopmMaTumka

Cbopka

./emcc app.cpp

54






XnMuHdpopMaTmnKa - o6MeH gaHHbIMU

- O6meH JSON mexay JS nuWASM

- Mol ncnonbsyem https://rapidjson.org/ Ha ctopoHe C++
- OTO HEAd(PEKTMBHO, HO MPOCTO M DbICTPO peanmsoBaTb
- Jlyywmin BapmaHT BO3MOXEH ¢ protobuf

56


https://rapidjson.org/

XuMuHdopmMaTtmnka - npob6sieMbl COOPKU

- Cbopka saHumaet 15 MuHyT

- XpaHeHue aptedakTta B Koae

- [lapannenbHble Npbl ToMakoT apTedakT
- bpaysepHbIn KoL nomMaeT apTedrakT

57



XnMuHdpopMaTmKa - NPon3BoaNTENIbHOCTb

- PacyéTt xMmMmn4yecknx CBOMCTB 3aHMMaET 40 1 MUHYTbI
- M3obpakeHna monekyn nosiBrsgTCs C 3a4epXXKOon
- R-Group decomposition dopnsnt nHTepdgenc

58



XuMmnHopopmatuka - WebWorkers

/

Main Thread

~

-

~

Cheminformatics

\_

Worker

J
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XumuHopopmatumka - Worker Pools

-

Main Thread

~

-

Short-lived pool

Ve

~

-

~N

Ve

~N

Chemlinfo Chemlinfo Cheminfo
\\§ J - J \\§ J
4 N\ (" N 4 N
Chemlnfo Chemlinfo Cheminfo
K\ J - J \\§ y
/f 1 4 N\ ( \\
Image Image Image
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XumnHpopmartuka - Worker Pools

-

Main Thread

~

;
=3
L

we |

e |

400 Mb



XumnHpopmartuka - Worker Pools

1200 Mb

~
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XumnHpopmartuka - Shared Workers

const imageWorker = new SharedWorker("worker.js?id=N");

/

Main Thread

~

)

-

~

400 Mb

..
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XuMmunHopopmatuka - Image Worker

3aBucLine criMHepbl n3-3a 6akrpayHa
3agad
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XumuHpopmatuka - Read-Only replicas

- [Insa yckopeHnus oocTtyna K AaHHbIM Mbl XOTUM co3aaTtb Read-Only konum
- B emscripten npospayHo paboTtaet SharedArrayBuffer

- SharedArrayBuffer 3abnokunposaH CSP nonutukamm

- MoxHO KonnpoBaTb NAaMATb MOAYNA PyKamm

65



XuMunHpopmMartumka - UTorm

WASM pabotaet

DX cTtpagaet

dunun
PeHpep monekyn
[Nownck
[lekomno3unuyus
Pac4éT cBOMCTB

e

Main Thread

~

)

\

U0

U0
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YTO He nonyuyunocob
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OunbTpauus Ha SQL

- WebAssembly - BupTyanbHada malumHa
- WebAssembly paboTtaeT napannensHo c JS (register pressur:
-  MeaneHHbI obMeH AaHHbIMUK € JS

https://www.usenix.org/system/files/atc19-jangda.pdf

68
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OunbTpauuns gaHHbix B WebWorker

- Henogxopswime nHtepdencbl (OHM CUHXPOHHbIE)
- [lybnvpoBaHue gaHHbIX Ha KaXXabli BOPKEP -> BbICOKOE NOTPeDbneHne namsaTtu
- HyxeH obuwmn k3L Ha BCe BOPKepHbI

69



POunbTpauuns gaHHbix B WebGL

- JT0 BbICTPO

- Ho cuutaTb gaHHbIe 06paTHO MeaneHHo

- Cuutatb gaHHble - O(N), bunstpaumsa Toxxe O(N) n KOHCTaHTa He CUMNBbHO
oTnnyaeTcs

- BoamoxHo B WebGPU 6yaet nydiue

70



NTtormn
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UTorun

- OddekTnBHO pabotaem ¢ bonbLUMMN 06 beMaMM aHHbIX
- PeanusoBanun xummnHgopmMaTuky BHyTpu bpaysepa

- MHoronoTo4Hoe NpunoXXeHne ¢ CEPBMCHON apXNUTEKTYPOU Ha KITMEHTE B
bpay3epe
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[Tone3Hble MaTepuanbl
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NMonesHble MaTepunalibl

WebGL

Branchless programming: https://en.algorithmica.org/hpc/pipelining/branchless/
BeeneHue B WebGL: https://webglfundamentals.org/

Shadertoy: https://www.shadertoy.com/

Glsify: https://github.com/glslify/glslify

React Three Fiber: https://docs.pmnd.rs/react-three-fiber

WebAssembly

Showcase: https://madewithwebassembly.com/

WebAssemny iNtro: https://hacks.mozilla.org/category/code-cartoons/a-cartoon-intro-to-webassembly/
WebAssembly performance: https:/www.usenix.org/system/files/atc19-jangda.pdf
SIMD: https://en.algorithmica.org/hpc/simd/

Ul: egui, blazer
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