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TL;DR

O yeM 6yay roBopuTb:

e YTO Takoe Digital Pathology 1 Kakme TaM eCTb YeneHaxxum
e YT10 Takoe Whole Slide Image?

e Openslide + Go

e Peanmsauma Deep Zoom Generator

e ONTMM3ALUUMSA NPOLLECCUHIA N30OPaAXKEHNN
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TL;DR

O yeM 6yay roBopuTb:

e YTO Takoe Digital Pathology 1 Kakme TaM eCTb YeneHaxxum
e YT10 Takoe Whole Slide Image?

e Openslide + Go

e Peanmsauma Deep Zoom Generator

e ONTMM3ALUUMSA NPOLLECCUHIA N30OPaAXKEHNN

O yeM HE 6yany rosopuTb:

e ONTMM3aAUUMA XpaHEHNA N aNTOPUTMbl CXKaTU4A

e VIHPpaCTpyKTYypHble peleHna ¢ SSD Caching, tmna ZFS,
bcachefs n tn

e Hu cnoBa npo Al
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JKCnpecc-Kypc B
Digital Pathology



Pathology

YeM 3aHMMAKOTCH NATO/IOroaHATOMbI

e OnpenensatoT MNPUYMHbI CMEPTU
e [TpOM3BOOAT BCKPbLITUSA
o [1pyron MpauHaK ee




Pathology

YeM 3aHMMAKOTCH NATO/IOroaHATOMbI

e OnpenensatoT MNPUYMHbI CMEPTU
e [TpOM3BOOAT BCKPbLITUSA
o [1pyron MpauHaK ee

Yem HAC CAMOM O ENE 3aHMMaOTCA NaToNIoroaHaToMbl

e liccnegoBaHMe rMCTONOMrMYECKMX CPE30B TKAHEM XNBbIX
nogen, 4Tobbl MOCTaBUTb UM ANArHO3
e 90% pPaboTbl — OHKOMOM4A
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Histology

Mpouecc rmcroniorn4ecKoro nccnegoBaHus

3abop 6MOMNCUMMHOIro MaTepmana

e [lernppatauma MaTepuana

3anunTb B NapadpmHOBbLIN BNOK

Hape3ka Ha criancbl TOMWLWMHOWM HECKOTbKO MUKPOH
OKpacka

[ToMeLlleHne noa CTeKso

N3yueHne TKaHM B MUKPOCKOTM
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Histology

OcHOBHadA uenb
HanmncaTb aKCnepTHOEe 3aK/to4YeHme

OCHOBHOM CNOCO6 ANArHOCTUKM PaHbLUE
IMarHoCTmMKa 4epe3 MUKPOCKO

OCHOBHOM CNOCO6 AMArHOCTUKM cenyac
CKaHMpyeM 1 AMarHoCcTmpyeM 3a MOHMTOPOM




Image Analysis 10

Tissue-level
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Image Analysis

Tissue-level
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Image Analysis 12

Tissue-level Object-level Pixel-level




Computational pathology

https://www.sciencedirect.com/science/article/pii/S2153353923001712
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https://www.sciencedirect.com/science/article/pii/S2153353923001712

Challenges

MeTabanTbl AaHHbIX

e 1000 CKaHMPOBaAHWNW B OEHb
e Pasmep dpamna ~1.7GB
e TTL pamnaorloo5ner




Challenges

MeTabanTbl AaHHbIX

e 1000 CKaHMPOBaAHWNW B OEHb
e Pasmep dpamna ~1.7GB
e TTL pamnaorloo5ner

CKopoCTb AocTyna

e Bpay He JomKeH BUOEeTb
apTedaKToB NPU MNPOCMOoTPE
N300parKeHUs

e 95% Latency <50ms

e 3aBMCUMOCTb OT I/O




Challenges

Henb38a BbI6GpaTb TPU U3 TpeX

e [lonroBpeMeHHoe HagexXHoe XpaHunuuie Ha ~ 5PT
e BbiCcOKaa CKOPOCTb OOCTyMna
e [lellleBO
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Challenges

Henb38a BbI6GpaTb TPU U3 TpeX

e [lonroBpeMeHHoe HagexXHoe XpaHunuuie Ha ~ 5PT
e BbiCcOKaa CKOPOCTb OOCTyMna
e [lellleBO

Nnu MOXXHO 3TO AenaTb He OAHOBPEeMEeHHO0?

el loaArotaBNMBaTb OPUTMHaASbI |/|3o6pa>1<eHM|?|
el/ICNONb30BaTb ropayumne 1 xo1ogHble XpaHnInmLla
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Hot & Cold Storage



Hot & Cold Storage

Y10 3T10?

e Cold Storage — [lonroBpeMeHHoE
dannoBoe XxpaHUIMLLE C HU3KUM I/O
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Hot & Cold Storage

Y10 3T10?

e Cold Storage — [lonroBpeMeHHoE
dannoBoe XxpaHUIMLLE C HU3KUM I/O

e Hot Storage — Hebonblloe, HO O4YeHb
NPOoM3BOAMTENBHOE XPaHUIMLLE

20

@3 GoFunc



Hot & Cold Storage

Y10 3T10?

e Cold Storage — [lonroBpeMeHHoE
dannoBoe XxpaHUIMLLE C HU3KUM I/O

e Hot Storage — Hebonblloe, HO O4YeHb
MPOM3BOOUTENBHOE XPaHUMLLE

e Bce pamnbl nexxaT Ha Cold, HO BO BpeM4
PaboTbl NepeHocaTca Ha Hot, a nocne
OYMLLAOTCS
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Hot & Cold Storage

Tile Generator

Slide Loader

Hot Storage
(Local FS)

Cold Storage
(S3/NFS)
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A KaK XpaHUTb TO?



Save to...

BO UTO KOHBEpPTUTDL?

-> KoHTenHepHble popmaTbl — DICOM SM, TIFF, OME-NGFF
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Save to...

BO UTO KOHBEpPTUTDL?

e KoHTeMHepHble popMaTbl — DICOM SM, TIFF, OME-NGFF
=> ba3bl ona xpaHeHuna TamnoB — MBTiles, TileDB, etc
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Save to...

BO UTO KOHBEpPTUTDL?

e KoHTeMHepHble popMaTbl — DICOM SM, TIFF, OME-NGFF
e Ha3bl onga xpaHeHumsa TamnoB — MBTiles, TileDB, etc
=> ... MPOCTO TaWslbl, KOTOPbIE 3aMpPoCuT Bpay?
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Save to...

Ba)xHoO

=> [1o gaHHbIM OSM npocMaTpmBatoT TONMbKO 1.79% BCcex
TAaWIOB Ha KapTe

CaMbl MONyNapPHbIA Tall B MUpe —

27

@3 GoFunc



Save to...

Ba)xHoO

e [10 naHHbIM OSM MpocMaTpmBatoT TONMbKO 1.79% BCcex
TAaWIOB Ha KapTe

=> Bpayum He nyyqyuie, OHM HMKOra He NnoCMOTpPAT BCe Taunnbl
B OAHOM I/I306pa)+(eHl/ll/I

CaMbIM NONYNAPHbIV Tall B TMCTONMOMMMN —
(OH MPO3PAYHbIV)
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Challenges

Ba)xHoO

e [10 naHHbIM OSM MpocMaTpmBatoT TONMbKO 1.79% BCcex
TAaWIOB Ha KapTe

e Bpauunm He nyyqyuie, OHM HMKOra He NnoCMOTpPAT BCe Taunnbl
B OAHOM I/I306pa)+(eHl/ll/I

OoOnTnManbHO

e XpaHuUTb B egnHoM popmMaTe — DICOM SM
e //IMeTb BPEMEHHbIN K3LU TaWMOB OJ19 aKTUBHbIX
N3006paXKeEHUI
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Whole Slide Image



Whole Slide Image

WSI:

e Cooep»kaT BCE, UTO MOXKHO YBUOETb B MUKPOCKOT

e [TpencrtaBnatoT cobom pamn B BUOE KOHTEMHEPa, rae:
o JlexkxaT HeCKOMbKO M306paXXeHMIM ¢ pa3HbiIM magnification
o MoyKeT 6bITb 06O popMmaT CKATUSA
o MoxkeT ObITb Ntobaga cneumdmnKa BeHaopa
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Whole Slide Image

Thumbnail

e Single Frame
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Whole Slide Image

Thumbnail

e Single Frame
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Intermediate
e Multi frame

e Single object




Whole Slide Image

Thumbnail

e Single Frame
e Single Object

Intermediate

e Multi frame
e Single object

Baseline

e Multi frame
e Multi object
(z-plane/color plane)
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Single Frame Image
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Single Frame Image
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Single Frame Image
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Single Frame Image
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Single Frame Image
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Multi Frame Image

image tiles
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Multi Frame Image

P

image tiles
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Multi Frame Image
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Multi Frame Image
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Multi Frame Image
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Whole Slide Image

Proprietary File Formats

e Aperio: *.svs, *.afi

e Hamamatsu: *Nndpi, *.ndpis
e leica: *scn

e Mirax: *mMrxs

e \Ventana: * bif, *.tif
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Whole Slide Image

Proprietary File Formats

e Aperio: *.svs, *.afi

e Hamamatsu: *Nndpi, *.ndpis
e leica: *scn

e Mirax: *mMrxs

e \Ventana: * bif, *.tif

Universal format

o TIFF @&
¢ DICOM SM
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Whole Slide Image

Proprietary File Formats

e Aperio: *.svs, *.afi

e Hamamatsu: *Nndpi, *.ndpis
e leica: *scn

e Mirax: *mMrxs

e \Ventana: * bif, *.tif

Universal format

o TIFF @&
¢ DICOM SM

EcTb Tonbko Openslide 1 Open Microscopy
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Openslide vs OME

Openslide

e HanwmcaH Ha C
e CTaplLue Bcex
e ®dokyc Ha PFF
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Openslide vs OME

Openslide

e HanwmcaH Ha C
e CTaplLue Bcex
e QPokyc Ha PFF

Open Microscopy Environment

e HanwmcaH Ha JAVA
e CoBpeMeHHbI dopMaT, KOTOPbIN pa3BMBaeTcs, HO...
e (DoKyC Ha VHUBepcalbHOM dbopmaTe

49
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https://www.openmicroscopy.org/2019/06/25/formats.html

Openslide

NMouemy Mbl popKHynu Openslide

e licnpaBumnu pan 6aros, KOTopble Yy HAaC CTPeNnanmu
e Pacwupumnum noggep>xky DICOM
e Pacwmpwunum nogoepxkky Color Plane/Z-Plane
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Openslide + Go



Go Bindings
package openslidego

// #cgo CFLAGS: -I/usr/include/openslide
// #cgo LDFLAGS: -lopenslide

// #include <stdio.h>

// #include <stdlib.h>

// #include <stdint.h>

// #include <openslide.h>

import "C"



Go Bindings

type WSI struct {
ptr *C.openslide_t
}
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Go Bindings 54

type WSI struct {
ptr *C.openslide_t
}

func Open(filename string) (WSI, error) {
cFilename := C.CString(filename)
defer C.free(unsafe.Pointer(cFilename))
data := C.openslide_open(cFilename)
if data = nil {
return WSI{nil}, errUnrecognized

}
return WSI{data}, nil
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Go Bindings

type Slide interface {
LevelCount() int32
LevelDimensions(level int32) (int64, int64)
ReadRegion( ... ) (image.Image, error)
BestLevelForDownsample(downsample float64) int32
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Go Bindings

type Slide interface {
LevelCount() int32
LevelDimensions(level int32) (int64, int64)
ReadRegion( ... ) (image.Image, error)
BestLevelForDownsample(downsample float64) int32

}

// npumep peanusauum meTona
func (s slide) LevelCount() int32 {

return int32(C.openslide_get_level_count(s.ptr))
}
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Go Bindings 57

NUtToro

e [lonyuymnnun 6nHOMHIM ang padoTtbl ¢ Openslide
e HoO He nony4Yunnum Koaa ang npeobpasoBaHUA

«¢ NlocMOTpeTb KoAa.

https:/aithub.com/ekonechny/gopenslide

)Y GoFunc
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Deep Zoom Generator



Deep Zoom

DZI

e Cneumndukauma gn4a
npocMoTpa HQ-n3o6pa)xeHni

e Heobxoomm ans 3arpy3Kum
M306parkeHnsa B BMOE TauUoOB

e Zoom c DZ| He cCOOTBETCTBYET
Zoom c WSI

e Ka)kObl CieQyoLLnNn YPOBEHDL
B MMpaMumae TannoB B ABa pa3a
6oblle cnegyroLlero
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60

Deep Zoom Generator

nibl

Ao

Kak nony4yumTb Bce Ta

-> I'IonyqaeM BCe YPOBHU pa3pelleHNH B

MCXOOHOM danne



Deep Zoom Generator 6

Kak nonyunTtb Bce Tannbl

e [Tony4yaeM Bce YPOBHW pa3pelleHna B
MCXOOHOM danne

= Bblumcnaem “BmpTtyalnibHble” YPOBHU —
Deep Zoom Levels 1 onpenenaem
KOJTMYECTBO TaU/TOB Ha KaXXOOM U3 HUX




Deep Zoom Generator 62

Kak nonyunTtb Bce Tannbl

e [Tony4yaeM Bce YPOBHW pa3pelleHna B
MCXOOHOM danne

e BbiumcnaeM “BupTyanbHble” YPOBHU —
Deep Zoom Levels 1 onpenenaem
KOJTMYECTBO TaU/TOB Ha KaXXOOM U3 HUX

- [Mpounssoamm Downsampling — ong
Kayxgoro Deep Zoom Level
onpenensaem peanbHbIN YPOBEHDL U
KO3PPUNLUMEHT CxKaTU4A
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Deep Zoom Generator 63

Kak nonyunTtb Bce Tannbl

e [Tony4yaeM Bce YPOBHW pa3speLlleHns B
MCXOOHOM danne

e BbiumcnaeM “BupTyanbHble” YPOBHU —
Deep Zoom Levels 1 onpenenaem
KOJTMYECTBO TaU/TOB Ha KaXXOOM U3 HUX

e [TpomssognmM Downsampling — on4a
Kayxgoro Deep Zoom Level
onpenensaem peanbHbIN YPOBEHDL U
KO3PPUNLUMEHT CxKaTU4A

-> 3anycKaeM 06Xoa KaXKaoro ypoBHA U C
MOMOLLbIO AAaYHCEMITMHIA MOSTy4YaeMm
Ka)XOblW TaW/
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Deep Zoom Generator 64

func newDeepZoom( ... ) *deepZoom {
// Monyyaem Bce YypoOBHU
levels := getLevelDimensions(slide, limitBounds)

// KonuuectBo ypoBHelu gna DeepZoom
deepZoomLevels := getDeepZoomLevels(levels[0])

// Onpegensiem Konu4ecTBO Tai/10B MO BbICOTE U WHPUHE
tileLevels := getDeepZoomTileLevels(tileSize, deepZoomLevels)

// mannum KoopauHaTel ¢ DeepZoom Ha peasibHble YPOBHU
downsamples := generateDownsamples(slide, tilelLevels)

return &deepZoom{ ...}

S
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Profiling &
Optimizations



Benchmark

func BenchmarkReadTiles(b *testing.B) {
tests := []struct{... }{

{basename: "SOFT tissue vv-005.svs"},
}
for _, test := range tests {
require.NoError(b, err, ...)
b.Run( ..., func(b *testing.B) {
err := readTilesWorker(ctx, t.basename)
require.NoError(b, err)

P
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Benchmark 67

BenchmarkReadTiles/CMU-1-Small-Region.svs_1.9 MB_ th20-8

1000000000 0.5279 ns/op 1B/op 0 allocs/op
PASS

ok gitlab.histoint.net/histo/tools/openslidego/benchtestv2 17.164s

17.164s - He oK

GoFunc
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Benchmark 68

gen, err := openslidego.New( ... )
if err %= nil { ...}

jobsCh := gen.Iter(ctx)

g, gCtx := errgroup.WithContext(ctx)
for i := 0; i < threadsCount; i+ {
g.Go(func() error {
return readTilesWorkerPoolWorkerFunc(gCtx, gen, jobsCh)

1)
}
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Benchmark

BenchmarkReadTiles/CMU-1-Small-Region.svs_1.9 MB_ th20-8
1360151959 ns/op 1716105936 B/op 4242 allocs/op

PASS

ok gitlab.histoint.net/histo/tools/openslidego/benchtestv2 1.661s

1.661s - Ha 128 KOHHeKTax oK™/
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TCMAIlloc

Ho6aBngaemMm TCMAIlloc

LD_PRELOAD=/1ib/x86_64-1inux-gnu/libtcmalloc.so.4
go test -bench=. -benchmem -timeout 30m -test.bench
BenchmarkTileGenerators ./benchtestv2
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Profiling

Bknioyaem pprof
import (
_ "github.com/restream/reindexer/v3/pprof"
)
3anyckaeMm ¢ HEAPPROFILE

HEAPPROFILE=/tmp/pprof
go test -bench=. -benchmem -timeout 30m -test.bench

BenchmarkReadTiles ./benchtestv2

CHuMaeMm npodunb

pprof -symbolize remote .. /debug/pprof/heap

71


http://localhost:6060/debug/pprof/heap

Profiling

Ca3tanuMm TecCT

e File:1.7GB

e JPGC 90%

e 100 goroutines

e Disable swap

e Drop page cache

72
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Profiling

Ca3tanuMm TecCT

e File:1.7GB

e JPGC 90%

e 100 goroutines

e Disable swap

e Drop page cache

[MporoHgeM Ha SSD - ~120s
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Profiling

Ca3tanuMm TecCT

e File:1.7GB

e JPGC 90%

e 100 goroutines

e Disable swap

e Drop page cache

[MporoHgeM Ha SSD - ~120s
[MporoHaemM Ha tmpfs — ~120s

74




Profiling

Ca3tanuMm TecCT

e File:1.7GB
e JPG 90%
e 100 goroutines

o Disableswap — He Ha[o TaK genaTb
o Drop-page-cache — N TaK TOXKe He CToOUT

75
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Profiling

Ynupaemcs He B I/O

® C MHOIO Ha Npeobpa3oBaHMe B
png/jpg/webp

e ReadRegion B OpenSlide He
OMTUMMNANbHbIN

openslide_benchtest
encodelmg
0 of 713.93s (13.31%)

363.40s

openslide_benchtest
processTile
0 of 5363.40s (100%)

713.93s 4649 .40s

openslidego
(*DeepZoomGenerator)
Read
0 of 4649 .40s (86.65%)
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Profiling

\ 4

runtime
cgocall

4609.92s (85.92%)
of 4609.94s (85.92%)

openslide_benchtest.test

77

‘encodelmg

jpeg.Encode

jpeg.(*encoder).writeSOS

1.49hrs (100%)

writeBlock ____ rgbaToYt
emitHuffRL div

emitt em asyi

emi

root

errgroup.(*Group).Go.func1

openslide_benchtest.processTilesWorkerPool.func1

openslide_benchtest.processTilesWorkerPoolWorkerFunc

openslide_benchtest.processTile

openslidego.(*DeepZoomGenerator).Read

encodelmg

openslidego.ReadTileFromSlide

jpeg.Encode

openslidego.Slide.ReadRegion

jpeg.(*encoder).writeSOS

openslidego.Slide.readRegion writeBlock _ _rgbaTovt
openslidego.Slide.readRegion.func2 sl div__ || |
emitt em asyt

openslidego._Cfunc_openslidez_read_region

runtime.cgocall

emi



Profiling

78

root

/tmp/go-build474858361/b001/benchtestv2.test@46de23

_cgo_f3dc0c234a0a_Cfunc_openslidez_read_region

/lib/x86_64-linux-gnu/libopenslide.so.1@7f905c255¢c5¢

/lib/x86_64-linux-gnu/libopenslide.so.1@7f905c2630f0

Nlib/x86_64-linux-gnu/libopenslide.so.1@7f905c25ed88

/lib/x86_64-linux-gnu/libopenslide.so.1@7f905c25e457

/lib/x86_64-linux-gnu/libopenslide.so.1@7f905c25e144

/lib/x86_64-linux-gnu/libopenslide.so.1@7f905c264617 $0.1@7f905c264561 50.1@7f905c264543 s0.1@7f905c264650  1@7r905c2
s0.1@7f905c2643d5 1@7f905c264174 1@7f905c2642df 1@71905c2643C 1@71905¢2 1@71905c2 1@  cairo_paint 2@7f905b840bce 2@7f905b840be5 1@7/905c2 1@7f905¢2 1@7f905¢2 g_malloc
s0.1@7f905¢257cc9 1@7f905¢2 1@71905c2 1@7f905c2 jpeg_CreateDecompres 1@7f305c2 1@ 1@71905c2 jpeg_read_|1@  $0.2@7f905b835de9 0@7f905aec7aef 2@7f905b840788 g_malloc g_malloc g_malloc
jpeg_start_decompress g_malloc fopen  g_malloc0 jinit_memor jinit_marker 62@71905b 1@ g_mallocO jpeg_consu 1@  $0.2@7f905b87717
jinit_master_decompress 62@7f905b fsee 62@7f905b fsee  50.2@7f905b82d890
jinit_d_main_controller 62@7905bjinit_d_coef o, 62@7f905b _I0,  50.2@7f905b872b8f
50.62@7f905b01ba3e 62@7f905b 62@7f905b | - 62@7f905b _I0,  50.2@7f905b87236f
$0.62@7f905b01b87a  jpeg_make. _lo, 62@7f905b 10, 2@7f905b83fec5 2@7f905b83fef0

62@71905b 2@7905b83f70c

0@7f905aec7aef



BMecCTO 3aK/NIoUYeHUs



JKCNepUMEeHTDbI

CoppW, HO cendac byayT
LLIaKanbl ...
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JKCNepUMEeHTDbI

. Artem Prikhodin 2:21 PM
HoBbI1 MMpOBOWM pekopA, nNpoLLeccuHra - 4ré cnang 3a 56 cekyHp,

image.png ¥

. Artem Prikhodin 5:23 PM
[MpoLwbi MMPOBOM peKopd, OTMEHSETCS, HOBbIN Tenepb 48 cek Ha 4r6 cnang, (edited)

image.png ¥

Artem Prikhodin 5:41 M
3.1 r6 ndpi c gemo2 c 64k Tannamm 3a 31 cekyHay

image.png ¥
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BbiBOAbI

YTOo nonyuunnu

e [locTnrNn cTabuibHbiX ~90s onga
MNOOrOTOBKN N306paXeHUs

e OTCKENNUIV MPOLUECCUHT a4
6onblUero konnyecTtsa anioB
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BbiBOAbI

YTOo nonyuunnu

e [locTnrNn cTabuibHbiX ~90s onga
MNOOrOTOBKN N306paXeHUs

e OTCKENNUIV MPOLUECCUHT a4
6onblUero konnyecTtsa anioB

Bonpocbl U rmnoTes3bl

e Rust 6biCTpeg, HO ClIO)KHEe &
e [lepexon c CPU Ha GPU?
e Kak oTKa3aTbca oT Openslide

83
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Mo)anymucra, ocTa
BbTe dMA63K

EBreHnmn KoHeYHbIM
Uzum Tezkor



