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Non-invasive Prediction Method for Molecular Subtype of
Glioma

Abstract: Glioma is the primary malignant tumor with the highest incidence
among brain tumors. By detecting the molecular markers of tumor slices, the
molecular subtype of glioma can be determined, so that the characteristics and
clinical prognosis of glioma can be judged more accurately, and personalized
plans can be selected according to different molecular classifications. However,
it is not easy to obtain tumor-rich tissue samples to accurately determine the
status of molecular markers, and it is of greater clinical significance to
determine the molecular classification earlier before surgery. Therefore, this
article has carried out an in-depth study on predicting the molecular typing task
of glioma based on heterogeneous non-invasive information such as MRI and
basic patient information. The specific work content is as follows:

1. In this paper, the research status of predicting glioma molecular typing
based on non-invasive information is analyzed. Considering that the prediction
method of molecular markers usually needs to manually delineate the region of
interest (ROI), the prediction molecular markers are transformed into ROI
segmentation algorithm and classification algorithm based on multimodal
information, which provides a feasible standard process for predicting glioma
molecular typing based on non-invasive information .

2. The influence of the input image mode (whether it is necessary to outline
ROI), classification network skeleton and multimodal information fusion
position of the model on the prediction accuracy of mutation state of isocitrate
dehydrogenase (IDH) was explored, and the importance of ROI as additional
input for predicting molecular typing is proved. A variety of multimodal fusion
networks are designed to predict the mutation state of IDH. The best model can
achieve the result that the area under the receiver operating curve (AUC) is 0.87,
which is better than the mainstream fusion methods.

3. In order to solve the problem that the prediction method of glioma
molecular markers usually needs to manually delineate ROI, a semantic
segmentation network architecture search framework named nasbranet is
proposed based on clinical glioma segmentation data set. The purpose is to



achieve fast and accurate automatic ROI segmentation. In this chapter, the
accuracy and speed of clinical glioma MRI image segmentation need to be
considered. Through the multi branch selection mechanism, the teacher network
with higher segmentation accuracy can be searched. By introducing extended
coefficient search and delay regularization, the efficient architecture search of
student network 1s realized. The knowledge of the teacher network is effectively
transferred to the student network through the joint search and knowledge
distillation of the teacher student network. Finally, an efficient segmentation
network is obtained, which is better than the mainstream algorithm in
comprehensive performance.

4. In order to solve the problem that the prediction methods of glioma
molecular markers usually need to draw the ROI manually, a new multimodal
deep learning network (KiNet) is proposed to predict the Ki67 index of glioma
noninvasively based on multimodal MRI and heterogeneous metadata (age,
gender). The network uses two additional branches to extract the features of two
modal MRI images. In the main branch, multi-level additional branch features
and heterogeneous metadata are fused, and multi-scale loss monitoring network
training process is introduced. For the first time, the network realized the non-
invasive prediction of Ki67 index of glioma without ROI, and achieved the
result of AUC 0.78. Through this method, doctors hope to obtain the Ki67 index
of glioma before surgery, so as to develop a more effective treatment plan.

Figure 23, Table 14, Reference 99.

Keywords: Glioma; Molecular subtype; Radiogenomics; Lesion segmentation;
Multimodal heterogeneous learning
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N> 43 AIE ResNet50, ResNeSt50 F2Y FixE 6 X B SISk Titill IDH KA, FFARYEAH
KV T bR HEAT VA 45

3.3.2 BRI ARMA

FEHT SR BATAL B 22 WA R 7 AR DU A e 81 B R O BE IR, i i
RN, MR EE R AR, Xt H TR B 2 SR RS O . B
W& RS R B S BB I BURTRF RS S8 ik, (ERFURRHIE LR ZRE, 17
FERERIURE L, B RRHEA 3, 0T R AR B4R R 0 T B B 5T .

Je ST 81— R g AN TR 28 1) B e 73 ol N 2R 2t AT R R 5 00 3, DXl
TRWENS, RG2S BRI RS B AL R R AL, 500 B TR e 15 oKk
SCILT SRS, IXRETT DU G B — S KA TP R RN AR, L&
B 5 R S B R Z IR A REOG AR , BRATTH [R]— P 1) 5 RBP4 1 B S0 3
&, R RS RS R 4 SN e R R L, RN B IR
JZ 75 B

EF RS, WA LR RER S A B, O T BAR I SR S5 R R AR WK
RAGTE, ERR BB Oy s AL R R IA, AR R R e = DURS T A &
A GRAR 2 5y SRR B FIRE S TR B3, B et ks BT SU i /s 22 R
RFIERIE . EAWTFCH, BATEA R R B 20l 7 PR b Rl ah o B2 AGE, &
Jern E—Aseie— i, SR 4 AFE RS R AR IR R . SRR S
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3 JRJ5URT TDH JRASRAS o 35

RN DRGSR 1 N\ DO E R 5 1 5 SR, af%ﬁﬁ%ﬁ%ﬁﬁﬁZ@%%ﬁﬁ

Yo S5 MR SRR FIRE R ARG AT, R 4 AURFE R R e

EREYE, 5 4 A%y

AIE ) B AR S o R AE R, AR TR R AR [FD m%64@$ﬂlﬁm@A
fr BRFAEAE B A RS 2 B SRIBRRFAE

ResNeSt Block

Feature Extractor

Cony

(a) MiddleMergeModel

- E T
z =% .
2 "2 | Classifier
7] w s
<1 1
EIE B -4 Blockx4
o™

H p

S| @
= 25 //ffjﬂww N
= =%€
£~ 25 .
@ 2 ﬁ Feature Feature Feature Feature
- — Extractor Extractor Extractor _ Extractor |

t]?]

‘B n

Feature Extractor

(b) EarlyMergeMaodel (c) LastMergeModel
Classifier |
Classifier T
] //—7 Concat }-\\
Blockx4 ‘ e ' )
Blockx4 ‘ Blockx4 ‘ ‘ Blockx4 Blockx4
. x [ R S
Featuve Extractor Feature Feature | ‘ Feature Feature
Extractor Extraaor Extractor ) Extractor )

’_L‘

ooEn 0o D

B 3-1 $RAakd RGN

FATHIBE FAER R T M1 A AR, 26T SNG-263 Bida s, 7 ilfE=
PR & 7 QU E AT 7 i S )RR S, R E AR A A 3-1 P, .

3.4 sEGEE R 5508
3.4.1 BFFEVEAS v

—RBORYE, T RS, SRR TR LR RS S2BRONIE
B, HAWCAIES CERME TP SEhrNIER], EHBAGE] (EREAYEFND. SZhrA
i, ERIWA B CERME, TN K Sz o g B 2oy IEF] (ERBHMEFP), W3k 3-
1 Fiiso
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k31 pREERERESE

TR 25 G\ s ot 1EH1 ikl
1= TP FP
1451 FN TN

TR (accuracy)~  HBUBSE (sensitivity ) R4 57 B (specificity ) /& PR 5 4 % 5 ik
RER oS TR AR . HERAZE RN 0 M IR 26, SRR A2 X B R it A RURR B, R BT
DL A Pl SRR BE AP0 B PR AR 509, @k X prfs B 25 SRk AT Geit, T LIS 2
TP, TN, FP #1 FN fy¥iiE, (#nf DAL EERIER S . BURBEFIR: R, 1A
ARIB-1). A E-2)MKB-3)finw:

TP+TN

accuracy = m (3—1)
sensitivity = TP:PFN (3-2)
specificity = TNTJIFVFP (3-3)

W8 AN ) BB 7, P DAL 21— ZH U T S e B2 B, DARBURRBE N A,
FLL (1- specificity) AfEALER, 7] PAZHIH 2 E T/E (ROC) HhiZk. —f&KmsE, £
FEERCAS A 2 R AL I, AT DR R M ) ROC £ #m th ok, B th 46 71 i AR
(AUC) MHCABIRIL L 4R R, AUC AR B 3 BEPE RE AR AT

3.4.2 AN[A] X 25 B SR A A A A S BG5S G E

FERIE 2 00 4651 20 B A NS0T IR 238 P B R S R S 36, 6 40t B SR 251K H T
P8 XIAIE, 1E SNG-263 Hd 4R B T 45 R an sk 3-2 s
£ 32 PR B A AL X AT 2 B8 49 %0

fe A HIRTES O 2 AUC
ResNet+IMG Model 0.646 0.578 0.435 0.654
ResNeSt+IMG Model 0.687 0.616 0.454 0.677
ResNet+ROI Model 0.697 0.617 0.476 0.702
ResNeSt+ROI Model 0.734 0.624 0.563 0.754
ResNet+MIX Model 0.728 0.618 0.577 0.742
ResNeSt+MIX Model 0.766 0.734 0.715 0.842

FH T HE SIEE6 PR 435 SR AT R0, 150 FH ResNeSt AR Y 1 Sy [0 28 1 S8 () 2% 2R B i Z2 477 ResNet
B, HAEER: FHEBORIE S, SRR RAREIRTT 7-8%, XTI W FiAF55 1) il
SRME, 2y AEERE . MK 32 70 el DS H, A0 IDH B A= 78 i 0 #
SR HERf, 1 ResNeSt #iRYAH LT ResNet #5178, 7EX} IDH B 4= R Fill &8 F
DL
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3.4.3 ARIZHEERE 7 L0 BT e

TE1% 7 B I 00 IR 28 1 R AN N X S5 56T e P R 9 % B B AN AR, 9 i) A
= Fhh G 77 IR RLAE SNG-263 Hidl4E it AT 1 A48 X UE LS . % 3-3 A H
3 Mt S BAAE SNG-263 H 4 ERT PG 4ER, B 3-2 2 3 MEE B ROC
ek, MIEPRRTE , ARl IR A a2 J7 2R8I 45 B T 110 1 B8 SR A [R] IR B2 T 38U
BATT LA 3-3 hEF], FIARA MBI BN G0 T A A R RE, 45
HRbG TN ES, BATTUMA LR, S50 IDH R — i 74T 5%, MRI K
G A [F) 7 51 22 B PR AT AR R SR RARRAE , IR ZRARFE(S S A T R & (A2 o R
P 2% S 3, TN EE TN 4 SR AR SRR AL ) S SRS AR L P A e R AN 2
KB R 74, RGBT FAR A BB R, WA [ 17 51 B
Z 8] R R AR R £ K TR B RFAE (P ORI, X FRAT T 58 AT 55 B K I 52 o

%33 TR 5B EE T XF LR

A HiRTIES BUsE Rtk ROC
EarlyMergeModel 0.766 0.734 0.715 0.842
LastMergeModel 0.736 0.725 0.691 0.824
MiddleMergeModel 0.779 0.784 0.644 0.871
1.0 1
0.9 4
0.8
0.7
=, 0.6
E
=05
& 04-
0.3 4
0.2
_/IJ —— EarlyMergeModel (AUC = 0.842)
0.1 —— LastMergeModel (AUC = 0.824)
7 MiddleMergeModel (AUC = 0.871)
0.0 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 L0
1-Specificity

B 3-2 @A 69 ROC ¥ %4

3.4.4 i 5ve

REBEIRIT T HT Z S MRI G TN B 5 P88 SRASIRAS IR 22 2 71, 3T T1,
T1C, T2 A1 T2Flair PUAMR S ) MR BG4 8 H ) F i TROMAR R R B0 T mT S A 1 g
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XRHIET MRI SARERNURHE TN 7170 BRI AT 1, (B4 32 Hh ) 2 AT T i) £k
PR E A WHO 7 R R B, AT ZNNE TR, XEWEE R
(DI AR i P 12

N T HEFTAM ARG BB AROL BERA AR, RATX ResNeSt+IMG
Model. ResNeSt+ROI Model. ResNeSt+MIX Model = AMERY T 46 A 5 25005 K
(Grad-CAM) 73 #r, KA F W28 0] R 40 BUR VE R 1704« Grad-CAML B IR A & J5
LR E WA A (AN AE — N3 RN LG B “H” Y BIRE RE = A — M HLE M O B, T
5 VA B R T 00 i v M i B B X, ] 3-3 AR R Grad-CAM .

T2 Flair ROI ResNest+IMG ResNest+MIX ResNest+ROI

[ uoneg

7 waneq

€ Juaneg

B 3-3 Grad-CAM & E B . ay T2 Flair EA 1%, b AF TARCHMB RS, ¢ d. e p
A A ZAEA G Grad-CAM THALLE R, AEE B & kTt M&E RO TEALZ I,

M a TTLLEE], XFTF ResNeStHIMG 1%, Grad-CAM A 5 B [X I8 /3 A1 I VR
Bl A T R PR X, I R R AR 2 FHER R G N, X AT AR TR
Hl 5 3 BN 48 T S B IRFE . T ResNeSt+MIX 24! f) Grad-CAM £ 1,
TRLZRGT I Ied K Jieeg Jol el DX 3 B g )9 i T, FE SRS 4H ) ResNeSt+ROI CAM & A w]
DL AR IR (143 T 0 5 B R A R (1 A o0 DX SR AN S AKX o AR A5 SR o 3T
ROI R BEA U1 ResNeSt+MIX B4, 145 ResNeSt+IMG B4 [ Grad-CAM &4
W, PTREE T IDH FEARIRAS 2 820 JIed i B i L 2R 1) 40 A, Bt AZE T IDH 58
ARARASIS, FRATIAT 75 0 e il 32 1) X 3% p g 2 .

EARE RN, (S FHBENLEREED)  SR A LA 2% =] TS AL AT e 2 A B0 ik &% 1)
RS, A EATE A BB ) DUAE G Z5 . SeuE At o 4558, v LA
FENGR BiF s s A R R Bk B R — A AR Y] e BT AH AR D)l i 3t
FREEE, XME e s RN B G A i 22 N e st . X ] g2
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T B2 R AR BB TE A T SRR 75 2B e 2095 21 2 R BRI AR IR AR I, S2BR
AR R R A ER AN A R FT, AT RIHER R T 90%. RItk, 7ERI o A
LRI, BATVRS AITE = B SE O N g 5 R0 2 b Bl 74, JFEtAT 1 5 9
A XHAIE, AR TSR .

HFHLEE M EETES, EHEASEHZ S H08ER N MRT AR 285
MRI EIZ, (H T35 MRIA—E 7L R — I R4 5 5 2 2B FH 2 sh iR m,
E ARG E] EALES . BRESECHER 2N T s XA A, (T IR R AR
o FEFILIRATHETT 1 U Z A MRI LS CNN 70 JE00 4% . B UTRR & A2 £ 5
NZEBEER SIS EBASE ROV ZEIERE, KON RS, XA
Rl GINEE R BB el iU R IRL S M4, BRI B Rad Bt
THI 73 AR ONRHIE A &, AR B R B DB IR ) Bl & 22 1 R RS B i 2%
SR, RXMITIEE TRGSILAC A 20K, HEw U EE, B & MR
. (HIEI S5 RORTE, o SR & 28 iR, 3 2 b 1 A B R & PR AIK, IX 2 H
TN R R PR AL ) B3R AT R 5 VA A AN RIS BB SR R AR R o foe e — b
B3R i IR 5 T, R RS 2 R G 55 2 A BARFALE B, 5 25N RFALE
KT EIE PHE O — HR AR, BN S 2270 2R8%, 20 iR E ROAFAE S it & 4 7
IR B OR B 2 SR SO L o7 B SR SR RFALE AR IR BOdbAT Rl B RE T B 7T g
HIRAS AN e A VLRC NG B TP, S ReRTe 7 A 2 Bas B JE E, BrBAUS 1
B HITERE -

3.5 RE/NE

AT, @A T ME 263 FIFFARZHE MRI BdE4E, R 7 AR
NG T 3 G 7 75 A O R X30) L 73 S8 2% JEM 22 46 28545 B il & a2 B % IDH
TR R (K520 F i Grad-CAM X H A5 RAEATIER 704, 45 RUEH] T ROI Uik
iR X3 AE D9SN T 1000 70 7 70 U BB o BEvh 1 2P 2 ARl A 2%
T IDH RASIRE, SRR REES AUC 4 0.87 IR, XA 77 Uk
REEELT, [RINRER A — E R MRS AN LI .
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FA4E BEB MRI &EH 9 FHE ROI 38|

41 5|3

FALNTF A TP B, OB R TR 23 T bR e A T v T N T
) I T T 922 i 75 R IR OSB3, (ROI,  — M2 R 20 A X 3D, X BRI T IR
R IR S AR C A T SRR R D T RS D (A5 AL D SRR R AR 1 M K
SEILI PR R 70 TAR G TN, TP MRI I R T — A = SO 1)
ROI 73 F5E 2 — M 2 TAE

1 FH feh 28 9 28 6f 1% 2 RS 3E AT 43 EIUR H Ronneberger 2571 48 A UNet XJ 2D
P2 UG EAT oy 8] B2 BLTE UNet AT SRAE 52 ACHE 2245 N 45 P Sl gk 1 g 2 Bl
I NRTES R E S EUR o BT . B RE B PLRA d H ) Z RE AT RE & SRR
IS5 R, 9 UNet W R SRFERT b SRAEEE AP 1A A4 A5 H ] BB ATH SR A2 — T
SREM TAE. MEAREMIEER (NAS) FIE MBI N B TH B AT (138 S0 FIA A

CRERAE AL SR R REIR ) TFRE T8 ALET

Auto-DeepLabl 5 K5I N T ML 48 R 25 8], AR/ BUES 10r HE% (BRE T
ReEERIAN) o RS 22 BG4y 315 T, NAS-UNet 4351 F-F B 8 10T REERT R BE T,
P % UNet 544, FRAEAFEATSIAR MRI. BT THE AL Z 3 (CT)Rdh 288 7 U AE
P9I 4 e 5 UG R AR AT T e,

UGS T — S5 0 R T, AEAE Vb4l 40 A 25 7 T F T (4 N B ATl e e
R T A R R 2 R B NAS REZErR . Flan, A ABETE 0 S 43 E1 4 b i
FIREAESIRE, %E, EFATRERNZ PR, FHRWEAT LT &
B B DTk Ak, IR BB NAS 7% W28 A A0 T ks 18 SR A
FRs T 20 W PR FH H R S B IR B R AR R

FEARTEH, AT ARG FIR 4 T Fric 4 Tl 77 20 & 75 22\ T4 ROI ) 7] 5,
BT PR B U8 0 S 4R 32 H T —Fh 44 4 NASBraNet () NAS HEZE, H f 2 s2ih
R PR LR B AT s B HE AR 2R o ANSCAE ] 7 — ANRRBR IR 210, BefE SRR AN 43
RN SLAT A . N T D S IR 2 (R ST 1, e e s L —
ANFabr s (1, R I IE R E AR PR 2 ) , ARSTE A T — ok 4 i B IR 1E 4L,
DA S BT S SR AN AE R PE . T EL, DA 1 B S s AR B A SR A VR RE, A U NAS AE
20 R] B 48 2R 52 2% () 0TS D) 4% R Bt 0 P 2 A X 5 6 ), 30 3 R U 2 TR A 81 v A TR
FE RS 2 1) 3 B D 4
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4.2 Al BRI R

AT FIH) NAS MR E T ATy 280938 %R (DARTS) J7ik, ‘BT
& 1) 751 (Gradient-based method ) 661, 354k 2 =) Rl dEAb B2 0 7 v A it b #03 2&
FEEECE PR —MERRERENR Y, "TUEELZAE NANEFE S E
T g5 SRR AR (IR ED, IEELS 1A i ARRF 714E . DARTS
J7 iR B R BB TG R KGR SR T softmax pREUHIHATIR & . IXFERUE Y R 25048
BT SRR, HARREURCN T TR IXFERERT DA 2 TR A R S
&t 1. MRAERE, KRG FEESEAE R RFEEBR, B A 4R
I L~ &A= Sy L BT 5 SN =

4.3 ROI 77 1| X 25 B2 8 2%

A AT XS 73 EI S MRI A ROT AR E 1 — 22 70 R 1K WX 28 SRR R TV
NASBraNet, ‘& {423 % 8] 52 J53 K T 560 Tl itk s i 48 I HR A 2 70 SC%E
DAL T 2 B0 5 (R T B SRR R T3 2K, PP D924 20 B35 R AN — R AL P ) SiE
BRI, DL3R R X 2% ORI L o FF HASCRs NASBraNet 47 Ji€ il — i 3L A8 2
HEZE, R DASRAT B P o v 10 2 A R %

4.3.1 #ZR%0

R IZ 0 AR R B BRER R 2 70 HER 03, 20 HR 70 SCAESGHT
T3 BT s R TS VR RER . 8] 4-1 JRIR 1 AU NAS HEZEE 2 7],
HEZR E B MG IR 0 HE A1 70 30, BN 70 SOR R R A B o T 48 2B A
BEHIHTT (Cell) o A3 SO N ANF 73 B (et X Eab HY 7 Sk B i BT 5
B, BEAHITA LR R, JF H AT PR PSS E R SRR A fa A A
X HL TR RS, T DR R L Y R R AL

T SRR (Stem)

HR(Cell) SRR A (Head)
— — :
T 1 - 1 2 3 4 -2 L-1 L
b , \. )
& ) — ‘
x, \ }
5 \
8 \. _\:
BFElE
/’ SR ‘ = H ’—0
o DOBR b £
x4
o1

_ /. .

Cell g & 3GBR 2 —7>> Cell 5.y
- -

. TN BSBEER | /
Ix3IGET 0 x

RIS

3

B 4-1 ZpaFEL L EZN
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LECESUER S X553

52 FI| Auto Deeplab [)JE K, AAE L JZHRICHAER TR HEE, Hp I
PR 42 1) T 0K PR T SR A A N I R A [R] 40 7 2R B PR AR P o BT LA
W9 2% 2% B EL A AN R 43 3 5 HH 1) 22 40 RGN Z8 M RE, IRIE A SO H bR 2% L 2
FEZEH IR BEA TR 2RI b (b> D M3 Bk, ARG —E#
TCIEFED N AN A I 50 R, JRE BRI 32 (5 4.3.6 711 o XALL
fEASC NAS HELEREWS IR R HA AR 0 HEER b A BB 1) 73 3, IX 8853 S Sk
BLHLIZ D 55

P 268 B T I BRI T SRAE B 3 I E AR . O T i KR S i AN 2 e AR
RKMZER, B Stem BEH N BUR 48 /N B R A6 REE 172, REREHEER
R RFER s€ {248}, K] 42 WoR T AN Z /WS R AR IR L5 1T 1T
BT 2% DLEAT SRR 23]

1 (]
T \\\ sub124
;& 2 ._" . s »
¥ AN /
b24
= 4 S W4/ ccr
Z g \_, ST ._/c CF

1 — ] -
T - ) \ ISEEEE
%2 a—e P
¥ \\' /Amr
4 e .
i
& oy 4
— 8 iTj{ﬂ%T% ..—u:‘.—u.._AR]ﬂ

B 4-2 TR3F: ICNETB3 W54 JE30: BisenetBY 2 2544

HI T AR R B )T RFER S (2,4, 8 MPTik /) SCHIHUE b=2, ASCTHIHEM %S
FEE P =M AR PR G (2.4), {2,8VF1{4,8} . X THAHA, A SCHI L
POl & IR 0 BRI 00 5 o A SCHIHEZARYE Tan 268 NFRH IR0 7 0k B i 4 X
HEB, 1 4-1:

Target (m) = ACC(m) x [“2]V (4-1)

HrApmZ a7 TR BIEE, ACC(m)RIEBUHEMZE, LAT(m)Z&ER, w

FERE T, & XWF:
_a, ifLAT(m) <T
- {B, otherwise. (4-2)
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ALEE a=p=-0.07, ¥HEIRLEN T KEN 8.3 ms.

Q)i 2 HA R BE T

AR B AR SR E AR AL, B E T ORI B AR AR R AT H 1
FE, AR IA R By St B2 (FLOPs) o BRfRTEZS IR E N S iA 2 K%
ZHWAREE . ARER 4-1 ot 7T FRAE T, SFEITHE WA EER &
(FLOPS, ¥ &%) LM 57E %%, TensorRT JE ] NVIDIA 1080TI GPU _E S B il

S HERUEE H Tk FLOPs M E &R, ShruEEftate, /2 mam &M
HAMIE PR, HIEER 13%, FNSHERD 3 (R BRI 7R 6
HMARINE) o AEREA ERIESZE, 3 HAEB R PINAES )iz M
33341, SR, Nk 4-1 fror, FIGR CRIHE 2) AEHEESMLEER, REXAE
PR BE FLOPs fiz¥imd. STk, SCERBIET T — N2 R 4G (zoomed
convolution) RIS FR, A NF HHEAT SZR 1 N REE, b R A2 1 >Rk
FERRME . ShRuEBRRAHLL, IXFRPIR BT IR BRAIS 1 40 %6 1A [R) o 2 52 B AR N TR ok
()2 f5 . B, ASCHE &R 2 [ 4G LU H 7

o BRERIEHE * 3x3 HA «3x3 H x2

o FEMCERL: WERME T RAE + 3x3 BF + WM L RAE

o BB 2: WERMETRAE + 3x3 B x2 + WM FRAf

X 4-1: TREAEBRELFOMENHT. 1R ZAE B A TensorRT Z 49 1080Ti R~} 1X256X32X 64
AN E, BNETFROUS-ANERE, BN ETFHRF)ALE TiRESER (F—17) £33,

R ZEIR (ms) FLOPs(G) ZHE (M) FET 7 1Y

B 0.15 1.21 0.59 1
SrHER (24D 0.13(-13%) 0.60(-50%) 0.29(-51%) 1
RGBT (% 2) 0.25(+67%) 1.10(-9%) 0.59 2

TR 0.09(-40%) 0.30(-75%) 0.15(-75%) 2

I Ma S8 NFITIE,  WUEERE P BB YITGIFATRE, PRARSEPRRARE> ™0, Kk, AL
ERI R, B REEAR M TS . EE 41, GARITEE
A I HLan SRS B O e R A — AN PO ERTEE R, B ITHE
B R ) BT LR R

(3) T8 B T H R (A%

NIRRT R E R BEAL, RS FoTE A I ] LR A FIRIES (77
REO BRIEVE A TARS, A REL BT Z MFER . A1, BT
MGG FE TP REAAAE SR BB AL &, X5 98 LA R AT LAEAT o« O T ok
XA, SCERPHR AT AE— AN SR — A R A HX € NYHERZ P ERER

28



TR R EE 2 1S 4 Wi MRT 245 70 10 L ROT 15T

Fﬁ?ﬁ%i&ﬁw=86M$ﬂmw}Wﬁ&%ﬁ%%Ltﬁﬁﬁ%%ﬂ?&%%
FIAR AL, AR HT A — AN RO 2 R P SRR KB T4 . 7E SIS R,
TR, 181d “ Gumbel-Softmax #5715 , 7ERANLESEE T B RAN PG, HEREE,
SE AR TG — N R R A AT RS — AL L4 A R %
“Gumbel-Softmax™H IS HEAIRE, HEAL R LU — 4158 AHX © N*, SSBLMX
FIBEHLRRE 5] — N R By, I FIXAS SRR B AT B o ek TR
REy e — M LRy, RSyt = 1. BJEREE—A Gumbel B2 o =

exp(log(yi)+oi>
—log(—log(w)), u~Unif[0,1]. A J5iL#¥j = argmax; S (logt(ym)+om) , AR =
exp(—————

m=1

argmax;(v'). 7EASCSLH RS S KT = 1.

T IEAE S RN SRR G I i AR FEA SO AR R A A, W Ay X s,
Hrbse{2, 4, 8}, WRITIERVFETELS I B IERERIGEHIERH YRR
B, MAREBENMERTEPEHSE 9 R,

4.3.2 8RS [AIFA SIS

ASCERA R E SR, 1 AL R SRS O AT B R . T 7 X R
B HATRAIESEAL . K TR s, EFr 510Nl T TR m A, 5
AT AT AR AR I B o ey LA 2

s,l = Bs,logqs,l_l + Bs.los—>s,l—1 (4-3)

ARt Z I U REEWRANARP T REZRN AL, =X 3-4 f1X 3-5, A
Ja 4k B Tt:

A 0 ' ;
Ot = ik ok 08 o (Ton XL, stride = 1) (4-4)

Osorst = Zoeny o 08 (T X2 stride = 2) (4-5)
& R ] 2385 “ Gumbel-Softmax " H I5HEp (x = x,) = v, REEAFH]. X H,

a, BHyRH—WKbRE, SR REFNE T € 0, BARTIKE IO HO,_ T
— N R Ay € X, WX NS EOT DN B AT R R
a, BHly 2iEIt softmax FEATIH—I A 4-6. 4-7 F1 4-8:

Wl ok, =1,vs,l and o, = 0,Vk,s,1 (4-6)
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B, +BL, =1Vs,l and BY,BL, =0,Vs,l 4-7)
>y =1vsl and v, >0V)s,l (4-8)
Hs T RAER, LZEMNKKEZRT .
4.3.3 4R A RER 1E LA AL

ICHEIR /&%) TS M 4 2 AR E B, (RARE A PR . EH R T, s mEg
R RIS A AN RNl i L, FoAR B 280 A ARAR I RSB AERG 22, R )
FRAEH RN R B HAh, 482 A 2840 e 458 F B 2 i Bk R T AN 2 B RIS
J RET, IBAEM RN 2, FHRAAWACER 280 (Flan, f& sk s
FT) BRSNS IR T 455 5 o

R T FRPRIZAN A, SR T AR R AR IR IE WAk o A SO S ii a5 AE R 1 ZE R
BN 43 AN 4-5 FIHT O, LIS HICH FIH-T AL ZEIR )& SR bt
MR DM E AR TREIR SRR, SR THESAL b LR .l R nse
) 2 o BT A7 S AR SR A 11 Y 248 SE TR

M I ZEIR X F5HF O, N REER s Ay B A ¢ WEEARBURM. XK
F«3x3 B <2 HI“HETAERIN A — N ERIIEIR 2 . 124 M5 12K o 2 IR A7AE
FANLEIR A PR CEARTEIRAD o JRT, AR“27FI“8IXFEM) TN RAERIEAME, Eooy
HEZR T SRt 2l SR A AN A H B T BB N o XX = AN N IX A R A — A
FCEAEYIEIR IR, AR 25 55 5 B0 X 2895 - 5 1 0 2% 25460 Jid ot DRI G 75 BEAE I 2Rt
HAHEHZ

K 4-2 KR AT AR R E KA AR IR T A4 B A

s ALatency (ms)
0 (%) 10.42
s (FRAEHR) 0.01
x (TR 5.54

ARSCHETE R =FH PR RE B RO, A X 45 SEIR BRI . LLOAF

N, ARSCHE Fe ST B Ay, B30 ) B 18 0 3 BT N i PR3 SREART ) P 2%
[PIE [B] ZEAlatency (0), HIANJRSTN (3,224,224) o X s Ayt Ay 7RI, 153
* 4-2, Frhp)Alatency FIE 78 N 268 06 BT AN & T SRAF 265 45 0 = 1 RUEE
BT R A A RIBUR B 7 — MR NG EEIRPEAY o AR SCHE R I 26 R SE IR
frRE AR R W =ANTTH 0, s, x)» FHREEREAS I3 TH 3 LAAS [F] B REGHAT AR AL -
Latency (0, s, y) = w; Latency (O | s,y ) + w, Latency (s | O, x)
+ws Latency (x| 0,s) (4-9)
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HorpwRIRBNMER 2T R AU, ARYER 2 ag A R BUREE, SE5Bw, = 0.001,

W, = 0997’ W3 = 0.002.

4.3.4 HN/ AL LR R

FIARZR IR A K — AN KM R 2% 1 W 48 (BB I 28 T) 22 B KR A2 21— MR 2 1
2% (2 A 28 S) R A RO 1o AEASSCIRIREZE A, AR SCT AR — s AT Y Rl SR
AL

= — = = HDKLET

=7
e
= \
BWE as, Bs: Vs - = = = LS

DERRK + FERIENIL
B 4-3 )fiA 2% B3 £ AL

AARofeiin, nE 4-3 fion, ASCEME—NER % R PASN S5 (ar, Br)
Fii(as, Bs» vs) KRN 2 AT KA B E S . 151, HOTRLE 5
RIEFEREIOT R RS, A0 TR, XA E R 7 RS R A S A
T FH B D0 KNI TR R A9 R 27 2 7 3 2 5o e o 5 [ R P 5 AL R W
W R FE I 2O AR R A, I GRid R e SR 22 SR TE Ak o BRIE, A
SO R T 00 2% i J5 T 5 2 o 2% 0 D PR R 2R (D AL FEL WY f 52 2R I 2% . 72
P W 2 ST BA BN ZRad R, AR SOHS O 25 T 1 — AN P 0 87 F B2 2 I 46 S 2
T,

Lgistitlation = EierKL(q{1q}) (4-10)

KL F65% KL B0 . qS g4 mfd I SRIT TR 22 1A . 49 95 2 RIZE AR 2
AL T A S

4.3.5 MWL HE Bt 2

RN 288 U M, SR = TR Ak B bR ek 20N -
L = Lgeg(M) + A - Lat (M) (4-11)
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TP ER Lseg KM FocalLoss. Lat (M) /2 M2 Bl T RIS 8], AR &
B, EERBFHERPRKRAKERN 001 .

H T2 2%, By 2 BHEAEM s T B R, m] DUE SRR B T Bk . 53
BR[301-F IR VLA, BN IE 4L IR 11 (LRI BEHL 2 A A ZZ A A
ZrREE A TIZREE B, A4 LU N B BRSAT I .

FESEM SR SLIR T, ERRTE M AT TSR 20 %, REHRESHWMAE
WM S Ba. B v, RIETHIRIEER 30 B % 458 24 .

FEUIGRE A RVypyLseg(M | W, a, B, v) LT L8R EW

HENEE B E3R Vyp, LeegM I W, a,B,¥) + A Vg, LAT(M | W, a,B,y) EHi
RS Ha. By

LA N 3 R N BN A A I 28 SAR R G Ja, A BT A2 PR 2H Y 28 S5 14 2 5L
(ar, Br)Fi(as, Bs, vs)» MIZEIVNG D IRIEM T -

FENEREE A B3RV Lseg (M | W, ar, Br) EHT AL EW

FENZIE A LRV Leeg (M | W, as, Bs, vs) EHT M ZEALEW

FEUIZREE B L3R Vo, gy Lseg (M | W, ar, Br) BRI BUT N 28 45802 Har, Br

Ol % B b R VegpoycLeegM | W,as, B, ¥s) + A+ Vg gy LAT(M |
W, ag, Bs, vs) B H A M & LM S Hag, Bs, Vs

A Z A B — NP2 A5, B P2 b5 AN 56 Bk
TR KA . Rk, ASCEE IS KGN R R BRI % 1L .
FEXT R % X 28 1EAT TN SR R] , Dhdse /N5 B2, fie oK Wi FEE AT 2 AN BEATL 58 BE I R N 1
TEAE BM G SH, AN S H AR/, &K% Gumbel
Softmax 4 HI KHFE T o

4.3.6 BIELSM S

WERENRSG, ARIERBIIME LS o B Ay 5 H B

o VARSCHEE o A1y 1) argmax Kk B LR F AT R R

BXF TR Hiotcell 5, K5 BOMB T BN NI ATIRH TTeell s, Micell o, %
HEE A cell o 113 . (L, U = argmax, (B0, 7 SCHH T AF4 AT A HEEC —
SYHEAT N RFEMI AN Bcell oo X TAEWAN A RI) TR E 53, BN 5
R BRI argmax: (13, 13) = argmax,, 1, (Bgy, * Basi,)

EAE RN, WRZ PR SR ITTE TR Py e KRB,
WA e T MBUMEFRRAE R, X R BT B bR g e Bl B . — B3
IR IG X, S SR g b, BT R 2 3
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4.4 SLEER 511G

N T BRUEA SCHR VR R RE R I, Je B T R Be I KRR i3 7 o B R 5,
AT NGy FIRS B S AT IS R AN Z 1 5 B BT ER R B E L R IR EE, AR5 5
M 7 ARENE A R, RN T RIEE M RN T A R SLER )iE
1T AR /2 Ubuntul6.04 A1 Pytorch1.7, BT FH ) H s B4 i & 4519 4.0GHz [ Intel
Core i7 4bFE2%, GPU A NVIDIA [£] GeForce GTX 1080Ti &1, 7 [ 2% 3533 52 1k
MrEcffH 7 TensorRT il

441 BHEEANH

AW FRIE T =4F (2017-2020) Hi2 T B RS TELE Be i 2 SRR 22, P
AN TN R G HRE AR S5 IR B2 Wi & I BUR , L8 263 4 38 28l
BAE N BAE B AP MR (TIC, T2 Flain)MRI B% . Hrh g EA 13 6 5,
TR AVE R 13 D8] 75 5, PIERE 45 % . B B B I A B RS A
2720 5k K4

T HERR P SRR A R SRR T, B SRk MR MG AT i ) 2
5 2 MRI UG, Xt g 7 B 3T PRvE A AT 55 456 = & 10 % Mk 22 D A ST
BARBIFRIES A2 Labellmg, 4PN MRI BUR A FFNTEIR (224,224,2)
(PR EIE G . A TSRS AR, TGRS, el R R AT B
s, TERIN RS BIPATME 7 2 3 — R4 .

4.4.2 WZEBEHHE R 4G

M ILE 1=16 2, FXERNE{2, 4, 8}, BRIMEH HEDb=2, WANE

ZHN X SERBEER. N TAEREMNTERERSHEINT BRI Ny, €

X{16,24,32,40,48}, Z 0P A TRMHAFRFIEEGE. XTGP AR, A
H(1+4x5) 157141323 4x1055 AEIHIHE . TREKER LN 10°° BEH.

(FRAHELR(Stem) m—
- (FT(Cels) (SLEBE A (Head)
1 W e AW
T \1 2 3 4 5 6 7 8 9 10
X2 e s
¥ /
F4 o mipriins —0— =300 '
5 + Filis4 \ /
T8/ 2i2s8 i

R 4-4 8 if 2 M 4% & 15 %) 69 NASBraNet 4244
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Kl 4-4 BoR T RIBAEZS 18] 2 $E 3. (NASBraNet). A< 3 NASBraNet PAid 24 (1
RESRIL T 209, RN I EA=ANBER, RIG0E, HFRBELS N R
FA 4 F0 8 Wik . 3K 4-3 F13K 4-4 H|HH T NASBraNet B~ X T A B IG IS4,
Hor R EAT HAATBCERR, IX R T IREIE AR 2652 B 1 B 22

% 4-3NASBraNet 7 RA T RAFEEA 4 95 LAY E LI X

BILT S Hy TRFER T ERE oy L
1 LAx2 2 16 32
2 LAx2 2 16 32
3 TR =2 2 16 32
4 T FR>2 2 16 32
5 Hix2 2 16 32
6 HiRx2 2 16 32
7 TR =2 4 16 64
8 TR =2 4 48 192
9 T RRA=2 4 32 128

% 4-4 NASBraNet ¥ & T RAFE N 8895 I Aay 2 LI &

BILF S Hy TRFEFR ¥R i HH IR TE A
1 BAx2 2 16 32
2 LAx2 2 16 32
3 TR X2 2 16 32
4 TR 2 32 64
5 TG x2 4 16 64
6 TS x2 4 16 64
7 TR X2 4 16 64
8 TR X2 4 16 64
9 G X2 8 16 128
10 FIE R <2 8 32 256

4.4.3 SIEVEREVEAS

o FRrRE X 35k, 5 F DSC 73 E R, & X
DSC(P,T) =

|P1AT;|
(|P1[+]T1])/2

H P AR, TREEMEFZE. T1I AT R THTHE, RaFiTie
Jo DX IR BH PRI I PE o X T P1 AT PO 2 itk AAER I, 4n R4S 21 DSC Hlk K,
5 B H AR oy B AE R, FEARAE S 1, RTINS RS B a e e E S,

FREAP RN EIREHAEEE, N7 E B RIE SRR T BT
AEXIGAUE, 3 4-5 R T HIGAUE )T 157> B DSC AIHER

(4-12)
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H R RS 1R S 4 BES MRT S248 0 70 150 B ROT Jp 151

* 4-5 5 2753 7 kMK DSC Ao 32 3% & 5t bk

Ji DSC (%) HEFLH S (Hz) IR
UNetl*! 75.6 91.7 224X 224
ICNetl3! 88.8 56.4 224X 224
NAS-UNet81] 86.5 82.9 224X 224
NASBraNet (43 77%) 89.4 178.3 224X 224

M S AT LU B S A SO R 48 A P R 71545 2 1) NASBraNet #2784, 7
HERA AN B B 2 T IR UNet S5 004%, RER& AEHERL R FE I Aok 3[R A
A I I 28 BRI R AG 2K NAS-UNet HIPIA5 DAL, SRUERH 125 VAL I PREE 5
FIE -

B 4-5 Ao EEoR AR5 A /At

Xf ey M BB AT P ALAS 2K 4-5, BT ABEVESRIGIR, TH—
T2 B EIMEINR 2 FIZER, WEBRE SRR . HERR, ARCTAR
XA R N B R A B K/ RS T AR AE R 22 57 s Ol N A — AR
I BILER, AT T JE 8201 0 BT S0t — D RS AL IR i2 I

444 T 5HE

T VTR NAS MEZLRA R, ASCEHAT TiHmE L. B AR, AL
ELL T HT(0)s TRFEEG) TREARE(x). 77 3H(b) LN R 28 TRNRS FE R4 2 i
FERIFM, SEEG TN KN 224 X224, TE3R 3-6 H, MAMNH S Z(b=1)T EF| £
433 (b=2)5), ARSCHIHEPIEE % T, ﬁ$&ﬁ¢$MmcLﬁ%Tﬁﬁmﬁ X
RN Z oy eG5BT 2 A R F%ﬁ%#@%ﬁu)$xﬁWET%
%ﬁ%&mw%%%%T,THH@E%%%H%,ﬁﬁ%?Tﬁ%ﬁ&fﬁﬁ%ﬁ
iff P55 %) [R] Bk MY B T AR T8 3 3R 2
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K 4-6 TR F Aol A &0 R R I 45 R

WwWE DSC(%) HEHLH E (Hz) FLOPs(G) ZHEM)
0,sly=32b=1 82.2 193.6 13.5 3.1
0,s|y=32b=2 86.4 132.4 21.4 5.4

MM (T) AN (S) HKFEHER
0,s,x1b=2 86.7 178.3 14.0 22
T - T 81.6 158.9 14.7 23
T — S( NASBraNet) 89.4 178.3 14.0 2.3

Er “S7 iR AR

AN VPAS T ARSI AR L [ R AR SR 0 2kt . AEILEE R 5, A
B 7 HUWBERY(THA 2 A R (S) o W Bk, A T RY R R 5 ()RS, K15 163.9
(1] FPS 1 70.5%[) DSC. FHELZ R, 4R SC EHEN UM AT e 46 Gl i 43 5 78 (7
J& RECHATIBIEBTAY), H M ZRGT I 2BO0m A B a5 R 28R AT VI R, 7EHERR R B
H 158.9 BIEHL T, DSC N 81.6%, XK IAASLHIL FIHE AR5 FAL T T80 kL
(W E4E . B fa, A SR MIZRIF I B0M M 2844 51 R Z TR BIHE R B 22 R ), 45
AERHERRZRSE =R T 89.4%, IX S AN B 241 M 4% NASBraNet. XK, 8T L[H
22 R T 2 A A A Bk B0 (9 R 2 AT N Sront T IR1FHERA DR ) S 4381
PR AR 2 2 S E

4.5 Rz

FEARTH, O T ORI 73T AR iC i s 08 % #5 2 L2 ROT (1 7] &,
BT W PRI 968 70 BB AR AR T 1 —F 440 NASBraNet FRITE 370 H1 0 45 QAL AR
2, HEESE I POEER B E 3 ROT 7031 A E TR ImK R MRI 24897 81
SORBUER R AR L 5K, R 7 — P PEE 2 0 R IS QU R AR S, T
FH B B 03 SOV TR B AN 1 22 73 SCHE BN LR BE AL 28 21 i R 70 B HE R 3 (1 2
PR 2% . GBI 5INPT RBEY RAER AL, SEEL T R e A M AR R
S 3 3 T 2 A ) 29 S ] 482 2R R R R 28 TR B0 0 4% (0 AT ROtE S B 1 A 2R
2% b, m&ARE] T R T Im AR R SR MR SEABATESS Km0 B 4%, JEFELiathae b
T R,
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F5EF FERE Kie7 IEHFN
5.1 515

Ki67 T8 BRI PR b ] FH T4 2 e e PR B G B . 00 s N AE A7 AN B R I . —
MR UL, i Ki67 Faions B A B8 0 AR A7 AN BE S i Bk 251, AL, NI Ki67
TREAEAXN REE ARG T 77 38,4 RefE TR 119 2 Kie7 R8s RA R KR = X
6, Ki67 Fi8 e 75 Zd k0] iR 4 2R, 8 Ki67 Puidxs gk geta, It
SR Gt R M LeI T SR, IREE B R A SR AR DL Ki67 R0 R — Tl
PRk e B A B (TCGA M — ik B R B, R 35% ISR FEAS & A 2 0% 1 i
Y, BT CAEATHERA IR 0 TARFIE S e B R — N ER AU Kie7 FaHUE e 7%
X R AP B A

i ER I FER AR B 2 W7 1502 2 ZHZ IR R (MRD, E LR IR
XTLE T1C A T2 Flair PRMEZS ) MR BUE AT L7 R 2 i K/ A E %S, (H2&
M LL o HEAN[F] Ki67 4850 s £ MRI B B2 57

Ak, T IR ANANLE T 2 JTER € 7 Thc R AR k. HGT
Ki67 a7, B R OR S 200 4R 55 56 N 2E T e o f5 i BE R st 7 — 155
B 3 S 43 N 2% - 000 e 1) K67 $a 206, AR R BUAIF HER N SUE B 7
Ki67 & Z It 7t

38 3 14 B IR o T A e ) TN g v R BN T ) i FH T 0 S B R ek
PR X 3K (ROL, — A2 I 40 A X 38D, 3% PR 1] 17 1 PR B 08 70 T A e 4 T vk
N

RIEAEABEFE R, B Jexd 546 MRI S8R A EE 4 &b i #5542 5 RO J5,
G R T F AR e B el EUE . B S — AN 2 RS IR B T M 4% (KiNet) #
Peth T AR AT Ki67 484k, 4565 4 TR HI5H%, KiNet 1] DUETGER A2
I R DX P 25 4 R A R A 2 S MRS e BiE CEERS . PERD 255 R, Bk
S Ki67 FREER R AT .

5.2 AL mAL

3 T [ J A APF 7 BB VR T = 4E (2017-2020) 512 T B K SE R E B g 2
SAEIRI R, BTE AT TN R B E A AR EREIZ WIS 2R R, s
263 Il BE A, BIENAOE BEEAEEEE (. Fi). KA NS
(T1C, T2 Flair)MRI B . RJGHILILIE Kie7 FEE4E R CIRYE WHO K67, A 0K
Ki67 FREUKT 10%MCNMK Ki67 $850, Fridh 0, HARMIFASE Ki67 185, tridh

37



Sl NE R Tl = 2 VA0S 5 JG ROI F MRI 5218 1 Ki67 $8E i &k

105D, Hrp B H 113 5, FROMIEEE 13 5875 %, FHRFERE 45 %,
= Ki67 FEERIK Ki67 F8504 B 140 R0 123 45, S0 B F 5 SIS &4
20 5K FE AN JCEE o

BEs 3 i

T1C-IN

Merge-IN

-] ]
X

FE R bk -
B 73| iz
T2 Flair T2F-IN
-/
% E§5/100 >
S5 1 for S14.0 Z >

) R

\ Vector-IN /

B 5-1 R L inAL

AR T EIRAR N 5-1 Foos, O 7 HERR AR SRR SO0 BUE T, Bk
Xof Sk BB MRI UG 4T 11 ) 35 45 2 i 245 MRT [BI%, i i g 20 B0 B0 20 E e 1 i
SR DX 3, K ARSI S MR BRI 73 B H i B & R TIR A (224,224,2) IR
TE EME, AN s TE EIE 5 BIFR A TIC-IN,T2F-IN. Btz 4b, ¥ T1C-IN
T2F-IN fEG A FH TR AN (224,224.4) FIVUIEERIE, F7 Merge-IN. N T 555
ERZACYERE, WM T R, ek R R AT R 98, EHI KiNet ATHUUT
BIME T ZIA— e . X T R ARE BooddE, BRI AER gLy 2 * 1 1A
B (HEAEIEAN 0, AN 1; FEE 100 FibR— 0-1 Z M FF 30 5E1G
KA R B R BUE R N KiNet B HIHIN

5.3 ZARS 2R B2 P 45 15 7Y

FER TR 2 BB REAT AR R T, ZRESRINE QAN — DR IER. 2
SRR LG RET R RS OE 2 IS B, H H AL B A CIBOR B 244
RIS AN R 2 A8 BRI CHNAS ST A R 1 22 240 MRI AR i 225 B8O,
HORDE T B A R R T e
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5.3.1 ZAEST 2R A2 P AR R 5 1)

FEATLH, 52 CentralNet AR EARMK) 5 &, KiNet #7242 tH H T Ki67 $a 5030, . 40
5-2 i, RERALE T PN IRSL IR S BN 73 SCBL R AN RS =AM XA
PRESR TN Ki67 $65. B I2SCHGZ — ML 70263, TS ResNet A,
AL DUANRFAE SR H B, 3% RS DY AN B2 8] 70 3 2R 3800 2/ INRFAIE Bl 8 35 25 1Y
I, B IUASE B S B 4 R P B A AN A R A o R R . R, TR
M5 FEREASHT B H AR 5 #0280 445 J2 IR 5 70 7 3 R ) 0 28 45
RO IEP PRSI E YN IS S P

TIC-IN Merge-IN T2F-IN
(224.224,2) (224.224,4) (224,224,2)
1 [ !
+ 5 A
| 3x3xlconv,16,2 | | 3x3x1cony, 32,12 | 3x3x1 conv, 16,2 Classf
. assifier
‘ 3x3x1 conv, 16 ‘ | 3x3x1 conv, 32 ‘ 3x3x1 conv, 16 e .
1
‘ 3x3x1 conv, 32 ‘ | 3x3x1 conv, 64 ‘ 3x3x1 cony, 32 i glohaliwgpuol :
¥ ! ¥ ' - !
8x8x1 pool, /2 8x8x1 pool, /2 8x8x1 pool, /2 \ fully connection, 2 j
l floss
——>| Concatenate, 128 ]
| x3block,64 | | 3x3xlcony, 64 | x3block, 64
| %3 block, 256 U Classifier
I Noss,
—’{ concatenate, 384 —
%3 block, 128 ‘ ‘ 3x3x1 conv, 256 %3 block, 128 concatenate, 10
i | x3 block, 512 < > Classifier !
l Noss,, ‘ Classifier ‘
| xSblock,1024 G Classifier /1085
I Nloss
_ | x2block, 2048 W " Classifier
v v Noss,,
| x5block, 256 | | x5block, 256
v v
| x2block, 512 | | x2 block, 512
v v
Nossyc Nloss

A 5-2 KiNet #AK B 25 454

K] 5-2 fEon T AREY A EEAAHESE, T1C-IN, T2F-IN 1 Merge-IN £23% 2R FR B 2% )5
(PRI P 22 388 T $£ 4% (Concatenate) J5 1 9 £ 43 SC I« 7335 — AN BN 2
FH T — B B 5 BN 20 SRS ) 28— A i B ) iyt ddE PR B K R
JUEE i 5 A ot ) Sl P S A0t — N e B 1R B R A TR R

[FIFEE), A0 SCHIREANMRHERT B ol o TN @ g n, il 5-3 Fs, 2
PRAFEA M B H 454, FEAFI B block K T 5 ResNeStS8IAH ] (1 14> BV E R 1
Fgd, 5IA 1) ResNet ZBARFHEL, ANFR LG NE ) vHE &, HIReS 31T B4 1) 4
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RIYERE, KT ResNeSt A B (1 PEAff e T LLZ HESCHR88]

(h, w, ¢)
Input
Cardinal 1 ¥ I ¥ Cardinal 2
e s
| Split 1 Split 2 : [ Split 1 Split 2 :
=== ) Eeeees )L gEeseess N !
] |
| 1| Comv,1%1, |, 1| Conv,1%1, : : 1 1| Conv,1x1, : 1| Conv,1x1, : :
T I I O I I T I | I I
| | I I
| I y b Y : : | I Y | Y : :
: : Conv,3x3, : : Conv,3%3, : : : : Conv,3=3, : : Conv,3%3, : I
o e il e [ ] IR S V| IS/ I
| I____I____| I____I____| I | I____I____| l————f—___l I
| (hyw, c/4) ¥ ! : ¥ .
| | I
! Split Attention : | Split Attention :
S —— T ! S e anEEE !
(h, w, c/4) L
Concatenate
(h, W, ¢/2) Y
Conv, 1%1, ¢
(h, w, ¢)
+

B 5-3 KiNet ¥ 694& F 69 B AR 454

5.3.2 KR FIT

KT — D EARS LS E T Kio7 T8E03S, A48 7 M7 ingy 32 1)
FRIAT 55 CA R 3243 32 1 22 RPBETRIAT 55 o 42 RAS ST AR I 25 11 ZRBi B 1 353 5% eR 2
ASCK Ki67 FaEPIMTSAE N —A 03T 5%, EH TR Ui REL W
X 3-1 fios:
loss = =(ylog(p) + (1 —p) log(1 —p)) (5-1)
F2 03 TR SR SN

losspmaster = P1 X lossgy + B X lossg, + B3 X lossgz +

P4 X loSSgy + Ps X 0SS ot (5-2)
SR BRI AL Loss # 5 SUA:
Loss = aq X loSSpqc + ay X 10SSpop + a3 X L0SSpgster (5-3)

Hr, lossrycs losspop AP/ NMSLAR B2 SCRIHR, losss A& 3255 SCH BN R 28
i ™ stage fir tH 28 SRR, loss qr A 3290 X2 R 43 45 5 Sl ou i P gk
Ji B H RS SR K, AEA ST SR, i (i=1,2,3)=0.35,0.25,04, 8 (=1, 2,3, 4,
5)=0.025, 0.025, 0.2, 0.35, 0.4.
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5.4 sSpigdE B 5iHe
5.4.1 SVEVRASL N

kappa REGEHAEG U EP VS —BUER — R0k, n] DAURIKREEAT 70 RS R i
W RIVEAG, XA REEBUETE R [-1,1], bR, —B02[0,1]. XA REUW
R, UARRAE R SEEL I 73 FUER Ry, KT 0.4 I — BRI BLA SRR S 35K
Bk

5.4.2 5 FIREGA st gk Bt b

SR T RIS B R BAE A, RA T A IR, Wik T KiNet A3 3 9
LR MTE Ki67 FaETiAE S ERItEREXT L, JLH ResNet, ResNeSt #5R FH AN FHLAS
1) G R 28 th s 2 i i S AR 07 5, BIZE 1%\ & Merge-IN

F 5-2 4hH T KiNet FIEFLILZEBERIAE Ki6T7 FEETUIMAESS EREgexTbt, Hr
ResNet, ResNeSt #R AN [FIALAS (MG E R 2 il iE S i i) F AR & J7 20, BRI 2%
HI%m N A& Merge-IN. K] 5-4 JEoR T AN EIFH & 25 58 1) ROC ik .

k52 REAY 2 B 43¢ Ki67 4545 69 T 1 4%

it AR UL Ry RE AUC Kappa
ResNet-50 0.691 0.693 0.689 0.724 0.422
ResNeSt-50 0.724 0.734 0.715 0.764 0.451
CentralNet 0.725 0.745 0.705 0.762 0.450
KiNet (&30) 0.752 0.755 0.749 0.788 0.472

% 5-2 rPERE A 5-4 TTRAE Y, CentralNet A ik FH o /25 i & 75 4 B o
O 22 J2 YRR AE AR LU a7 B AR A IE B 0, T K67 FRELTINAE % U R 4F . KiNet
P2t P ) 285 B AL BE A R T AN [ 2 UCRR A 2 2 (RN R ORI R IE A AR AR AT 45 R
JiE 3o = 9 Y 4%

z
2
E 05
c
7]
W 04
034
024 ] —— ResNet-50 (AUC = 0.724)
—— ResNeSt-50 (AUC = 0.764)
01 —I’ CentralNet (AUC = 0.762)
—— KiNet (AUC = 0.788)

T T T T - T T r - - -
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
1-Specificity

B 5-4 RE &AL A Ki6T7 353 Fn4E 449 ROC w &
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5.4.3 WHRhsZEE

N T EMEZR KiNet & TARSREIER], ATt 1 iH Bl SI kR KAHIE KiNet H
TR (ZRERHUR, Merge-IN, JoEidi) XBIAVEREMI RN, K 5-3 44 T KiNet
R0 Rl SIZ 56 1) &5

% 5-3 KiNet 7 % 52 35 69 700 £ A%
P B EFNEEIEN Merge-IN TCHRE VR R AUC

1 KiNet 0 0 0 73.5 0.766
2 KiNet 0 0 1 73.6 0.768
3 KiNet 0 1 0 74.2 0.773
4 KiNet 0 1 1 74.3 0.774
5 KiNet 1 0 0 74.6 0.778
6 KiNet 1 0 1 74.8 0.781
7 KiNet 1 1 0 75.0 0.785
8 KiNet 1 1 1 75.2 0.788

E: 10 ATH/IL

MERMEE I LA W, S50 8 BAA SN TERE, FRISIE KiNet 91 25 45
PRI A R, S256 1 A1 S (2 f1 6, 381 7. 4 F18) Wt T KiNet ikt £ RE
PRI R0, AR R BE A5 2R 2 R I H AR 22 Ba st iy UG e 75 DL RARFEAS S, 0 T8
TG PEIPE T DL RFAE 5 ST #G F IR K B . &t 2R AS 5, &4HE T
% RIEHRAELLFIB55 54 0.025,0.025,0.2,0.35,0.4 I 4R GEBUS B ITFHIVERE, X
FESEFPFERE b 350 R E RRAE XS T B T & SR B s B K . LA s 1 F0 3 (2 Al 4,
517, 6 F18) ISR, KiNet HHIEINAIIL T Merge-IN G824 Ki67 5 ZHii i >k 7
Bi. Merge-IN i HIEH G IR EIUE, G SR RS RIS, AR TR 5 )
FIANFES BRI E . KEEREREE EORB M. SE8e 1 A2 (3 14, 581 6.
7 K1 8) HREMEE Y, AL AR PR DA R AR S LE A ) S ) o B R (0 1 R AR TN
F 0.2%, XK BERST TR B 1) Ki67 FREmmix — B T 5%, B pER
FAE RSN AR ST PR R PE BB SR THEC /N, IR 0] B2 DR A 48 I TR 72 N R 1) 2 IS
FEIAR ™, 0] DR 30 #h 22 5 T3 R (%) BG 5 e 0 2 Ml AN R 3

544 5 vHE

AL E LMW B AT LA T TIR 2R R MESLE, 23 CentralNet A5
ANNERIFEW, ASCE B RRAEE 7 XA E R ZE o m AR E, KB E
S BARE), 6 Ki67 FREINAES, Bt = Al RIBCER I Ia 0y
B5)or A, Mg MR ESEnT AL 45 R an i 5-5 , BB T1C M
T2Flair i/MEZS IS5 CentralNet 523671,  CentralNet H = /N7 73 32 % B 1 R IIAUE,
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BB AT LA AT A S H O P28 TR BT R EE o T DA 381 32 43 S BB 5 P 28 I, DT R eRoR oK
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i 3
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0 |
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b, AR A B IE PR AE B IC R AR o X 3 I — B B E 1:2:1
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BN, ASCHRFE T BRI 53 SRR 25 SRS 187 AR ST 268 o TR T84S 43 S I 4 R A R
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e Tle BB S T2 Flair 2%, KT Tle BN SCE 1 5 R IR R AL
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A TR TR 1) Ki67 $64, HUf3 7 AUC 0.78, Kappa RHH 047 LR . @i
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