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Numerical simulation of pure solutal Marangoni
convection in a shallow rectangular cavity

ZHANG JTANGAO

Graduate School of Engineering Science, Osaka University

1. Introduction

Marangoni convection usually occurs in a liquid layer with a free surface driven by
the variation of free surface tension due to temperature gradients or concentration
gradient. This convection has been of interest to researchers due to its rich dynamical
features and its wide existence in nature and industrial processes, such as oceanography,
droplets, thin—film coatings, and crystal growth.

Numerous fruitful research findings on Marangoni convection have been reported [,
However, most of the studies only considered the pure thermal Marangoni effect, while
the solutal Marangoni convection plays an important role in coating and crystal growth
To the best of our knowledge, there are few works focused on the solutal Marangoni
flow. It would be an interesting phenomenon to investigate since it occurs in some
processes. In this work, we perform a series of three—dimensional numerical simulations
to study pure solutal Marangoni convection in a shallow rectangular cavity to shed

further light on flow characteristics and flow pattern transition.

2. Numerical method

We consider a cavity filled with fluid, as shown in Fig. 1. The top boundary is the
free surface, while the other boundaries are the cavity walls. The Cartesian coordinate
system is adopted. The length, width, and depth of the cavity are Z, L, and 0.1L
respectively. High and low concentration values, @, and (, are set at the four boundary
corners, and the linear solutal boundary condition is applied, as shown in Fig. 1(b).
The Marangoni convections along the free surface is driven by the surface tension
gradient due to the imposed concentration difference

For simplification, we assume that (i) the free surface does not deform under the
effect of fluid flow; (ii) the fluid is incompressible and Newtonian, and its physical
properties are constant except for surface tension; (iii) the no-slip boundary condition
is applied except for the top free surface, while the solutal Marangoni force is taken
into consideration on the free surface

The governing equations of the fluid flow in the cavity are written in

dimensionless forms:
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where V. = (V, V, V) is the dimensionless velocity vector, the dimensionless

concentration is defined as ® = (¢ G)/(G - G), t and P are respectively the
dimensionless time and pressure. Sc = v/D is Schmidt number, where v is the kinematic

viscosity and 0 is the diffusion coefficient. In this study, the calculation has been

performed for the fluid with Se = 10.
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Fig.1 : The computational domain and the boundary conditions.
The boundary conditions are defined as follows:
D=y (x=0) )
O=1-y (x=1) (5)
O=x (y=0) (6)
O=1-x (y=1 (1)
D
67 =0 (z=0) (8)
0z
and for the free surface (z = 0.1),
orv. 0) od
%Z—Ma@, y:_Mai’ V. =0, —=0 (9)
0z ox 0Oz oy 0z

The initial conditions are expressed as follows (zr = 0):
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V.=V,=V.=0 (10)

O=x+y (x+y<]) (11
D=x+y (x+y>1) (12)

The solutal Marangoni number is defined as

Ma=—o, G=CDL

y7i%

(13)

where or = 00/0C (£0) is the surface tension coefficient of the concentration field.
The finite volume method with nonuniform grid is applied to discrete the governing
equations and boundary conditions, which are solved by the pressure—implicit split-—
operator (PISO) algorithm. The computation is carried out by using the open source
software OpenFOAM. Details of the implementation of the numerical procedure and the

validation of the numerical method has been conducted in our previous work

3. Results and discussion
3. 1. Basic flow

Figure 2 shows the concentration and velocity distributions along the AB and CD
diagonals at different solutal Marangoni numbers. The positions of AB and CD lines are
shown in Fig.2 (b). Large concentration drops appear near the boundary corners due to
the low mass diffusivity so that the concentration gradient in the middle part of the
cavity is smaller than that of the corners, as seen in Fig.2 (a). Also, as the solutal
Marangoni number becomes larger, the concentration drops increase, and the solutal
Marangoni effect enhances, resulting in a stronger fluid flow. Furthermore, every peak

of the curves in Fig.2 (b) coincides with each vortex—center position.

a
(a) 1.0 (b) —— Ma=25%10° ---- Ma=25x10°
600f _ Ma=5x10°  ---- Ma=5x10°
0.8} —— Ma=1x10°  ---— Ma=1x10*
0.6¢ 400 A D

S
0.4

o2l — Ma=2.5x10°  ---- Ma=25x10°

’ —— Ma=5x10% ~--- Ma=5x10*

0.0 — Ma=1x10* ---- Ma=1x10%

000 025 050 075 1.00 1.25 000 025 050 075 1.00 125
AB (or CD) AB (or CD)

Fig. 2 : Distributions of concentration ® (a) and velocity ¢/ (b) along the diagonals on the

free surface. The solid and dash profiles represent the diagonals AB and CD, respectively.
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3. 2. Oscillatory flow

In order to extract the three—dimensional disturbances, a fluctuation quantity

(6®) during one period is introduced as follows,

5D(x, y,z) = D(x, y, z)—LJ‘TOH" ®(x,y,z)dr (14)
T, %
r

Figure 3 presents the computed snapshots of concentration fluctuations on the

free surface and the corresponding space—time diagram, which consists of a series

of parallel stripes. It is evident from Fig. 3(a—c) that in all three cases the

maximum fluctuation of concentration is proportional to Ma number.
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(c) Ma = 2.5 x10*
Fig. 3 : Snapshots of the surface concentration fluctuations (left) and the corresponding

space—time diagram (right) along the AB line (see the definition in Fig.2(b)).
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At Ma = 1.3 x 10", the flow has destabilized and bifurcates to an oscillatory
flow. The wave pattern propagates from the low concentration spot (point C, D) to
the central region of the free surface, which is synchronously accompanied by the
weakening of concentration fluctuation during the propagation process, as shown in
the space—time diagram in Fig.3(a). As solutal Marangoni number increases, i.e.,
at Ma = 2 x10%, concentration fluctuation almost covers the whole free surface, as
seen in Fig. 3(b). Also, the wave pattern transits from the spoke pattern to the
U-type pattern. In Fig. 3(a) and (b), the wave patterns always keep symmetric along
the diagonals, which is called the “SW1” hereafter.

When the solutal Marangoni number is larger enough, i.e., at Ma = 2.5 x10% the
rotation wave (RW) appears. This secondary instability should be attributed to the
appearance of the pitchfork bifurcation, as pointed previously .

With the further increase of solutal Marangoni number, as shown in Fig. 4, the
fluctuation of concentration close to the high concentration spot (point A, B)
further enhances and covers the most region of the free surface. Wave pattern only
keeps symmetric along the line AB, called the “SW2” . Moreover, as the quasi-—
oscillatory flow appears, the oscillation period becomes larger, the stripes are

more complex, shown in the space—time diagram of Fig. 4.

Fig. 4 : Snapshots of the surface concentration fluctuations (left) and the space—time

diagram (right) along the CD line when Mz = 3.25 x10%.

4. Conclusions

A series of three-dimensional simulations have been carried out on the solutal
Marangoni convection with a linear solutal boundary condition. The following
conclusions are obtained from this work:

(1) At the relatively small solutal Marangoni number, concentration drops appear
due to the low mass diffusivity, which significantly influences the fluid-structure

(2) Once the flow destabilizes, as the Marangoni effect enhances, the wave
patterns change from SW1 (Symmetric wave 1) to RW (Rotation wave), and then to SW2

(Symmetric wave 2).
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60 1

40 L [ 1

20 1

0
() (6) (6) () (18) (211) (33) (19)
A P ““‘E ﬁr;ﬁ /*g '
A QV//G_J 5 : =N lh
HAMICanyy IR % IN=Ed By—*hk % IN=Eo

K4 Highsalt-MT \ZDOWTOREER Y 7 A Y 7 L FMHEE
EHRIERE T COMT OGS 7 AX ) U IHERZK 1 ERERIORT, 2ERO#ERE 300 Ay 7T va
FTH D,

F7z, HoloMI TIZ9DDI AT AL DHIBL2FREIFRDV AT A (C2, C3) [THEHA
FUNREL TG Lz, ZOBEE LT, C2BIVC BHEHA AL Ty v 7ENDZ LN
WG BE D2 D TIIRV N EB LT, T T, 2BIUNGBOTFA—1EE (-S) 271 b
Ty v 7 THILET. TAL—FECSH) ELT 3pus DI = b—va r&47-7= (SemiApo-
MT), ZOFER, Holo-MT TR.LNIZL IR a~V v 7 AEFESERIROMBEN L b (K
5. 6), ZOZ LMD Holo M #EIL C2 BIUC3 DX ¥ v B FIZ X > THEEI NS HIR
Wi, Loz, ZREHHA AN 2 BLUOCIZLE L THEEGT 2ONIRHTH 5,

60 1
40 L 1
20
° (1) (10) () @) (6) (25) (235) (18)
o T 4 A 2y ’C__t ™y P Vo
I HEAR A S a
HELEZYY LTI P ZIN=E RAR % IN=Ed

5 SemiApo-MT [Z DWW C ORI 7 A% Y > 7 LR EREE
SemiApo-MT (ZDOWT DT T AKX Y > TR a X 4 L [FERITRT,

X6 (/) Highsalt-MT OfFEMEE, (£) SemiApo-MT DRFEHEE
Highsalt-MT 38 X O® SemiApo-MT DA FEHEE 2 <4,
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C2 DJEL TABITEUL L TV DFRIE AT ~Tz, £ ORER. Asp2 73 C2 & HLTHgRA A2 LS
LTWBZ EBHLNIIR 5T, Asp2 1EMT D B KA A UMe—DEMET X B TH Y | LD
MTIZBWTHEERITRE SN TV D, BERIZY AT A v ORBEHHEAICED 5 L STz
25, Asp2 bEERBEEZ L TWE I ENHLMIR-TZ, BF N2 RRED—EO&BRKEETT
—ZEFRET AT UmEFA L TV D, Asp2 IZxFT 5 A RERIC L - TREGEME~D
FHEFRD Z MR END,

)
47A SN
..

5‘0, 2.0A

2.

s W

Asp2

7 Asp2 O
Asp2 JEIBA D FEABLAIAE 27~ T, SO RBTRBENICE G T2 L Bb okiGE2K L, TOEREZ R LI,

4. $E

A TIIANEREREE A 2 2 7= MD IZ K » THighA AL OF I LD MT OREEZERMEZ TS H
L7z, RO LBEETIEREND a~V v 7 ARG L LESE, M O&RBENL 2T
TLHRBRER DD, Flo, EROMWENEREE TR SIS B — MIRLEThH T, FEITHFRIC
DL ApoMTIZ7 BT 7 —BIZLDAE THoloMT LW B REND Z EBRb-o TS,
DT EMNHEBRATUNRZ LIZBEE TIIARNE L 705 NT WARLE B2 — MRk L Tl
RMDIHREND Z ENEZBND, £, M IZEBEZHRF LIV R LIZ0 35 2 & TR
HICHREZ R T 5 LB 6N TS, Lol M BMEEET DL VW FHELY  Biesr ¥
RIGEMTOEET DI ENRBEIND, 2O XD M EERAOFEMARERITEREY 710
RIEDIF A= ALERONITDHIEAL S, BEOZ I ENS M OfEG/N— M —% 3
BT 5I2id, B ERNS 5 WITERBRAO e A B BT/ 5,

L
ARFZEIT 2021 FEFEFTARFEFIE L o ¥ —FF - LWERA (T8 ) ETH LT
DEBREEGH VXIEOEAFT I A)) ITL-oTHESN, A—/X—a 2 —#%— Reedbush
W CER Iz,
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PaCS-MD S EERMZERALEZ VNV ERBREEBRRROER

5 B P

PR PRI ER A v 2 —

1. IZCHIC

2021 FLE (RITH) A— 8= ¥ o — & —35 T VR B HERS B O BRGNS [PaCS-MD &
BRI BN L2 )0 BREGEER R OBRR | O EHET 5. MENAIL, IR
BRI TBIE U 7= AR RE I BIR T 2 & L R B OREE L 2 DRI HER + D 3 AT IE
(BEY 7V 7)) OB THD.

2. 4vrO¥sYaYy

ERNTIEZ VX BHRIZUD LT D4 M0 3 BIE L, AL . 2o
JBEIIEER O EERTHIIHMAT 52 & THIEEZHEL TWD. FilxiX, FAA UHORHEE
IRHEERAIC L D B (DA R) Z38ik L7200, fho X v Rr B ESE L CTHEA RS & AL
L72D, Bex s bV EREEREICBIR L TV D, S OISRz BI T2 2 &1L, 4
REEREDIRATIC B W CIERICHE Th 5. A bz BB T 23 AR P FIEL LT+
HHFVIalb—var (WD) RO THY, BEmFEE 0K LT ERRIFEEICHRIHSR
TW5. MD I, E#HFREXEZ ERINCES Z & TR A2 BALT D7 I BEXAFIT A%
BEFCE . LALARnD, AREREICEIRT 5 % v /37 B O KBS EZLIiEE o MD 238
BRATREZRERI A 77— L L0 BB BRI CBIAI SN D TEMFEIL T A XU b ThHT),
MR RETH DS, WD FHFER [1,2] 2EE2RMATIE, 2o 7 BEOY A X hENb o
DOV I K SERF M AAFEIC/Z2 > TETIN D H OO, Zib O CrfliZe it 5k % Fi)
MTELMEFRTRONTEY, ETOMEFEIHMIN T D DIT TIERY. #IiZ, BIEH
POBHNRFHE I A ML Z RV EORKME A F I 7 22+ 5 v 74X by
TV TFE] OBRBREENA TS,

ABFFETIE, & 287 BOEBBIERIEL LT Lo b A7 — REIUR Y 18 1 3R
(PaCS-MD: Parallel Cascade SelectionMD) [3] LHFE D 1 >ThHhHEFEHRMEEMAL, 4
RHSREICE S 22 7 L XV B ORBFHI A A F I 7 A (LT A X0 ) 2RI T 2 TRER
FE PaCS-MD (ad-PaCS-MD) | ZBRA¥E L7z, BRAARIZIE, THEEZEDO LS ) & EEDRE S
Ze SLHERRANC 10 eI U B AN i OIS A RFE L, PaCS—MD ORI I B35, PaCS-MD
DEYA T MATIBNT TREER SIS = EBHERNmORIE] 2> O EREH MD 240 kK42
ETCHRIEERAHIE L, MEAl (BBREK) % BB T 5 ad-PaCS-MD ZBH¥T 5. =
Z T ad-PaCS-MD DOBAFEIZHENL D, PaCS-MD OREREY > 7V o RS OB % FEd T 5.
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PaCS-MD 1% % > /)7 B OREEIAL (&S

|
B) RREMICERTERLT A< by X

*
VYIS FETHE. W1 AT L H
PaCS-MD O BRI ETFIEE, (1) Ekom T R
HERIMD 75 B B RESR (D B L 55 T-H 1 A JR 1, wns D)
(2) RIS 2 MRS & L CRROVERER WD

YIEAERIR
AT LD T 2 L CH R e R R RN VB0
BIoF %, FRICHMAIEAF— ATH P —

R, (DE@QMNBREYA 7 NVEHRYIRTE o DBBERR

R EEMMD
F AR RS T OMEBB L HRSE X 25400
B LRTED, WICEBREREO G T o E?
Y A SRR L CHRAR L7255 PR3 7 B AR WD ..
RO ET YA 7SR D, AR B scpmsssomms S l
T W A L & AR SR B HREECRRIT RO
PaCSMD 13BE4 72 2 — 7 v MM S, Ak IR
HSAEIC BT A MBS O SRS LT & 72
[4-6] 1: PaCS-MD DOHEARX

PaCS-MD DFEAMIIZBI L CiL L B = — 3 5L
[7,8] BTSNV PaCS-MD 1L, A T AZNT 52 L #EMOEBRKEERT 5.
WERIETIE, WIEEBEZEET 272 OROREZ®IRIC LT MW 2FT7T 50, ROFFEOH
TR T v e nole INAT A ZRMTHZEMELAETHD [9,10]. 1

SEICH UCARFIEL, MIGEEZZRE L CLE 2L, BRSNS WG SR L, &
BRI MD IC L A& o 7Y U 72D I L TWL TR0 T, N7 ZEHA LAV, HiZ,

R A= B — T D 72D OWEFFE b LI L L, RFIEIC LY 2RISR N
ARECH L DIE, MEV 7Y 7 R2BLT IS LOJEE LW i) o HBlER 4 E
R ERESETHENLTHD. FIIREEORIUCH - 0 Hix RUGEERE Z Hb. &
ONCOEBBLEORMER 30> THDHHEICHE LTI, BMEEICHT 5 A R
(root-mean—square deviation: RMSD) 3%z b5, filziE, &V o7V 7k visEs
NHb7Yx7 RN & RISD DIETT ¥ 7L, EO/NSWIEIZAF > 7Y 3 v b &g
WU, JEEERD MD OIS & L TREERR LTV 2RIk, Gelckilg~r 30T,
LT AR "t T2 2N TED. 220, KISBEIMEREICIEEFRTHY, RMSD (2R
LPIEETE S, EBOBATIE, M LWL T AR b &0 5 4 B 7 SO
EWEIRETHZ ENEEIC/D. Fio, BREOHENRMTH DG, PaCS-MD OILIE L5
(272 %. PaCS-MD DILIRICH TV, BRIEOKEEDR RN TH D56, 10, NUSEEROFRED
TEDRF VAT LEIFELIRNE ST D, &) 2 iBNEET/R->TL 2.
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3. F&EBAR (ad-PaCS-MD)

ERICRERAN AT LANETLTVWAZAF— L4

E%F— 5 RERNS 27 LEME
| \\ ,/ the (i-1)th cycle
'S \ / Y \\
2 ! 5. X Matrices
Wlo© =)
o) —E%F—4 s
m REWED 5 HFE L =MDH ‘ \
ST BERT— 4 ~ Ry
" -',f%; P ad-PaCS-MD?# 4z FERA Niniia
) 175 (MB) o
%%,g;‘ ;9 : Initial Structures
EME
RIER A 7ILEIC, REEDS VBT A#BRE L,
l FUT B RN BEMED SERHMMDE Y 22— b
REBRAN AT L
- FaERIMD SR
.. — - * REMEH HEHIIMDE
| I | l YRE=FTBHAIL
..... I ERYEFILT
HisEBE{RE

2: ad-PaCS-MD DF%EFEAH

AMFZETIE PaCS-MD DIEIE & LT, # v /R0 B OREER 2 2 Bm i 4 % PacS-MD & £
WeEE (REHRm) ZEAT 52 CABKBICEERY LV EORMKE A A 772 (LT
AR R) BRRENCHI T S TRE AR PaCS-MD (ad-PaCS-MD) | ZBH%E L7z (1% 2) . PaCS-MD
1T, HEEE R A SR T D MR @ O WIS 2 R L, BRI O 43 1B ) EFE (D) A AR 0 K
T ETRRIILT A X b adil 2. AWFE T PaCs-MD AL, KV 2RI LT A~
v N E AT AR S . BRI, TS Lo Lot &) & g0 RT S %
FUERRENT L0 RESAHT TRE B SV RIS 2R E L, PaCS-MD ORI IEICER AT 5. e f i
X, Z o R B ORI A B LT DR T A W L U TR L TR L, B
O ERREA TS & i O MEL R BB ITAEIE B L O3 W2 X7 Bl & 272 LT2. ad-PaCS-MD D4
YA 7 MTBNT TEREENEVEE = BRBHERNEVEIE] 2> 5ERFH M 20 K2 & T
HEEER A A L, S22 0 (BRI 2 BB TlIATEE7: ad-PaCS-MD #PBR%E L7=. UL Eo
B3 JEARIZ H-3 & Reedbush-H F T ad-PaCS-MD % 5E3E L7-.

ad-PaCS-MD DY > 7V FhHREFIRD 120, MK SHFEER CTH D T4 U Y F—24 (T4L) I
i L C Open—Closed Hi&E M % L7 A X0 k& U THIHCTE 2 GE L7z, BRI T4L ©
Open iEIENHMD ZFEATL, oM h 7 V=7 MY 28 L7oob, BERI S AT LAEiE
ELI ZORFERMVATAEANT R I VP27 FVICEERDBFEEOEV (HBLHEROKE
V) Z N7 EREE R U, RERER] MD 2R VR L7z, fER L LT, TAL @ Open i 6 A 2 —

kLT Closed #iti~% 2 BHEM 2§25 2 L ICKTh L7z, ad-PaCS-MD bG5B T
=/ M EBLICVAaTREETVEAHBEL, BT RVX—%FH L7z (K3 /£). ARTx
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TAL (1647%E) D BT /L ¥ —HujE

ad-PaCS-MD#% (100 ns) + Opent§EX 2 — L@
MSM##E (50 ns) EEOMD (1 ps)

9.6 6.C
8.0 a8
=< 4 < 36
24

3.2
7 X 1.6 1.2

M Closed

-1.5 - . 0.0 & S - . 0.

0
PC1[A]

0
PC1[A]

Xl 3: ad-PaCS-MD (/2) & EHED M () DEZRMFEOLLEL

JLER— AR T K 512, Open A A4 — ~ LT Closed ICE D 2 &M OBEBALRE £ HhiH
THZERTETCVAD. BHED M THIOEIRLTANY NEMET2Z ERNHELWE
¥, Open #§IEMNH AL — kLT Closed M E HEBRE A MHT 22 LixTExRy (K3
£) A EE Y, A5y 1T ad-PaCSMD 2T % Z & T, BIEMRER 2 2 TRz L7 A
Ny N EHTE, A RBEREOMITICE kT 2 & IR S D, BUE, ad-PaCS-MD 2 Ak D fig
B a2 MHICEH U720 PR 2 5 L TV 5. HEIROEAL, ¥ >y BRI EER %2
PR T8 CHOTEIZFER T & D720, BRI R R AR 2 P & 5.

4 FLHESEROEE

PaCS—MD % ad-PaCS-MD & L CTHLERT 2 Z LIC k0, ERBEOHERRM TH 25512 b
AIREIC 72 0, HIEHEIE D EILIAFAET DAL EIRIE~ D BB R B #RICHE TE 2 L 51T
5. Fie, Fro87BORMMERECIES R TA 2 IS IR L TV D e, v A
T MMEAF CROS AR 2 B R T DMEN 2, PAMR SV, 5#%1% ad-PaCS-MD @A L, ¥
NOBLBURIE, DL, Z ST EE L Do IO TGS LTS
BEAT 2 BRF T EORERCAREERRR & W o 7o MRS Z b2 i L T & mv. JRICH
720, HEHHTIITEASERICE L THESHICERTE .

5. B
AWFFNE, HRRKFEERSEE ¥ — AT - RIS HE | 2021 4B Gl OFR
SHEH L LT, Reedbush-H ZF|H L CHEMInr-.
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SEWHELIaL—2 3 VTRATS
4% 4 7 LAEEER ONNTY) OSEHEAE 2 = X L

R H 4 %

FUERTFRF B BT RAEM NG B v 77 A

1. [FLE&HIC

2021 FREE (RTH) R—/R—3 U B a— & — 8T MR B HEE I ORGS0 80 )7
VX2 b=y g ORI D HERF A FLEEESR (DNNT1) OFEMEAL A 1 = X 5] ORFFERCR &
T5.28, KX CIEIMKEOAEZ LT D720, FEMIZ OV TiE Journal of Molecular
Biology (JMB) 52 ##% ST a3 (https://doi. org/10. 1016/ j. jmb. 2021. 167371) &M L
TIHE 720,

2. 41orE&HaY

T A_NTOMIITIEARIZF—D DNA BF A H L TWD 00, B 0WEE2F>. 2k, =8
T BRI D DNAERiN B 5729 Th 5. DNA 2 F RIS EN 2 7 ) AO—H T, #
CH CRREMNER T RAZFET L2 EBNMON TV, O, Ml bz thd &3
DR IRERNO T B ZIZB W THBEREE ZH TWD. HIZIE, 7 b TV T 4 v
7R X Yt ARDOATEMEALIL, DNA A F LI L - THI &R Z SNd A v FOREHITH S [1].
ZDDNA A F A FEIC 2FEEFAET D2 BB TS, 1 DHIX de novo A FAALT, AT
I RE — 2 DFENLZ R S TV A, L0 I, FIER ORI, ML b A F kI Tn
72N DNA 5% A F AL T HEEIZ RO, ZOBRIZ LY, A TF LAY — BRI E N D &, il
RO, ZDAF AN = BHERFT 5 2 ERMBIZRY, 2D 2 DH O A FALEEIZ
b= HMEERA T AL TH 5. BRI, DNA EROES, B84 DNA A F b8 — 2 & a v —
L, =5 AERZ B DRSS &M< E WV BB A - T 5 [2,3]. — IS, 20
£ D72 DNA A F/LALIEL DNA A F /A kli%E#E 7 7 2 U — (Dnmt1, Dnmt2, Dnmt3A, Dnmt3B, Dnmt3L) (2 X
DHIEE TV B 4], DNA A FL{LEEE Onmt) 7 7 2 U — 2 Z OERICE Y KO T 5
&, Dnmt3A, 3B, 3L 1XEIT de novo A FIAKIZEAS- L, Dnmt1 X FNZHERF A FAARIZEE S LT\ 5
(5l AMEEFEDT —~Th b HHERF A FNALBER 1 (Dnmtl) ([CEFH T 5 &, BEREAOICIEA~ I AT
JALDNAIZ A FNFEEINT DEER CTH D &V 2 D, £, DNA A TR H — (T B8 HLIC
MET D70, Dumt LI OMERHCR Al R e BN 2 H - TR 0, MR 2 4h & Lickkx 7258
EEBICEE L CWDZ En LTS (6],

Dnmt1 OFEPEIL DNA I OA TR SN D 72O EEICHIE SN D MER D 0, iR ST
SOy 7AW 72 FEBRIZ K 0 ARk & ZRTEMERIEI A 1 = X ARHE ST L. SRR T,
EED Dnmt1 OSLARFEE SPIE S, K9 1600 7 2 BREEEN O 720, B2 RA A V&2 FD> 2
ERBHOMNC o CE[7,8]. EH T XX L LT, Replication Foci Targeting Sequence
domain KA A > (RFTS) 73 Dnmtl OfE KX A LNZAVIAATHD Z ENHLMNI -T2 O F
¥, DNA FEHLIRE LIS Domt 1 @0 DNA F5 AN BB L TR &3, IHMEM V. Z D728, IHMEALIZIE
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Dnmtl O KB EENLETHD EEZXONTE . —J, 5 TEMFEN R FERIC

Y, RFTS 73 Dnmt1 &~ 3 A F /LK DNA ~ & B fr s A ) 7 b— 4 54 U%ﬁof“é_km
S MZENTWAI9, 10]. X D EEAIIZIE, Ubiquitin like PHD and RING finger domains 1
(Uhrf1) 234 —7%" > k DNA @ Histone H3 tail (H3T) Z=EFF b4 5[11]. FiZ, Z D Uhrfl
RAFI 22 & % F A b %, RFTS 25383k § % 2 & TDNMTL 28~ 3 A F /U LERfLIC ) 7 v— b &Enb
LB [12,13]. 2D X 91T, B A PO EHF U AbIE Dnmt 1 (2 K B EALKFFLF 2R DNA A 5
MED~—T— LB ENTWD. S BIC, TFEOFERY - FHAERFZRATEICE Y, 2&EFTE
J A XF AL E N HT A3 RETS ISHE A L, RETS (LA 2> & FERfE, Dnmt 1 23 EMEA > Z &
DB S MNZ - 72 [14]. & O, Domtl (X DO = % F b7 — > (K14/K18, K14/K23,
K18/23) A3 5 H3T LiEA L, TEHALEN D Z E A LNTR-> TWAD. BIREN Z &1, il
DLEXT ALY = OEWVE, Dimtl & OFBEEHFAMEEZE(LSEEZ EbHLMNTR> T
4. BARBYITIE, K14 3B L OKI8 @ 2 (T CF / 2 % F ok H3T (K14/K18) IZ Dnmtl 125t L T
HEWEATEMEZ R L, K4 B OVK23 0 2 AT TE / 2% F 1 b &7z H3T (K14/K23) 13k
BARVEATEIEZ R T5, H3T 2458 L TV 2 DD B F 45 F (Free Ubiquitin) (& Dnmt1
WZIZ & A LR Lawn[14].
’@ib&%ﬁﬁw’;@Dwnﬁ2“%f;5#%ym5htmnK;Dﬁﬁménfd
A FIALERNAL CTRERANIEEZ RO L W D A D =X AR LM TE 2 L L, iEE ki
BT D HIT OBEEMGD & LIZFER D T A D =R LR X F A Z — o DL VA
EEDOENEL D A= ALMIONTERPThH 2. £ 2T, AT X F b A b
N2 KD Domt 1 JEMAE A I = XA OfEHE A E LT, (1) Kl4 / KIS TE/ 2 FF v{bah
72 H3T (2) K14 /K23 CTE/ 2 ¥ F LI N/ H3T (3) BT AL TWwhAWn2 D025
YV, D3VAT AL TRR o FEI)FERE D) v Ialb—varaFEu L (-1, &
HIIC, H3T OREEN AR ZRER 2 DD 2 v % F v OEREZHIFEIL TV, 200/ 2 F
F Y MOMAEEMZHET 2 2 & Thmtl & OFESZIEET 2&E2Ho L b o 7.

(c) K14/K18

10
H3T ARTKQTARKSTGGKAPRKQLATKAARKSAPATGG\/KW

K14/K23

1K B TR LSRR L e 2 b HS tail 7 3 RS
(a) K18/K23 @ 2 i CE / 2 X% F LALENIZHT (F) & 2502 FF 41 (Ubl, Ub2, #R) OEEKKE
st (PDBid:5WV0) (b) Dnmtl (%) & 2fATCE /X F fbE&hic H3T OSSR  (PDBid:
5WV0). (c)H3T D7 X/ BRBLAY. 3 DD B F AL (K14, K18, K23) {IA T4 b (RE) TER.
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3. &R

Dnmt1 DOFEMEAC A T3 = X b %5y L~V TiRB T 2 728, (1)K14/K18, (2)K14/K23 TE/ 2t
FF AL ENTZ HIT, G)HIT IZHEA LTV RN 25D X F 45+ (Free ubiquitin) @ 3 -
DY AT DTOWTRIFFM & 2 = b—3 3 & EHi Uiz, 7T OfEE, 13T NEET 5541
IEFF ALY =LY, 20D X TF NIEBIT D, S FHEERER Na v 2 o I\#Eiﬁ‘é
ZEPHLTR 5T LV FEHICIE, K14/K18 AT ATILKIA/K23 VAT AL D 2B X F [
DIy FHEREENE L, a2 7 F3%< 72> T -, BIZ, Free ubiquitin M54, K14/K18
FBEUKI4/K23 T H3T LG LI B F U aFIobe, o FMEEEAE LS, a2 7 Fai%<
BDHZERALNIRoT. (K-2) ZNHDOFRERND, 220X F IR IT 54 1M AEE
AL, 28X F o AbD Y — A Ko TR SN TWD Z AR Sz,

D
)
—
o

8 )
T ERERE o0
— 6 0.2 —
= E
<L, 5 X
w gO 1 s
= \A o <
a [ _ b
0 00 Munendiinnnnnnt oy e
22 32 42 52 0 20 40 &0 a0
Intermolecular Distance [A] Number of Contacts
(b) 8 (e) ™
=6 722 o\
£ 5 A
=4 > =
w o1 q.
g2 £ ’-I
o il ~—
0 , 0.0} hw M Y
22 32 42 52 40 a0
Intermolecular Distance [A] Number of Contacts
() g (®)

0.2 o]
=0 g )
£, 2
L 501 ()]
- O k| &

22 32 42 52 0 a0
Intermolecular Distance [A] Number Df Contacts

o BApbaedF Ay — iR A X T B OM AR
(a—c) 2 EXF MO TMEEHEICIBT 2 B LF—HfE PWF). (d-f) 2 X F o oroar 27 M
DUVWT OB (a,d) K14/KI8 DF / 2 E'FF AL H3T. (b, e) K14/K23 DFE / 2 X F AL H3T. (¢, ) H3T &l
ALTWARN 2 2D EXFF U051 (a—c) D% PIF OEIE kT TAF—U 7 (d-f) T, arx 7 M EREn
DOEEERNT, Kb@mWE—27 21 74 & () TER

N T, = B % F ALERALH O H3T DRRREICE B 5 &, K14-K18 D 5 A3 K14-K23 &t~ THE<
2o TND I ENRHALNIAR -T2 KI4-KIS D H3T (X 4 7L TH D DITxt L, K14-K23 13 10 7%
EHDZ L u2BET D EIEFICHBRNERTH Y, 2 BT AR D H3T ORISR
RN EDEREZAALTHNDIDOTERNWNEBE L. T07), 2 X F AL EALR (K14~
K23) D H3T X FF RIZOWTDHEM &I 2 b—3a VA FEM LTZ. TORE, K14 225 KI8 £ T
DRI DHEIERNZME <, KI8 225 K23 £ TOMBITFT LW LD T2. 5% v, K14/K23 D
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H3T Dt B &% F L ALERNL R O REEEIL, K14/18 D=L & 3 F L ALEALRE O BHEE X 0 b A& E E oM )
LELRY, INLO R F AL EOMEN 2 X F oo FEMAEERZREG L TS Z
L AR ST (K-3).

Intermolecular
Distance
K14/K18 ’ K14/K23 .!b%

Ub17s Ub276
Ta|I to-Tail
Distance
\ ’ " Type I
Rigid Region  Flexible Region Turn
. r 10 1
H3T Peptide e
Kis Pis Kis Kas

HIX: 3T N 20D EFF N5 3 L
H3T X7 T ROREERREIC LY, 2002 X% F 47 (Ubl, Ub2) O FMEEBEC E D X o 7% 5.2
YN i E2NE

MDY ab—a rEER L3 ODRICEWT, 2 EXF B0 I EMERIZ AT

CHIE 472 Domtl %3 DAEATEME & K< —Bc L7z, BRI, 28I S 4172 Dontl 12
XTHREEINL, AR THE SN2 X F o o FRHEAEEANTRLS 2512 N THRDH T &
WonyoTz, L EOREHTN G, H3T ORISR 2 RN 2 202 v % F v ORGEREZFIH L <5
D, H3T (X % F MO FHIMAERZHET 2 AN—9—L L TE 2 & T Domtl ~Df
GEREELTWD LT, (K-4)

EEEETE _}x‘

aAE*F2E DNMT1 &D
BEER: KX &EEE:

D

AEXFUE DNMT1 &D
HEEA : R’ EEEE: X

ERKRY
(tail)

FAM: X FUoMFEEMERE DNTL & OfEETEM: DB
bR b HIT BFEE L Z2WEA, 2 X F U O AERANKE <20, DWTL & OFEATEES/ NS eb. —F
TH3T FEET D854, AR/ NS 25 2 & TIWTL & OFEAMEES LS.
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NMRT—L2ZFRALEGEERFRET AT 2 AOMHEH

B Fn

ENZEBREREE v 2 — 7 MERSE T rY =7 b Fli7 ey =2 b

1. [ZCHIC

DNA LZHRAF ST A OARTE I, HEEUC X 0 THRICZ TR D O & [RIFFIZ RNA ~0 Tii5
Bl BUNRTBEA~O THER) OWBREZR TR L LTRET 5, —#HOBREFRHEHAA =X
ADOHIENCB W TR G EERAT v T THLEBEXLNDLDN, 7 LDNAMMPBRNARY 25—
B I (Pol2) I2&V Ayt ¥—RNA (mRNA) 35 LEROND [H55) Tho, EERERFITDNA
DR B2 RY | 558 LG T 2 2 v XV BO—FETH 0 | BEFHRZ RNA ITIRT T i
ZARMEE 72T 5 2 & T Fix OffafEE OBIS FRBUREEL A — A AL T, Bk
77 AR, BEE 1,800 Rt DERER T A a— REATEY,, Z1 5 O = 2 fERnIc i
TBH N, FBINITEMOPRIZORN D LEZX LTS,

— AT, B G R T- 0O AN A REEIC & o THIEM 2 T#MIC) a7 o330 7452k
DARRIZZR D 2o b D, RS Lozt L, H 5w 5 Mla~D{bie4 a3 5558
LEEMEERMN (iPS M) ZFBETHEMA L - L b AL BT Tk 4 RGO
HEDEEEATLH LT ZRERRMREZEERET 244 L7 M) T a s T I 7Hil b
BEACBHBEBED G TEY 2 WTiLb BEERICAT SRS TV D, 4%IT. £
NoDV T rg Iy IHENE LD RE - BENZBOICHE L, BREAAEER LU ET
BREIED7DIC, EABER T2y b, 7/ ADNAO TEZ JITHEAL (o) #iaTa2 &
DEHZ) HIEHTD2ONEZHOLNCT DI ENME L INTN5D,

2. EsEEFFoxal I% ME1< 1

Bex O T N —T7Tlx, = U ADRRERIAT R OBHMES MG I Hnf4ods K Ot Foxa (7 7 X
U—% 7 TS Foxal, Foxa2, Foxa3 DWFi—2) ZilfilEHEIEDH Z L2 kv 1R
SN D FHERF AR (iHep M) °AAFZExIG & LT, BER T OFB LR, BLOU 7
077 IR BEF R L CE L, FRIRER Y — 7 =% — (NGS) ZHWi=5 A
T A RZEEB R ORE AT 2B LT, 2 DOWERFNEWICEE L 22 b0tz 5 ke %
AEROFRIISGEVVIRIEICHFEET 5 A D= X A0O—EH LIz LTz,

FEDORNTT —Z OFNLIFHLIT. Y 70l T I THEEERT Foxa 77 I U —0 5 % Foxa3
DR, EREAE T = — Rk (genebody) L% Pol2 &HZBENL, B0 2% DOk %E)
e DT EBAED iHep Mil~DOX A LI NI TR T T I TOBITICE > THUHTHDLZ &%
RL7e (K1), 76k, 85 K1 DNA _EOFERBRRINCBEICES L, £ OO T OIS M
LBl MR T2 Y 70— 52 & THREEZHIET 5 &0 ) FHET AR R
FBLONTELER, ZOELITEERTFOAEA A —VERELET OO TH D, £/, DL
972 Foxa3 DX A F I w712 @< ) i, V7 arZ 3 v Zfilais o ©e < ARfEsko
R W T HERT D5 2 LN TE B Z LD AROMIBNIZ I TR & 22O LRIy e % H
EREL VWA bDLEEZI LD,
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Foxa3 SEMERY Pol2

35

s 30 , 4.0

2 25 f

o 20 /) 3.0 ‘

@ 15 ' 2.0 A\ -

d 10| Z AN —= = -

R ——————— T
0 : —
-5kbp TSS TES 5kbp  -5kbp TSS TES 5kbp

% 1X: Foxa3 8L Pol2 @ genebody b TOFEESAM,

JERNZ Foxa3 @, ARICIHVERL Pol2 O F-HUS E CTOM A/ % 75§ metagene plot ZFdk L7z, Th =2
ot T ey MISBEBEFEENODIEERETL 0N L7 2Y —%7" LTI Y, Foxad |% Pol2 & [FkE
IZERE R T 5 & genebody EDREGAIAT D Z L AR LTV D, 20D Z LI Foxad A% Pol2 LA & FEiC
LTV D AMREE AR RE LTV D, E7z, BEEBMA (TSS) 2V — 2 | BRGH&HRES (TES) FiRiZiine
— 7 BHBLL, Z DM D genebody IZHERF 2 5[ < & 9 AN F— L 72D 2 &% Foxad 7Y genebody L& H)
FTHEND T8 HFETAESR— TR TH D,

3. EEEFORRBEAHKT —2 R—R L TOERH

Foxa3 & [REE DSy 128 & R TIRER 7 OBNE 2 E TITHRENELS |, B L7z X 5 Zel#<
DFET VRIS DIRD) Tl b Foxad FHD S DRDOMNTEL DRV, 5 H
FDF I BTA RIEET — 213, SRR R T Y 7 RAL T ARY v hENHZ LM
ROLNDZEHLHY, RAWT — X BLOZO—KINTT — % BAKET —Z =R KEIHKEMN
S T3 (] : Gene Expression Omnibus®), ZDEEEIIA ML TEBY ., ThhbDT —
X & BT 5 2 & T Foxa3 &7 T8I | HFEBE R TIEER 2 A7V —=0 7 TED
DTN EEZ T,

L L, BERTORET —ZDIEE AL, 7 r~eF raBEiblky —27 =3 7 (ChIP-
seq) W) FETHIT SN LD TH DM, ChIP-seq DF 1 b a3 — L ZIfFEL 2N =—3 3
YBRHY . HOREIZBOTERRATHHZ ED L, TELITIE LT T — & & B2 AR
W21 TREROLLFHEREEIOREELWEEZ, T2 DOWERERFENHKE —ShT
WAHRKBET 0 27 hOT —Z_R—=2ANDIERENET D2 LT LT,

ZOBEWRT, B E CRLEEENE S KEDOT —Z KM L TODE00R, 72 Y BESHA
WFFEAT O 38 CHlEd 5TV ENCODE  (ENCyclopaedias Of DNA Elements) DT — & ~<—
ATH5HC, ZOT—H_X—A2F 4,756 Dt hEB IO~ T A0 - #5455l ChIp-
seq 7T —ZMBUILD LI TEY (2022 4 6 HBIE) . BRSOV T L7 E O metadeta b 2 i S
TV, Lo TARZaY =2 hCiE ENCODE 7 — X _X— A5 K&ED ChlP-seq 7 — & % Hf%
L. BERTOMESE = DA ) == 7 %iTH 2L L LT,

4. BEERFHAOLEKT—2 OBHEN

ARK7Fvay=7 T, M vy NAZT 4L LT A0 FEORERN 7T —4 &> &S LiE
W4T o T, B G R 1 O EHEAE X OFBRINCTE JIBER 1 CTh D Z & AR STV 5 FOXA3
(Foxa3 Ot hAREBRY), QFEBRICEY B0 BBERNT TH D Z EMARSH TS FOXAL
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B L FOXA2 (Foxal 38X Tr Foxa2 @b hRER ), @QMTHIGT L8 4y 7T % POLRA2
(Pol2 DY 7 a=v k), @TSS EEE~DFEE M REE A TND MYC/MAX 7 7 2 U —ERF R+,
Ofod FOX 7 7 X U —%1, ®AP-1 %> CTCF 7¢ ERFMREZGR 1, [T O\ TZIENFEL DO
Mzt 7L e L TERSN ChiP-seq T — 4 2HEH 70, SEINE LT —F XL T FHkK

Oz HNWTEBR LI bDTH D,

—HREIZ,

ChIP-seq & —# 72 ¥ D NGS 7 — Z |4 short reads & IEEI D 25~150 bp IFE DK

EOEFIWE AN S 7z fastqg EFRIEND 7 7 A LV EFITOR S E LT, ~ v BT, I L
(K12), ENCODE 7 —# ~X— AT, fastq (ZMZ

v YOER, B—r 2= 7 BRI TT D

T DO 7 7 A4 BAMBL D bigwig) HEAA L TWNDD, TNHET —FX—A LD

G LTt 21T - 7,

reference
DNAlsampIe genome -
sequence & bigwig/wig
chemical NG )
. O
reaction & o
. » fast =——> BAM/SAM _©
imaging 4 mapping
i —
Raw data = e
-_'.:,.." s - bigwig *
' I’ 3 bed
1 <
1 /
1 //
' BAM //
base calling ; )
| 7 N=PN s TP ALY A XD LEERI/NE LY
— NGS — HEEROERKEWN - SHEEOERLERME
—ENCODE DB & Y AF a4

ChI

02X BRERFREAITICRT 5 NGS 7 — & Ofifr 7 v —,
P-seq EBRICE VB LNV L TANLEINF —& (fastq) OIS, SHICZIhby v ELFF—X

(BAM/SAM) , XL PF—4 (bigwig/wig), B—2F—4 (bed) ZHUGT DHiNER LIz, ~ v 2 7T

IFFEFICRERFAEIR L A ML — VR ERT 2720, SEIT—KENTT —2 TH Y | W7 7 A YA XD

/NE W bed B WM bigwig & ENCODE T — & ~_— 2 X 0 B4 L CR#MT L 7=,

Y ZEL

FTERG LI — 7 F#R (bed) ZHWT, TSSEHOY 7 VAR LIz, TSS LEEL TV
SO TV (LB BFEFHITIEHEE Lz

L= DI T — 2%, 14378 s/n b

RGN F)  &HIB AT SRR SR LT (2/40), HEWTAOANL v UF—% (bigwig) Z AW
T TSS A OMEE T 7L % 500 bp U A v Ry CHEHfEE R LTz, & D53A4i)3 genebody 12
BT HEE | Z2RFO/F — 2R D, Tl b TSS D E— 7 DSMEI Y 7 F MR R 78
B =Nl H N E DIk IERFO T8)< ) T#nen) OfFEREL L7z (K3), BERMIC
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1Z. 500bp MED 7 A > Rz 4yEI LT- TSS & OFEIZ D\ TG D ChIP-seq ¥ 7 F L
OFHEZEH L, 1 FHE 2BFBHONMCABRENS D L% [E< ) BHERT, 2n72<
77y MMEWMEO A Z R T L O % T8\ BERT L ER LT,

POLR2A ) . FOXA1 MYC
|
s 2 i o
& j P Ly
o
e | j = 1]
° QQE % t o4 Hgl
T = s BB
Window: 1 2 3 4 0 1 2 3 4 0 1 2 3 4
(500 bp) ( =Tss) (=T8S ) (=T$S)

553 X ERBK -O2EEh A T D RHE T A,

MR G R DOBARF I FIT 36T 5 2B & b L 72 $ Uil % 7 1 > R D45 boxplot T/RL T2, [Ein/guny) 2 &
BEERIOK T Foxal (X)) &, < ZENHBNRPol2 (X)) OF —# 274, Wb TSSITHNE—2
MDD, Foxal BEDFFOEIKTIXL 7T ANMEL 7T v b7 B 2 — 2 ZRTOIZx L, Pol2 TIEYv 7
TV TR AHREF O K 9 7234 — L &R MYC (X Pol2 LRI U & 5 2ef A 34— &R Lk (),

fEMT OFER. Foxal B LM Foxa2 [IZAVE TOERT —F D@y TEhin BERFTHD
EHIE STz, —FF Foxad 1, JHIRHEROMIIKEIZ X D ChIP-seq 7 — ¥ TIXH 5 2D FEBRE £
CABEIZ Pol2 ERIL T8I | & — &R L, MERHSEOMIK B SN =T — & Tl

[NV FaNNF—rbieole, 2OZ LiE, RUEFR T CHMaEoEW R EDa 7
JAMIEVEBEE(LSEDFRENNH D Z & 2R LT 5, RS R -0 ¢ MYC/MAX
77 Y= ChlP-seq 7 —#2TH T8 | BERFD/F— &R LIz, WC/MAX IFIREE A
EMEL L VDG T O 7 1 — 4 —ZREBIICHEAT 5 linvasion) LIMHENHDHENMBN
TEBO, ZNETOMITLDITHA NS TIRD o778, Foxad & [FERIZ Pol2 & 4kiz TH)
< Z & CHRER RIET 25N 1 Ch D AIREM I RIE STz,

5. £&H

ENCODE 7 — & _— A7 b Hif L7z 40 [HOERGR /567 — ¥ & FfRir§ 25 2 & T, Pol2 &4
L7z, BB L% T8 ) RE—vERTEERT L& LT, WC/MAX 77 IV —%[EE LT,
AEIOFEFIE, Fox PHEF LT AT — X2 OFMATIENIRE R 7 ORE T LOBE DY — v %
T DI ZATHEDTHD L E2FRELTEY, 4% ENCODE 7 —F _X— AT S D 48
ChIP-seq 7 —# % AWT, £V REURAFENT 2 5506 L 720,
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TA—T 53—V JIC&KPERETILIIT7oM

= & 71 R

FORRER TR i TRk et
VAT LERFEHEL

1. IXCBHIC

PANR—X2 VT A OHIGTIE, X2V T 47TV ARV T =T OBROPEEN TN D,
~ T = T OBESLCEHEIIE R L D bEMESEH LTS, X2 0T 07U R NI B
LWL YT NFTDHE EO—D D% [SITMITEE 5252 WIRMICH Y | DO/
BHFRICI > TS, Z2O—FT, AU =27 ORBIIETETEHEIC/2->TEBY, HA%
FLENDHT LI, BB EO RN Z [BHEE 2 A 2 B AR 72 3 B IRZITHT LU=
N 2T REEINTND, 2L, v v =TI~ EREIhD & REZERET 272071
77 LOWEDO— A LR L THfE] NS EEISNDIFERH D, £ 2T, RADOT —4
Ty bORNG v AU =T L BERCEERMOMEICETEIL., X2V T4 7T U X
MZEB=L T =TT OEHZ RE LTI ENTE D, AFETIH, TH—TFT—= 7
BIERLE@mBER~ LT =T o8 L, EX a2V 740 7TV A MCK D~ = T e
EORMPBT e~ T = TR OELH R Ev VT = TIC K D HEE RHICHIET S
T2ODT AT AOERE AR,

2. HR

2. 1 QLU 7ER

YN T TR T TLEONAF Y a—REBEy NFDILREIHZ & T, 7/ L—A 7 — L%
AW D FEN IO T[], B 1LIEZOTFEERAWCTERS N~ VY = 7 ligos
TNThHD, w0 =T HRIT, FMEOMMRELE LS TIERT L ENARETHY . BT
DEGSTTFIE & B B VRN H 5,

Adialer.C Agent. FYI

10 ~ vy =7 EBOY T
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2. 2. Convolutional Neural Network (GNN)

E{g A5 T B2 0DT 4 —7F7—= %5 /)LL LT, Convolutional Neural Network (CNN)
WL b TW5, EfficientNet[5] 1% Google 7% 2019 FFIZRELI-HKFTET L THY
EfficientNetBO 7> 5 EfficientNetB7 £ T 8 ET AR HEIN TWVWDIN, ZDHH
EfficientNetB6 & EfficientNetB7 (%, fhOET /TR TEWIHEBE ZFH>L Shb (6],
EO—JT, TNHDOET NI, ANEBEOT A AP KELL, £ OFERT A2 EGT
5720, FHIEFMPELS DD DHENRH D, Wisteria-A (Aquarius) [ZHEH S 7= 50 &7
GPU T A Z Lok - T, ZOMEDMRZXD,

2. 3. BB¥BLIFAVFa—=5

IRBEFEIL. & DELTH LN AR AR OERICHEA T2 FETH D, BEYE T &b
BT — # BRI D AR AT 2 & T, 7 — 2 'R D IR W EET S S E O
BWETFTILEERT DL LN TE S, TensorFlow[7] 234 % EfficientNet &7 /L%,
ImageNet[8] DT — & N—2 & E N5 HAWOWE (W, B, W&, T, AR—YH
fhy FES) ZFANCFEE LTS,

T7 AT a—= TI3ERFEO—FETHY | FEHEHNRTA—FO—HE2FK LD, KD
DEETFETHZ LT EINROT — 5> NOREICA T2 BT VAT 5 Tk
ThHbH, L)L, vy = TR OEICT + —7 7 —=2 7 %M L2 ettt 2] -[4] T,
ETTFNRT A v Fa—= T ONR) =g URRLATEY . BB OGN~ /LD =
T ORFZE DL BWENLODMNEH S E TV,

3. EEt
8. 1. TFA4—TS5—ZVJETILENAIR—IFA—4

T4 =TT == T ET VT EfficientNetB6 & EfficientNetB7 3R+ %, &KET/MICEH
A HIE (output layer) OIGMEALREEUL softmax 295, &fEEJE (fully—connected
layer) OVEMEALBIEUIE Relu 26/ L. HABIE 128 IZRET D, A /8—/8T X —=Z 2O T
1%, HBEI% (loss function) 1% categorical cross entropy. fxifl, 7 /L= Y X A (Optimizer)
X SGD, “#HE (learning rate) 1L le-4, E AL X A (momentum) (L 0.9, TR v 7 (epochs)
1% 30, /Xy F WA KX (batch size)lL 64 &9 5,

3. 2. I7A4VFa—=Y

EWSERSEE 245 5 7o 0IiE, SMERERET VA Z LN T, T—% & v MchbiT
TrArFa—=yVREETHDL, L, RERICEND ~ VY =7 ORIIBBOM I
ENDTD, BT A—ZEFINET S LT LY, 22T bEMICT A T2
—=V I LEETAVEME L TARY AT MIHBAL 2 L12T D, BifE LIZFRIEE AT A —4
DOHERIT (1) 1 (Frozen all), (2) 3,4 (Frozen 3,/4)., (3) 1,72 (Frozen 1,/2). (4) 1,4
(Frozen 1,/4), (6) 0 (Frozen none) &7 5%,

UNHEBE DY A X%, EfficientNetB6 73 528 X528, EfficientNetB7 73 600X 600 T 5,
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T A Fa—=r 7BWTC, FHEE LR O L ~ VD = 7 B O 5k A 5 R
FE OB TIRET 5, &£ LIZFMFEE LB OMmMREZFMAT 20 (Fbb, FhiE
BNRT A= HHET DBOE) Zmrd, ZOLE, BEORO/NT A —FHITRLR D720, W
FE LR NS A — 2 ORITRERIC 3/4, 1/2. 1/4 121378 > TR, (72, TOFRITR
L7 J@D% L 4R, TensorFlow |28 115 Keras DEIEZFE ST 5,

Tl 7740 Fa—=0 TICE o THEAIFEE T A= 2R ET DEOK

ETIL ERIFEL-BAYVONBEF AT IEOH
(71yaNI&L Keras DEEIZHITEEDELTR)
Frozen all Frozen 3/4 Frozen 1/2 Frozen 1/4 Frozen none
EfficientNetB6 | 666 633 560 485 1
(top_activation) | (block7a_projec | (blockbg_add) | (block6b_add) | (input_1)
t_bn)
EfficientNetB7 | 813 780 692 587 1
(top_activation) | (block7b_add) (block6i_add) | (block6b_add) | (input_1)

3. 3. EEEiE
PUFORTERIN DL HANT, DR EFMT 5, 22T, o A3EBBME, 1o 3145
P, i XMBRENE, tn ZE 2. 1137 T A RERT,

I

1 tpi +tni
Accurace = =.
CCUTACY I ; tp: + f“-;‘ +fp; + tn;
1
1 tp;
Precision = - - —_—
recision ; ;fp;+fp,-
!
1 tp;
Recall = =. _
ced l ; tp; + fn;
P 1 2 . Precision - Recall
_score = — -
l = Precision + Recall
3. 4. FMEAZE
FHEGEICR, 7 AR TF—v a0 ThHAIE 10 0FE 7 o AR F—v g UE AN
by TOFEEZ T2y DI TAHBIZ, P TNT—=HDI0% % N L—= TTF—H,

N 10%%7% FF =B LT H5EEZ10EBIR), ZDEE, TRTOY U INT—H % —
FEWXT A NT—2E LU THERT 5, BERRFHEMIZ, 10 BlOT 2 THLNTERE T L
THEHT 5,
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4. B
4. 1. SRATLERIE

N—RT =73 Wisteria-A (Aquarius)® 8 / — R&MEH L, 1 /— FIZ 820D GPU (NVIDIA
A100) ZHEH L TWD 72, [FIIFIZ 64GPU 209 Z L BARECTH D, Y 7 b =T L Wisteria-
A (Aquarius) 2MEfT 2 TensorFlow2. 4. 1 Z&R L7=, £7=. TensorFlow DHERED 5 H | APT IX
Keras, ZyHEYALER|L tf. distribute. Strategy Z{#H L7,

4. 2. 3TRFTa—)

Wisteria—A (Aquarius) (ZF) DY a 7 ORKFERETAIUL 8 R, ¥ a 7 ORKEASIL 16
KThsb, 2V aT AT a—VOEEGER LI, 7uARYF—2 a3 TEBIR) 10
BEOFZ DS E, 1EEOT A MIFEFAEZFEMNOY a 7L LTRE L, 2 [BHUEDOT
ANMIFETNEZEDTLI OOV a7 L LTCRELL, ZOHETHE, 1EENS TEEOT
ANEBALIZE ZATY a 7ORKBEABUCET 5720, 8 HAMND 10 AIHEOT A MIva

TIZEENHD DA > TIRA LT,

‘ Wisteria-A (Aquarius) ‘
Tost-01 Frozen| |Frozen| |Frozen| |Frozen| |Frozen Frozen| |Frozen| [Frozen| |Frozen| |Frozen
all 3/4 12 1/4 none all 3/4 12 1/4 none
EfficientNetB6 EfficientNetB7
Frozen |, |Frozen |, |Frozen|, |Frazen |, |Frozen |, Frozen |, |Frozen | | Frozen |, |Frozen |, | Frozen
Test-02 al [ 3 [ 2 [ v [ none |€ al [ s [ [ s [T none
Frozen|, | Frozen |, |Frozen|, | Frozen |, | Frozen Frozen |, |Frozen |, |Frozen | [Frozen |, |Frozen
Test-10 al [ e |7 172 [€] 1/ [¢] none [¢ al (1 s |72 €] 14 [ none
EfficientNetB6 EfficientNetB7

2! Va T AT a— LDk

4. 3. T—atv

NI 2T EBEOT—4 1y bE LT, Malimg 28R L7z, Malimg i, Nataraj & [1]iI2X >
TR ESNET =4y hTH Y, PE32 JEXD Windows /L7 =7 71 75 Lk PNG JTED~
N = THGICEM LI b D TH D, T—XEy MIEEND~ /LT = THiBIT 9,339 KbV |
25 OV TR MPIVTND, FHBICIEY ALY =27 77 IV —OAFIN 7L E LTRIT LR
TWDD, 20T~ ESO Tl O iR 2 HE Lz,
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4. 4 FEORTRR

ST BE U= BRI 10 BRI 35 4> T o 72, RIC Z DEME A 16PU TIT o 7285813, %9 20
HEZETHZENRIAENS, WisteriaA (Aquarius) 24 5 Z 12k - T, FHEOEH
AR LY = 7 A T TEXHZ L AR LT,

4. 5. TIHTTEEBEODIEER
[X] 3 1%, EfficientNetB6 BEL BT DT 7 A v F a—= FEF /T L » TH SN TEREE
(Accuracy) Z/RLT7ZHDTH D,

=

0.5

EfficientNetB6 EfficientNetB7

H Frozen_all BEFrozen_3/4 [OFrozen_1/2 Frozen_1/4 ©Frozen_none

3: EfficentNet6 BEIWBT D7 7 A o F a—=U T ET IV L > TELNI-SERE (Accuracy)

£ 2ITEN 5 ETNVOGERMELR LT, IO SEREENP RN T2OF, EfficientNetB6
Frozen 1/4 €7 /N T -7, Frozen 1/4 D7 74 Fa—=2T7FFT/LiE, HRMEGOIER
7R RS DD KEBITH Y Lo~ by = VB OREE RN TWAD, ZOETAHNE
WSS 20k L2 =i, BARMERIZ~ L7 = THEIG & 1ZHE VR TN En3h 5 &
B2 oD, 1L, ARWEGORE A S HEH LT 72 EfficientNetB6 Frozen none &
TX GBI LoD BAREHG ORI BRSO LIS H HRRE DO RENH
Sl BZ D,

#2128V EfficientNetB6 Frozen 1/4 &5 /L0 Accuracy & F-score Z th3% & Accuracy
73 92, 07%Z%F LT F-score 23 78.39% CTdH ¥ |, 13.68%DIK FRA BNz, ZORKEFET 572
DIRRATH & MGIE LTz,

# 20 A5 TSR

Model Frozen Accuracy Precision Recall F-score
EfficinetNetB6 1/4 0.9207 0.8104 0.7906 0.7839
EfficinetNetB6 1/2 0.8990 0.7808 0.7494 0.7419
EfficinetNetB7 1/4 0.8375 0.6704 0.6463 0.6383
EfficinetNetB7 none 0.6827 0.5425 0.5388 0.5264
EfficinetNetB6 none 0.6450 0.5030 0.5103 0.4973
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