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BioVL2: An Egocentric Biochemical
Video-and-Language Dataset
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In this study, we propose an egocentric biochemical video-and-language dataset called
BioVL2 comprising eight videos for each of four experiments, with a total duration of
2.5 hours for all 32 samples. Each video corresponds to a protocol and two types of
linguistic annotations are provided: (1) video-and-text alignment and (2) bounding
boxes linked to objects in the protocol. As an application of the BioVL2 dataset, we
consider the task of generating a protocol from an experimental video. Our experi-
mental results show that the proposed system can generate better protocols than a
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weak baseline designed to output objects appearing in the video frames. The BioVL2
dataset will be released for research purposes only.

Key Words: Biochemical domain, Protocols, Vision-and-Language
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BEATHBMEOERICHE L TV b, EEAmbldk ¥ O3 E WL FRZBRE1T 5 i
FAEITBVTIE, 75%00 5 80% A L OMRAEHIMMDOMEE O EFHERZEH T LI e N TE
I o TARBRN B B ¥ S LTV (Baker 2016). (LR CHEMZHMREST 2 LT#r k3
ORTararThHsb. FabaniIANDD 3 EREHIET 72D E R RRYIIEIC
AL ETHS (K1), v banricid, AESEER COBRIENSOMEL E, MG T
BIMEITIEDEFT, R HET 2 0B E DRI TWEL AT, BETHH
YRR, IET 2K, H 2 WIXREORELEF TR IhTnwd bbb, flx
3, 1 DFIE 3 @ “Thoroughly resuspend pellet with 250 uL of Cell Resuspension Solution”
T, pellet, Cell Resuspension Solution & W5 YA DELIRDIH D, resuspend & W5 #IEH
EDEF TR IR TWS. AT, Thoroughly & W3 EIFR 250 uL ¥ W5 BICE$ %30
bHB. TR AV THEITTE T, BRANMCIEREHEHETZ 2 TE
XD, BECRIRAD D o720, BEOFMPTRINTORL 572D o [
WdHdr, MOWRENERZFHIT 2 Z L BN 5.

2O L-HBMEOGHICE T 2RI T2 HERMBIRE D 5 200, #HEL SEORME
WETH 2. Bz, IRELLEBMGE ot aloffr»s, BGoEEy - et a
NDEFIEORIGE R EH#ETENR, FIEZ L ICHENCRIERERTE 3. HDW0E, 1E
¥mgE AT LT7a bavk HEERTEIUIMAEDS T a b arerE AHERET 2
CENTES., DL, LEEBRENRE LIRE L SEEOMAIEIERa halo
SRR L EF O A O BHERIR L, EBHEEEOM LIcET2THAS.

IO LERMED 200, EBWURZ MR E LRE L SiEOMAETHEOEIEIZE L 7w
(Naim et al. 2014, 2015). ZDJRED 1 D12, FEERMUGZIRY LM T 2 2 L 2 HREZR A2 H
%. BIZ, Naim 65O THHAL TWE T =2ty MIR/AIhTHRY., 20729, KA
WBZOHEBICAIT S —H e LT, AMETHENRe UTEBRMEGEZINEL, SiE7 /7 —
YaviEfMEG L BoVL2 7—&Xty FEBELIFKII 2=7 4 XRHT 2 (K1), BEW
WIELTF o 2 DY /) 57— a v BEEMYRICHN 5T 5.

(1) RECLSHBEONRGEROT7/T—>ay. o bralz2#iHE e g LiEzXorhe

L HIHTH2MARBICE L TREREINZ 2 dH 3. HlziE, K1 OFIE2 TEFIE 1 OREMEIRL TN 30,
BIRIICEDD U TR,



i S ES) BioVL2 7—2t v b: £EESHFICEITE2—AHRRORBRMEADERET7 /T—>a >

AU LT (R TE N EZRICFEIE L PER), BUROH TFRIENFER STV 5 X
(LT, ARV EMER) 2532, 207/ 7— a3 VITEROHHE v SREOBEHIZE
(Zhou et al. 2018a; Krishna et al. 2017) EFFRTH D, WURF v 7> a =7 (Xuet al.
2016; Nishimura et al. 2021a) WG & HE O X EEIFROHEE (Naim et al. 2014, 2015) 7%
Y OISHAMSUCTERTE 5.

(2) ZORJNRICENZIMEOER T/ T—>3>. BEHOK 7L -2k, Fa b
ANFOYMEDNE - TWT, POFEBREDF L EMD D - 7255 RO EHR %
5323, Ziuckb, MEHOZEBIRSHN (Bl MBE s Tndh, €505 IRED)
PEBEOIMEDHOAEEICR . £z, HidO7 /7 —arvefibETraban
oYtk & UG oYtk & ORHGEIFRDOHEE (Zhou et al. 2019b) 72 & DISHBIFEIC B
FIFTE3.

INBD7 ) T—>arvONEEITH 2T, Bigh o0 7 b aVERSFIEE AL L
o —VRERDBAREE 5. T LEMRINTA D &, HIFE IS 2 BB MRLVEEMYID
HFFcE, RBoEBREOR EICORNE. £, TR LICEF DS L5 R, &K
fciz7a barrsouRy MEERED X DR, 2oFAEIEVEREIC D e
CEDAREICAR D, ABBETIRR T % BioVL2 77— Xt v MIZ 5 LA L¥ERE R L
7B L HEOMEMFNDE —HTH 5.

BioVL2 7— &+t v b OINEIZBWTER L 2350, —AMEEDO I X T EHWS Z 2T,
WHRENDIREOEHER/INRIC L2 THD. EROEICKH,? D REREEREEHEL T
WTIE, HAEBRZITOWMAE O REICAELEL, BRT—4%t2y bV A ZFATr—v
Lz, & SHESHZICI DD 2 X512, TEZREIMEENDOEHEIDRVEETE
EZBREDRDD. ZORT, ZAFD X 7 R OB ILH# R EERZER % HN—F 2 DICHE

BOREPDET, WEOV 27 0EL kM, FRFRELREOFHEIRETS. —AHD
X FIRFRFERZEM 2 hN— 1L 00, A ERTFOMKEENFRICEREARETHS. Zh
P AMARZZHVEETH L. 25 L TUREZITo MR, £320FEBHRE 207 )
T—=arhbRhiT—Xty FEMELL.

BNz BioVL2 7 — &ty b EHWT, ZOIGHE U TR TIEERME»S e banr
AT 2 EREICHD HHTe. FEERMYROBIIMDOMEF v 7> 2 =2 ZDF— &K+ v b (Krishna
et al. 2017; Zhou et al. 2018a; Xu et al. 2016) L LT 2 D, 25 LI-ETIREEIN T
W3 End-to-end RIRBEFEET N EAREICELEEHT 2 Z L ZNEETDH 2. 200, K
Z%ClX, Ushiku & (Ushiku et al. 2017) I & » TIRE XN - FIEFEERET N EEHT 2. 20
ETIUVIAML L AR, D EORBEEBYS (20 WYE) 10 L TEATE 2 X 51IHHBY Y — 2 %21
FALEDRLHEETER EFFEINTVE. ZOEFTAUITNL DO0DHREREL, BioVL2 7—
Xty b OFEEBRMG S T a b a)VEREERT 2 3EICHD M. ERP, EERREEOR
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Zaokal
Transfer 1-10 ml Thoroughly resuspend
of culture Centrifuge pellet with 250 pl
FIR1 overnight Fl2 for 5 minutes FlE3 of Cell Resuspension
to Eppen Solution

......................................................................... B,
Cell Resuspension Solution :

Pellet

1 BioVL2 7—%t v FOME. (a) ORE L FEEOMNEEFROT /7 —>a YITMA, (b) 7m b2
AR YR DER 7 7 7 —> a v EMNELTWS.

R, ETMIFONR—Z T4 YKL T, @YR7T0 s arz2ERTES e 2lERT 5.

AFH LTINS BioVL2 7— &t v M & (Nishimura et al. 2021b) I THEK L7z BioVL 7— X
ty POIGRTH 5. BAINCIE, (1) BMROKE 16 2o G0 2 NS L, (2) &
ANDHET ) 7= a Y RBITTo722 8D 2 ROILRZTo72. 51T, (Nishimura et al.
2021b) TIEITH R 72, FEERIMMED 5 70 b a4 2 3FEICH D AR 2 & A%
DEIMDOERTH 5. BioVL 7—X+t v + EFkR, BioVL2 7—X+t v MIFFEHRIERD
32 FETH S

2 EEMRE

BTS2 RE DT T2 00BIEAOHT 5. BT, FEMBRLEEET /7 —>a >
DBRP S, BT, EMEOETH MR L BASHELE, B IOHR L SFEORMATHT
FEDBLRD D AWFED M BT ITONWTIENS.

2 https://github.com/misogil0116/BioVL2
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2.1 FEMREERBT7/ T—>arhrohkdrT—2ty bk
2.1.1 Web LOEEMGEIR L LI

H % HINTA WL 2D 21 TEIRY 2 B3 2 721, MG 5 b L WHIES
R HEN TN S, EEMROBBOFLR2D & LT, SiElERE 7/ 7—>av355
ERESBRAEIN, AT &ty FHREINTEL. BD 27585 (Bl B, REDOHA
VTC)OHT, ROFEHEZED TELORREETHS. ORI Web L TTF— & 28D
2L, VERSEWEOENZHTH 2 2o, RFEICOZ DIFREDOTEHEEDHF TE
(Nishimura et al. 2021a; Zhou et al. 2019b; Wang et al. 2021). FHEZH CREINLBEGE L FE
BT T=avhnird T =Xty bDS5b, b KHELRT -4+ v M YouCook2 (Zhou
et al. 2018a) T— X+t v FTH5B. ZDFT—X+t v M YouTube FOREM{GE 89 DA T T
COGTIEL, MBI LR RER T 2 ECTEERANY FOT7 ) 7— a Y &1V, %
AR PR LFIEEAES LT —&ty heoTWd., ZLT, BURODEX v S a=y
2 (Krishna et al. 2017; Zhou et al. 2018b), {EEMREICIH T 5 HFIGE (Wang et al. 2021), fE
UG D> & DOFNEZFE AL (Nishimura et al. 2021a) 72 ¥Rk & BRIFFEICBII ARV F~v—F T — &
ty P LTHILHVSRATWS, £, RSB, X427 v 7WE% YouTube
LIELARD T ) 77— a v NG LT =Xty FTH5 YouMakeup (Wang et al. 2019)
HIERINTWVS.

REDTIICRER T, FEMG—REINELEEY /77— a v 253 2D A bIT
LTV, Howtol00M (Miech et al. 2019) X ZDHTHIRD KL T —X €y b THD,
LEOIEEMGR y SFEOM» SR 2 T -2y N THS. 728, Howtol0OM IG5 LTWEF
Y T—avid, MRS LTWAFL—CarESEY /7 —>are LTHEINC
INELMNEGLbDTH 3.

2.1.2 —AFREOEEREZHNRE LI-HR

Web EDOMYEDZ  IZHBEFED/2DITHREINT WS Z e BE L, (EEETS ETRERTT
O THBGEH NS DT TIERV. FlE, WEE? SMEZIRD T -2, 3%
P —TIRE 2R ORI DD 2 S — VIFRETIDIMSART V. T L —rbadTk
VEEATEI 2R DIRD F= D12, EF, — AR DORREMGZINET 2 D #ABITHONT
7 RSB 2REWNRT—X€y b LT, EPIC-KITCHEN ¥—4&++ v b (Damen
et al. 2018) 3B 3. TDTF—&Et v MI, 32 DBIMEOREEIT S #@EEZ —~ AFHED I X 5
o TR L2d DT, &5 100 KFfE, 700 B2 5720, S TONBEOENENF
BEEWTTY /-y arvEh T (Bl BEEZFT S, UednbEYLARY). fuch, B
b5 2 DHEOMATZITI DD T =Xty & LT Assemblyl0l 7—X+t v b (Sener et al.
2022) PIRBSINTVWDE. ZOTF =&ty MIAGT 513K/, 4,321 MG 57257 —&ty M T
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HY, EPIC-KITCHENS ¥ — &+t v b L [ARRICEEERD Y /) T —>a Y LTEET / T—
YarypfrbhTuna.,

BioVL2 7— &t v M, ELFETFICBT 2~ AR OIEEMG L SFET /) 7 —>a vh
bRET—Rty bTHEEMEMNIONS. B LT -2ty b RT3 iR LM
BRI DR VDS, SBROENEDTICB T 2 EERMUGIRADIFRICBWTHEHATH 5.

2.2 £YZFOHSFENRE LEEBASTHENE, SLURR ORISR
EWPES X 0T OO (ELE, HTAEWE) BT, FREOBSS S b A TAIRI
BT 5 L O RN (B 70 b ol s ERIMEE R, 70k alhbnRy b
OEBIAT). UTTIE, BRSHELIE, 5L OHHE L OMATIRICET 2 EFWEERYT, &
W i1 513 % IR 5 5.

2.2.1 HASHEWE

AmRlEE R e LRENR T -2ty b2 LT, GENIA 22— %X (Kim et al. 2003) 3%
5. 2L, EWMBPEREDO T T AT 7 MW LT, SEIEERRRHSOR, BEERBRL Y D
6 HEDOY ) T —>ardiffGanirT—&ty FTH5. Kulkarni & (Kulkarni et al. 2018)
3, EVrosa r av el 572007 -2+ v FTH S Wet Lab Protocol 7— Xt v b
(WLP 7 —&t v M) 2L L. EP¥o 7o b arz2MalaizgifEs > 7 £B (Kiddon
et al. 2015) ICEMLT 2 2 e N Z DT —Xty NOHITH D, https://www.protocols.io/ 2> HIY
L2620 70 haliZonT, EHERBED Y / 7— a2 ¥ (bio-Named Entity, LT b-NE
CRER), MR TENSLDBFRME (FIZIE, H23FEME LD XS ITHIET % &\ o - RGEIEEE
D IR Y72 2 %) ZHBORWERZ S 7 TRET27 /) 7—>aryE{5LT0w5. *
LT, ZO7 /75— ayDIRO/ — R 70 b a)Ll Oy E#£ 1L T\wb. EMNLP2020
P DY — 2 > a v 7" The 6th Workshop on Noisy User-generated Text (W-NUT) TlX, Z®
TRty bEbLIHELIR L LTRDMHEN, FEERHEEHS X OCBERMEOFEICE
WTZ L DFEIMERIN TV S (Knafou et al. 2020; Singh and Wadhawan 2020; Sohrab et al.
2020). AHFUTBNWT, WLP 7—Xt v PO b-NEXTD7 /) 7— a YHUEE BioVL2 7—
Xty bD7a b aAVFOHEO X NI, MELOMBREICTEWTSEIILTVS. %
7z, Hid12BVT, FIEFBERD /DD ERET VOEMEFICBVWTS WLP 77—t v
FEREHLTWS.

2.2.2 FERCAREORMEHRE
HASFHEUHEEMOATOREL KT 2 &, SFELHROMAEMEDOEIFZ {137\, Naim
5 (Naim et al. 2014, 2015) (71 b 2L e EEWRZ A e LT7a b a L hoFE L HiEo
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(a) (b)

2 (a) EBMEOIREES. (b) MEEPTO—AFA X 7 DHA.

KN DWW TSR E G S 2 3B L, (Naim et al. 2014) T IBM £ 7L (Brown et al.
1993) 2 % £ 12, (Naim et al. 2015) TGS FHERS (Lafferty et al. 2001) Z b &2 L CHAHN
BRLUTHET2FEEZREL TS, Naim 5 DT DARIFADZEFEIECLLTO 3 RICH
5. HFHIZ, BR LR TIET =4ty bZRL TWRWY, BioVL2 7—Xt v MIKH
LA BT, a2V O, MBEE $1C Naim 5D Zh % B[S 5 (BioVL2 7 —
KXty MAY AR 8 BEICH L, Naim 65D 7 —X+t v Md 3 2 ). H=12, AFET
W7 -2ty bOICHBEE LT, SHELHEKEOMCEFROBRTIERL, ERE» S 0F
IEZ AR ZITO RTH 5.

g%l

3 BioVL2T7—42tw

AHITIE, KR L7 BioVL2 77— &ty MZOWTHHT 3. £33, F—&tv FOWES
FIZOWTIRR, RICHEHERB LU T ) 7 —>a v O—BERE2MET 3.

31 F—2ty OBE
3.1.1 RBRRROER

REARIRICDOWT. 1 HOIREE (M) O 215 TERMEDOIRE 21Tk o 7. X212k
HIRPONEBLUEAI AT ODOMRERT. I X 1213 Panasonic HX-A500 Z{EH L T3
B, TOAXZIFTHCEETHD, EBROMBITROBNESREELTWS. HREICBT
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R1 PCREMNRELEY /) T—¥a ROl ROMIBDEERT. B, MEER~—27 ® &
RTCREEHLTVWED, F—ZLy FOEBRO B F alZEEEA TR

FIESC Fikh T
add sterile distilled water 30 45
add primerl 64 99
add primer2 106 130
add template 149 173
add primeSTAR®Max Premix 190 238
set in DNA engine 260 266

ZERBIIEEERETOOLFAUCIITHLTH S S Z e BKIEL /-

R 9 DRBRICOWVWT. FFDHFOEH» OHEMN LRI TH S PCR, I =L v 7k,
DNA iy, 770 — X5 IWAERD 4 EHOEFIHER T Y T TR ZIRE L. 1 DOFERD
72D 8 DMHRERIRE L7z, ZOK, DNAMEICE L TR AENRZR ) — A IBEB X7 =
J = 7uauafVAIED 2 Y OHERD B0, TAFNAWURT OIERL TW5. &332
DODMBN R 2T =Xy N ThH B3,

MYKDRTIBICDWVWT. WL OOERIGICOWTIX, IEESHELZTERS 20N
FIENTFET 2 (Bl BODEEET 5 5@ 0T %), 25 LEFBREICIE, HREEI X%
ALELTBY, FIHONEL IZBEGEIRWV. 2070, KAFETIIBEORILIEY LT
5 L7=Kf %2 FEICHLD BRI T W 3.,

3.1.2 BRECEFONICEROT /T—3 >

FHEDOIBL1EDT ) 7T —Re UTHRE SFEOMICEGRD Y /) 7 — a Y 2iTho 7. FBR
ZHEMLIHRETHEDLDNTVS 7B alidf R PREZRHWTHEMCERHEEINTED,
R CE LI IR T o . Z2D7%D, FERHEICFEBENEZOETHALTH SV, Zh
EXTTHEERILLZ OZIn bare LTHMA L. R, 7a b alz8E S iz
L, FNEF%1§7=. HZ1E, “Invert 4 times to mix and add 10 pl of Alkaline Protease Solution.”
LW EIIRIZDOWTIE, “Invert 4 times to mix” ¥ “add 10 pl of Alkaline Protease Solution.” &
WHXD 2 ODFNECTEI L. O, s (2 2 Tid and) IZOWTIHET % L 55w
L7z, 22T, RA&AFASLEBIZOWTIERAIRUEZIT > TdWwiw., X, 7/ 7—&IiZ
MGz HE L, BFIHOMmIRE, B TREMZREL ARV b7/ T—>ary 25 L%
Z R, BRI RTINS TE 212 TBIRE MRS RV E 51T, FIENROVIRZH -7

3T EBRONFIIE LT, EREDFRLED, OHIREIZFER L ICE LD, ZRUISCTTOEIER Y MRS
LICER D, fi32 THARZED, W DPOFIRFIZUIS L TRIZZINT WS, 25 LEHBOEBROEFED
BWIHBALRT Xty FOEEDDHIC, EROWEEZREZ L TW3S.
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(A) 7O k)LD

BERIL

OF 157

K3 $E7/)T—>ary—nL07 /) 7—>a i, VI TI0FNST 7R TES X 5I12H
FEINTVS. (A)IE7 e Fa BN MEBTEEINTED, B)KTHEY /77— a r&21T
9. (C) CTHIBRD 7 L — 2OV THEITE 3.

R 5, FIENROVIEEFMTETOMEARY 2 LTT/T—>a>y L £1IZPCR
D7 T—>a EROHERT. Hil THRRZED, Iu bk aroFEE, BIENSROY
G e BEICET 28RS, REICIO U CEIFSC R, R, #k X olEHrBincididX
nas.

3.1.3 ZOrRIJILAICHENZIYEOBRIER: 7/ T—> 3>

S5, o7/ F—=52n7a b arhicBN 2 MEOMGIER 7 2 77— a Y 2Tk o 7.
CDT7 ) T—RBEEDIBD1IHTHS. MELL AT L —22HB LY, &7 —
LA LT (1) B e it Th2IREICH D, 200 (2) il TV 2k 7 1 b a L Icl?
T 2HEBCBVT, ZOWEKEEETHEHY, MRt eMtor57 /57— a 2L TW5

LB ETDO I L — AT 77— a v 2iT5 28I3&EaX vy Thb. 7/ 57— aryaR b2 FiFs012,
WYRD BBICH > TV Y LTT ) T—> ar®115 Ze —ITH%. Zhou 5 (Zhou et al. 2019a) 1IMHED
72D 10 7LV =% Y VI LTHEY ) 7 — 2 Y EITR-oTW5.
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xR 2 SHENOHEER. BEICOVT, P LEEFZZRLTVWS. I=FLy SRy 7o —25
MEBIZOWT, RIUEBREIT-> TEW3D, —HOFMEIKRINIIGE TRIEEINAT WS, ZD7H, 1
HERZEDS 0 122 SR VAIITEESRETH 3.

FIE  FlHED 7= D DHGER WiEORER  BiE oK

DNA Hih Tz —nrzuaafaik | 4.0 (£0.0) 0 (£1.9) 2.0 (£0.0) 4.0 (£0.0)
IR — N 9.0 (%0.0) 4.9 (£2.9) 4.5 (£ 1.7) 3 (£0.5)

PCR 6.0 (£ 0.0) 0 (£1.0) 6.0 (£0.0) 2.0 (£0.0)
7 A — 25 AR 10.3 (40.4) 4.7 (£2.4) 5.5 (£0.5) 7.0 (£0.0)
NENAT VAR 28.2 (£0.4) 4 (£2.5) 7.9 (£1.4) 1 (£1.2)

R 3 fLoEBIIZEALW, HBEERICL = — 7 RYkofEERE X 0BhE ok,

== MR ORBER o= — 7 B OREER

7z /—ZaakiLaik 20&0@ 0.0 (£0.0)

DNA i TR — VIR 5 (£1.7) 0.3 (£0.5)
PCR (iOO) 0.0 (£0.0)
7 H b — 27 NAERR 5 (£0.5) 4.0 (£0.0)
A VA 9 (£1.4) 3.0 (£1.1)

(K3). B, THLDYELIEWLP 77—ty PHOYFRKICHE S CEERBICEYET 5D
Ok 7abrarprot LAHLTWS. Ok, #i31207 /) 7—Ya YERESRL RN
DEET /) T—arEiTRoTW5. BB, ARV INDAZHET /) 77— a &1 ->T
WBDTIERL, BUFRIRICT 77— a U 2ITR > TV A RIFERS V. BEHD A X
Y UMD BW TR EY 7 77— a v LTEL 22T, BNV (Hl: B 50
7a b aVER) PMEOHTICHHAT 2 Z e 2 EL TV 5.

3.2 #HREHEHR

iz, Rz BioVL2 7— X+t v MZOWTHRHERZ SHEM, BURHZh 2o s
LR Z. ZoFERE D, WEEHICENT BioVL2 F— Xt v MIZHAREREZIGEL /-7 —
Xty NTHBEZEZRT.

3.2.1 ZOkR3d

2 CEHEMNOFEHERERT. FlEDSZD OHGERE BT 2 v, FIEBIEER I L ICK
XLERDZZ RIS, ZHUE, BioVL2 7—Xty POFIHOZHEEZR L TWD. T
SO FIHEN L o 12FEBRII =T Ly FIETHD, RIPBRVDE 72/ —Lr7avfkiL
LIETH By h 5. WROBEBICOWTIX IR L FAEDMEAZ/RL TWED, BiEEoD
B OV TR DEENIDRVDIEPCR THho7z. SiEOZSHMEEMRGET 272512, &
B HEBC L= — 7 R WIROBERERE L (£3). ZOMReR2 04 25 % HikS

10
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K4 FHI L OWBRORS OHEHER. ROMIXTT L EFERAEZRT.

WEoRE (7))

Zx/—NraaRlaiE | 269.4 (+58.6)

DNA fitt IR — VIR 399.4 (£19.2)
PCR 254.6 (£ 18.1)
7 H =R 5 AR 312.6 (£64.5)
=7y Sk 382.1 (£69.9)

W d<10 B 10<d<20 I 20<d<30 B 30<d

21.1% 158%

Jxz./—)L
7DD$»A%

8%

PCR T5/ =LA

ZAO—RTIVER =L vk

B4 FIECHSWELRY FORS (B8) 0HE. dI3WeRT

2y, MROBERIZ T 201U, BEAOBERIZFELLTE->TWS. DI ehb,
BioVL2 7 — &+t v M CREFNCOWTIE2FERZE L THED b OB —7, YiKicon
TREBRILICHEHBEORREFH > TWB e 9h 5. XoT, WKIIHNT 2 SEOZHEMEIZ
HBLEA5.

3.2.2 EERMKR

R AICKERT L OMBEOREX () 1I2oWT, K4 KXFIEHEINZA XY FOEX (B
B) IOV TOMGEHERZ RS, ZOMENLDH, MERLAXRY ORI DBIAD,SH S, BioVL2
T—REy MIZHEICEATVWS Z 23 0h 5. MBLEROEIPRIEVDITZ X —1

11



BASEHEMIE  Vol. 28 No. 1 February 2021

K5 HE¥T7 /) F—>ayLikrL— 2 oMmER.

7)T7—=Yavllz7Lv—r E&7v—28 #HE
Tz )= Zuaukilaik 195 263  74.1

DNA S
it T& ) —IVILBHE 265 394 67.3
PCR 322 498  64.7
7 A8 — T IVAERR 282 614 45.9
=Sy T 245 752 32.6

R6 KT/ T—a O WRE b-NE 2 70 % 7 I VEEICHBE L 72 L ToMEHER. EBRZ
PRRA—IRMERERZ ETIRE L TWS. b-NE 227D 55, WiRICHE D { EHRHFITIE Reagent,
Location, Device, % LT Seal 23® %753, Seal ld BioVL2 77— &t v s DYIMAKIZEHEL T2 D DONFEL
Bhrolz., 207D, K7 T—a YIZBWVWTIE Reagent, Location, Device DA Z 7=FEREZ R LT
W3,

Reagent D# Location D% Device D
7 x/—LZunkLAiE 1 1 0
N S S
DNA #iihi IR ) — LR 6 0 0
PCR 5 0 1
7 A8 =R 7 AR 2 3 1
=Sy Sk 11 4 0
&it 25 8 2
R7 HEY T—arOFEHER.

BETOEBE FEERR BKIER

Jx/—)brZanakRLLiE 68 1.0 1

DNA #itt IR ) —IVILBHE 130 1.0 2

PCR 176 1.0 1

7 H 8= 27 AR 372 1.1 2

I=FLy S 627 1.2 3

WBIETH D (F3998), mBHEVBDIEPCRTHD (F 254 8). F/z, ARVIEZTED
EXICEHT 2, =711y FEEFANRY PO 7124%F 10 UL T OFIETHER XA TWDE —
Ji, 7x/—=7maariLAiEE500%DA4 XY B30 UL EOEVWAXRY P ELEDTNS.

3.2.3 MRV /T—arv

R5WPB b 1 OULEERY ) 7= a v &2fTko 7 L — ADMAIKRIFE L 221D
WC, K717/ 7—ay LEEBOBICOWTOREHERE RT. £/, K6 ICHET /
7= a VIO KWk %E b-NE X7 D 7 3V RIS L 72 ETOREHEHRZ RS, b-NE
X T OYRIZEED  EBRHITIX Reagent, Location, Device, # LT Seal 2% %23, Seal &
BioVL2 7—&Xt v s OYIERKITEYE T 5D DBFELRD o7z, ZD7®, Reagent, Location,
Deivce DAL R TAGREZRLTWVWS. ZDRID, Reagent 23 H %, DWT Location, Z L

12



i L=} BioVL2 T—&t v b: £LEDFICE T3 —AMRRORRRENDEET7/T—>3

\l

KR8 HErSEOMEEFZERT ) T—3 ary0—HE. ROMI tloU OFEEERT.

tIoU
Jx/—)rZaak)LLE | 88.9

DNA o
i IR ) —VIRREE 91.7
PCR 99.4
7 H B — 25 IAER 82.2
=Sy Sk 76.0

T Device I DDRNZ B 5E. X5XD, 77730370 —2bBUTTERI
WKWEWHRHD A0S, A7/ T7—>ark L7 —L0EERKRENDIZT7 =/ —
Nraa RV aETHY, HINIVDORI=T Ly FETHS. RTICEHT L, #hr
L—LBl0iEEE 1297 /7 —a> L TWAIeinhd. £, 3=y FRE7/
T—2ar3T37L—20HFERLBEVDBDOD, 77— ar L TWAREFKOBIIRDZ
WZebnhrbd

3.3 —HXDFE

77— aYEROFERE,»D L720, HIffiTT ) T a v EEMLIEELIIHOT
JT=RZT7 )Ty aYEREL—BRLHAE L. MG SEOMNCEBKROT ) T— 2
VIELTREFEEDS S 14D, MR Y /) 77— 2 YIZOVWTIEEF L EHID 1 45T -
72, ZORDIEERERICOVWTIELTHI3.1.2, fi3.1.3 LFAETHL. 2TOMRITHLTY
JT—aryEHETS ZEaRNREWED, EBRILIZ1 DT X LICHSREERL, 7
JT—avEERELRE. UTF, 77— avOBEI L I—BRERET 5.

3.3.1 MR EFZBOWIGERDT/T—>3>

s L - EBRORBRE 1CR & SFEEOMICERO 7 /77— a Y ERIKEEL, Z ORGSR #i3.1.2
DFERZHB L T—BEFEEZFHE L. 22T —HEOEFL LT2o04 XY b ORI
H2 D 2RI T % temporal Intersection over Union (tloU) ZFIH L7z, &8 IT—HROMER%
R, ZORRED, IRTOFEBIIBOWT tIoU P 5% %2 B2 TWE I e300 5. Sib
TR MG E A1 Uiz A XY MREIE (Lei et al. 2020) IZBWT, tloU A3 0.7 &l 2 7 IF1E
fRr AR U THBERZEHELTWS., ZOHRENSHBRZ Y, T5%IIEWVETHZ EZ SN,
7 T=>aYOMmBETITHEI DTN,

3.3.2 7OFIJIRICIENZYEOMSIER: T/ T—>3 >
Hi3.3.1 23D 7 7 T —RIMBANDELY ) 7 —> a U RMKEEL, #i3.1.3 DFER L g
LC—BERZEIR L. 22T, Wikt (Ren et al. 2016) OFHfiREL LTI HWSHIS
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mMAP = 72.73% detection-results
(337 files and 23 detected classes)
washmgrsomln%n 1 ig
emplate  — 1 .
sterile_distilled ﬁater — 1 . O spin gv(ﬂunt%ﬁ 331 347
primestar_max_premix E—— 1 .0 'agar s - —— %11
phenal_ chlﬁrofor 1.0 I— 1 1
— 1 . O gel_maker st nd s 1 8
dna engme — 1 . O By -———t i
| maker stan 085 0 de 93
t O . N —
gel_maker_s anﬁ —— O . 84 PP %ﬁgrgf%rm —— 0 8
i F no _007.%9 sterile d st Iﬁ?ltoer]; —gg
neutra lzatlon 5’%”2\,& ——— (. 7 5 neutrz!\flazatloﬁ solution W 1 4
|y515 solution I (.75 mitrowave -_-0243
sp m‘coiJ mn I 0.7 5 prlmestir max premix 03
agarose _36651 w o0 0o Uﬂgn =0
r —— . 03
I () . sofutjon ==
resuspen?llonﬁs%[uﬂgg 0_4% 50 resuspenélon 50 ’U -_-0122
Prmers 033 ror —
elution golunon m— .20 dna err%]lrpe 101 False Positive
rew_tube e 0.13 rlmerl 101 = True Positive
0.0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40
Average Precision Number of objects per class

(@) (b)

B 5 (a) WAEZ LD AP BX U mAP OFER. (b) YA & @ True positive (Ef5ME) & False positive
(k1) DR

mean Average Precision (mAP) % F\ 7z (Cartucho et al. 2018; Everingham et al. 2012). #17z
W27 7= av LihEPIIRER, f83.1.3 OFREIEME A% LT mAP OFtHE 21T - 725.

B 512 mAP OFER & HIGHE L RO DM 2R 3. mAP & 72.73% & 72 o 7z, PRI ER
RN B 2 HE T IL (Carion et al. 2020; Zhu et al. 2021) ® mAP 530.6 225 0.7 DETH D,
FRAMBHEICGEL TWA I E2EX S, ZOHEEVWEEILN, 7/ T7—>a YOiE
WA THLZ e hb. —HT, Z2LOVED AP 23 0.7 A TVW5 b DD AP 2RV
KeH s Xﬁiﬁﬁlé. D AP DMED 272Dl new_tube THB. JTADT /) T—RiIHZF
JELARED, # LW tube DAT /) T—3a Y E2NGELTVWSDIINL, #Fikicy /) 7—>arz
To7BREZITRTD tube 127/ 7= a vy 2NELTWS ZEDFERTH 7. 2D X1,
BEDA VA2 Y 2% RIS U TR 2 08D D 553, new 7% & DIEHFEIZIG U 72 H Y]
BT T—a v FIERSERFORMD D 5.

4 oA EERRGHSOTONIILEBER

MEE L7z BioVL2 77— &t v bOJSHFRED—fle LT, FEERMEUEH» S 7 v+ ar iz B4
RS 2 EEICHL D #HTe. BioVI2 7 — Xt v FOBURORUL 32 £ DL, HEFEEED ICL
7Gx v 7> a = 7 E 7L (Krishna et al. 2017; Zhou et al. 2018b) Zi#fH 3 2 Z & XK
TH5. PEOFENMGZ NG LLFIHREFERFEL LT, FKL1E Ushiku & (Ushiku et al.

5 mAP OFFHEIZIE, https://github.com/Cartucho/mAP ZHWTW3 (2022 5 A 11 H7 7€ R).
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2017) DFEZREHT 5. ZOWETIIRBEYR Z R, UTO 520t A TFIEEZAE
B3 2FIEERRELTWA. (1) Faster-RCNN (Ren et al. 2016) IC &k o> THK 7 L — A LT
REBREITY, (2) BML MR 5 L > CEERE (EH fh 2015)(recipe-Named Entity,
DUF r-NE) IS 3 2ozt 35, 2L T, (3)#hs 28070 7 L — L OFGHER 2
ALTre-NEFI %2182, 4) HO2UHRKEDL Y THEEF I TBEW L -NEEEL L
ZHER T % E 7V ((Ushiku et al. 2017) TiX LSTM %) ZHWT, (3) D -NEF|Z 212X
BPERT S, BRI, O)ERLEXEEOFNLL I LTRD LD S LWHAGDER Y
ZAET7NIT)ZLEAWVTHERLL P LTHAT 2. AFRORBINZSE LT, Wiks
DA DR IERETEH LBRWEICH 5. 1-NE WG T 2 XOMAGOEIE, EERERMS
ViU Web £ 5 KEIIEEL, XAERET VORI IFRETO> LN TES. 25 LT
BLIET L e Bl it CHAT 2 22T, PBOMGEISLTH LI EEERT S Z
YW TED.

BioVL2 7—&t vy NCZOFEZEHT21CH7D, LTO 2 iOEHEEZMA T

o AWIZETIX (1) & (2) DUHEITSMRD VI, W7 27— a ViEREHREOUBEICH]
HALTWw2. RESTCREEY 27— a YA HIUSMEH ORI H 2 FEEFT
5 Z AT E %% (Hashimoto et al. 2014), ARHFETHR L F 24 ETFICBWTIEY)
HREIELLERT 2 Z AR TH 2 Z e DR TE 3. HIZIEX 6 1I2H W T Primerl
¢ Primer2 D% 1O 7 L — 206175 CL BREETH 5. RERS, ThoHoY)
HIFNE GO L WS TR, AMBIBEUL TV I 00THS. BEEZELTH
ZEEFIZNSDYEREFENT T TOE D020, 1RO L —0720050
ZOHANEITS ZBANICE > THIFLACRARETH D, ZDd, A TIIMHEL
77— arofRe A LT a b ar AR 2 3EICH D T, - O
ELX, 9% QR I — FREZYRICEED , 2+ o TV 2 O HEMIICHEE T % 21K
MEREL TS,

o XAMDHEFIFEETNITIE LSTM Tld 7 { Transformer (Vaswani et al. 2017) % W
%. Transformer \FAEMEIER, CEZEA (Liu and Lapata 2019), BfF ¥ S a =7
(Cornia et al. 2020) 72 &% { DXAMHFEICB VT LSTM K h b RWHREZ R L T
D, RKFEIZBWTHOEHTHSIEZHND. X 51T, Transformer 1232 B — ¥ (See
et al. 2017) ZEAT 32 EF AT 2. UK, ANOHETY /77— a v OUKE
WEBULEER LRI TE2EDTHS. T/, TEFLOHFFFEEEIT> T Xty
LT, WLP 7—& % v b (Kulkarni et al. 2018) Z1EH 3 5.

COEFRMRAI-FHEOMEZN 7 1RT. MUT, FEOFMIIOWTIHICHATS. 22
T, W7 /7= a YL OUEFET 27V — 2812 F = (fi, oy fos- - [ip) 5 5.
FacDBETIE, 7L —LIT82IZT7/ T— a viFEAOYELERHWT, b-NE FZESS
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(1) Primer1 (1) Primer2

B 6 (1) Primerl Z#fFL TWSHEB L (2) Primer2 Z#F L TW 2 k.

5. 2R, 7 Tl¥, DNA engine X (DNA engine, Template) 25i%43 5. Z LT, HAl¥
BLEXERETFTAVERAWT, bNEFZ I8 b a/ M EfCEERT 2 (K7 TlE, “Set it
in DNA engine” 23#%%). &2, 78 b 2D UEMXOHH 6, 7o bale LTERHLHHL
WIAEDEE Viterbi 713V XA ZHWTHERLEIT 5.

4.1 b-NEJFIDIERE

WFE (3) 1272 50, 7 L—uFIoEaF] D @ avoE X)L, BEEREES
Z%. 5z ohEERESE AL FEGRE (b-NE) I MR, 7/ 7—>arh1o1
OMbNETH2AETE, nBEHDIZL—A f, ZbNEESE, BF>. T, #97
V=2l ot e B g s bNE AT el € Eu X Enpr X X Enpon) & LTERMET 3 (x
WBEGDT AL ME)S. FIZIE, K7D1=10FITIE, e iZDNA engine DA, [ =2 OFIT
1%, (DNA engine, Template) ¥ 72 5. #8551 112D\ T, Ushiku & & [AFEIC 1 =1,2,3 D b-NE
GRS 5.

4.2 b-NEFIHAS5D 7O+ JJURFETER
421 XERETINOEFEY

KIZ, b-NEFle 25 70 b a)VOBEH L ZAERT 5. 24Uk, AJIDb-NEFNIH LT, ZD1F
WEMRE U2 % %, YR BN E R C R L oo E AT 2HETH S, KSITWLP
F—&REy FERWEXERETVOEREZFIZOWTOWERZ/RT. EF /L& Transformer
ZR—ZRZLEHCEREL Y a - Fa—XE7at—MEEzMzTnwd. AL T

6 Ushiku & DFIETIE, Faster RCNN OYRBHAER%Z S 212, 70 MEERWT v-NE FI2/ET 2 Z 2 T,
MHIER D ICH BN 7 L — 28052 KRBT 2 Z e 2 A TS, AHKTE, AFT7/7—>3 ¥ L% bNE
T BB OIINAE > TN 323, HERTFIED b-NE FIOEE T EEEEL Tn 5.
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B
- — b-NE
i S s (R
(7 L—L3) ; /: ! ‘ Template
b-NE
N HF
BEfERR / DNA engine
(b-NE)
v v
g 2 E N N N e N E-
EERE (b-NE)FI 22 2 2, 5 DNA engine
e,i : e e \ DNA engine
. Template
A 4
Ok : Il :|| Il ||: I IIII Il ||\ ‘
AR | T |
Set it in DNA
' engine
«
I Il | I Il |
Zokal I |

7 FEBWG2 SO0 b aVERTFE

b-NE #ll%Z [CLS] &\ 5%k b — 27 ¥ &2 J8HIZ, [SEP] b—2 > TRYJ- TG L7 BiEEY X =
(xhxg,...,xi,...,x‘Xl)(xi i FHHOHEE) ITHL, X2 Y = (y17y27~-'7yja~~7y\Y|)(yj
¥ BHHODHEE) ¥ 3 5. Transformer =¥ 2 —&X % E(-), Transformer 732 —X% D(-) £ 3%
t, T¥A=ROHNNT MASIH = (b1, b, by by x)), 73X O j 8 H OB
JEFTBHIIRT ML o IFATO XS ICEHRET 5.

H = E(X) (1)
0j = D(Y;, H) (2)

ZIT, Yo 3 BRMOEHHIEINERT. KSILHZ L5, =ya—KXoHhE7Ta—
& D Source-target attention EANASNIENE. £z, T a—Ke7a—XDOHFED IR
R4 Bt LB D, Ta—XCiIMETZY a—F 4 Y ZBMEINTHEH, =¥
A—Z[BFREEOLYA—-FTHEZIeE2ERLTINZMA TVWRVRIKERI AW,
AHFDOFETIE, ANOVEGIEINCHTEENL D, TheBcETMET S 2L
TEDIELSXEREITAS XDk eEZONE. ThENEKT 572012, av—HKiEx
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7

Primer1

#RHZ

NS
i

Iva—%
P 7= Efi&LayerNorm
H Feed forward
( )
Multi-head
attention
(Source-target attention)

¥ &= #E&LayerNorm

Multi-head
attention
(self attention)

LX N LN ) RIB LX N '\fi‘ )

N A %Y D E multi-head
attention (self attention)

IVd—FTa4>Y
T BEDNEERE
| i%@ﬁﬂﬁﬁl

. @
1 |
[ [CLS] Primer1 [SEP] Primer2 [SEP] ] [Add the ... (BN 7T I\)]
A7 (b-NEZEE or b-NE7I) H(X)

8 Transformer XEMETN. WELEAT L LTHET 2 XEMITT 2 L5108 T 5.

ETANEAT S, 2ya—XOoHh H v 7a—&2oth)o; ZHWT, EEMER G 2T D
XICEHET 5.

o _exp{(o) Wehs)
2 e (o) W) @

7L, W dREEZRT. RIZ, b-NEH» 6 HEEZEINT 20, fEROHELEINT 20
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i S ES) BioVL2 7—2t v b: £EESHFICEITE2—AHRRORBRMEADERET7 /T—>a >
DHERZE AL =7 — 1 ¢;(0< g; <1) ZUUTDO XS ICHET 5.
g9; = c(Wy[oj; Z B hn] + bg), (4)

ZZT, [, (), Wy, by dERZRNRY MDA, 27 E4 NEK, WEEOEAB
KUNATRERT. g; ZVT, HEEDO T p(y;ly<;, H) BAT O XS ZEHET 5.
p(ily<js H) = (1= g)pooc(sly<i. H) + 95 Y B, (5
1T =Y
22T, pooc(yjly<j, H) \ZFERP OHGE y; ORI HRT. AN HhoMl (X,Y)eD (D
FEET - X RWERT) OVT, UTOAOMBAIE L(0) ER/MET 5 &5 1HFBEATS.

~

LO)=- > logp(Y|X;0), (6)
(X, Y)ep

ZZT, QIXETNDEEAREIR NN T X — R 2R %E R T,

4.2.2 b-NEZFHA5DTOFDJUREXERS ST AT7OHEE

WLP 57— &+t v N THFE LETAEZHWT, Hid.1 THEIS L b-NE YD SRR
T5. £/, BREOTO FalHhoBERD O, AR LT 8 b arBEfoFhZziue
DOWTC, ERLEXDLD L LEEZ2a7 2 LTHS. BRI, nBHO7L—4, EX]
D b-NEH el izxf L, UTFORICHI o TRa7zERD 5.

N
Score(eil) = Hp(di|d17d2,-~-’dk—15651)7 (7)
i=1
TIT, & EHHNO i FHOREERL, NIZHBVIORS 21T

4.3 ZORJILDOHA

AR LXEEOHD S, 7abale LTRDALD L LOWRIIZERL 7a barz s
5. BXWIMLTEHRSRAAT Score(el,) DMDBRKRE LD X7 L —0H%#ERT 5. &
T, 2200 a—VART 4 v Z%BEAT. FHIZ, 1 NOWHERED 2 DDIEXZ FIRFCITS
CERIELACARABETH 2720, 70 b a L FIEOEMIHIET 2585 7 L — 253 &E 7 -
TRERLRWZ T 5. B, FUFIEIEREIES T2 Zeidkwe L, v hard
W—EBGLEFIEOR 72035, ZOE_OIREDD &TIE, FIEEHMOR a7 0%
ELS 2728, 2ERETR-o T/ barzZlhT2XRETHS. LirL, 2a70ZE{kix
F—XDERFEDOAICREI N, HEBWCRETZ2HDOTIIRVWEEZI NS 2D, EXE T LD
) X 2 (Viterbi 1967) & W TREBIA NI » THERE21TS. FlEEMOR a7 2 ED 570
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£ 9 WLP F—&+tvy hOFEHER. £TD b-NE X7 2FH LA, WiRKcESEERBROAR
FIF L7355, % LT Reagent & Location DA ZFIH L7ZGEITOWT, 20 HEEU LOXE T 4 L2 Y
YT B, LBROWHIOHET —RZBF et RLT0WS. 7=ty FORENITTO WLP 7 —&
£y PODENE-TED, 7 — XEAHFRICBNTIEIFH L TWRWY, BioVL2 F—&+t v k&2
fliF—Z e LTHOWTWAEDTH .

4 b-NE % 7% Fl|H Reagent, Location, Device DAFIM | Reagent & Location O ZFIH
TANRY VTR | X HEER/X b-NEE/X | X¥ HEEE/X b-NE #(/3C | X8 HEER/ X b-NE #(/X
A7 — % 8,005 15.6 5.8 | 6,992 16.6 2.3 | 6,729 16.8 2.2
WRAE T — & 2,709 15.5 5.8 | 2,353 16.6 2.4 | 2,261 16.7 2.2
TANEY) Y THD
AT — % 5,984 11.5 4.6 | 4,996 12.1 1.9 | 4,761 12.2 1.8
WRAE T — & 2,025 11.3 4.6 | 1,678 12.0 1.9 | 1,594 12.0 1.8

OB EBIRL-ER2ZES LT o rare LTHAT S, 2a7h@idiudagnizy, 7
QR LTREDBLLWVWEEZS.

5 5Fif

AT TR L= FiE% BioVL2 7 — &ty MEHA LT a b arz2ER L2177 - 7.
LIFTIE, EBRRECOWT, FIALET =2ty b, ETADNLR=2F X=X DF
MEE, ZFLTEHMERED ML HBNS. R, AR L7 0 ra L oE&n, &2 b
FRZWMET 2. FHMADOKE, TAIIHIEEELL B ba e HBAERKTETVWSE I %

T 5.

5.1 RERRE
511 T—&2tvhk
YERETLDOEFIIBWT, b-NEEGLXDONN LR T — Xty "BIRETHE. T—
Xty FOV A ZADBRD» S BioVL2 7T —Xty M EFEICHWS Z L IZRNEETH 279, +
DY > TN H S WLP 7 — Xt v b (Kulkarni et al. 2018) Z 22 CHH$ 5. WLP 7—
Xty POBEIIED-NEDT ) 7= arydMfibiiTnwadds, HE7 /77— aryzft5L
7=¥IES, Reagent, Location, 3 X Device DWITNNTH Sz 2 (£6), AL TI
F#IZ Reagent, Location, Device D 3 DD X 7 ZHW5. F7z, BioVL2 7 —Xt v FNDOFIED
72D OHEERII T 10 HEEUA T TH L2 ZEREL (£2), (1) XICHIRLZZ 3 DD X T DWNWT
NLDBEENR, HDWVIE (2) HEEHD 20 2R 5T OWTIEFEE T — X EMEET — X D>
SHIERS 2. X512, %6 Tld Device 3BAD720 2 & ZfIK L T (Location D ), 7 4 L&
V27D (1) IZDWT, Reagent & Location DWT LB EFENRNT —ASMEIT 5. K,
T ANRY Y TDOMPIZONWTIE, Hi52ICTEETS. RIRXKTLEELDOTZ 4 VR ¥ 7 %2IT
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i S ES) BioVL2 7—2t v b: £EESHFICEITE2—AHRRORBRMEADERET7 /T—>a >

biholz58r, TRo755D WLP 7 — &ty b OFEHERE RT. ZOF7—Xtv
FCEE LXERETLVEHWT, BioVL2 7—&Xt v M ZFHEiT—& & L THW-.

5.1.2 FEHEERRE
XAERETNVDEEIIBWT, AR—ZARXY)H TXZHGBICHEIL, T — XN THEHED
5EIATOD DIFRIGFEE LTI L7, #5538, §E&EY 1 X3 1,827 £ 72 o7z, Transformer O
FEAUE DY A X1 768, JEEUL 2, Multi-head attention DNy FEIX 12 IZREL =, METZ Y
I—7 4 Y ZUZ0F (Vaswani et al. 2017) RO T EZ WS, £72, Transformer D¥EITIE
BERT (Devlin et al. 2019) D2£ETiTHMTW5 & 512, Adam (Kingma and Ba 2015) %%23%
R% a=0.0001, B =009, B=00999, L2EAMELRL 0.01 IREL, BAIID5 TRy 7%
TA—LT v T L. RRZARY ZIE50IZ8&EL, Ny FH A XX 16, WLP 7—X £ v b
DOIGEERH 7 — & % W THEEBEROED BN IR o T B TV % - V7.

5.1.3 FHMERE

XD BHEFHEIRE e LT/A FIH X415 BLEU (Papineni et al. 2002), METEOR (Banerjee
and Lavie 2005), ROUGE-L (Lin and Och 2004) % W TCFHli #1772 5 7z. BLEU ® N &2\
TN =1,2,3,4 DEZFHERR e LTHES 27, 728, AWML THAT 2 FEIC K > TER
N7 a b a3 F LS ERO T Fal e[ U FIERICK 2 23R W=, FlEL
L TOFHEIAFIRETH 2. 2D, KR TEIXNTOFIELZFEEL, EEO 71k a
L DLELALVTOFMIFERZIE T 5.

5.2 TEERFE

XAERETFTNVE LT, R=RAFA4 VETN (ANDDbNES|ZT0 baLe LTHATSET
V), Transformer DADE 7L, Transformer 122 ¥ —iE 2 M2 727V (LUF, Transformer+
A PER) & ORTHIERZITS. £ 10 XD HBFHMEREIC X 28R E2RT. Ok
RIODUTDOA4RDZEDHLL IR 5 Tz,

BT, v e b a ORI ERETVOFEEDPRATH LI THDH., X=X
74 VBT IMIEHART Transformer 7 VOHRENENZ D5, ZOZ DR TE 5. H
12, WLP 7 —&+t v MIBioVL2 7—&Zt v b OXERICHEAREES L WS 28 THB. WLP
T—&ty MIEWFOTa AL ENELLLDTHD, E¥SHO T balieifge
L7z BioVL2 77— Xt v b 23R RR 5 (BRI EYEDO—7F). L L, BioVL2
T—Xty bDOFBED 83%I1X WLP 7 —&t v MZHh, MEDT —X Lty MIREZREIR

7

n

Hii% 175 32— F & LT, https://github.com/tylin/coco-caption % W7z (2022 £ 5 H 11 H7 7t X).
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& 10 o HEFHMIREIR & 2 FHlifE R, KR ERPEWEZ RS .

ETIL BLEU1 BLEU2 BLEU3 BLEU4 METEOR ROUGE-L
R—=RAF74 3.0 2.0 1.1 0.5 6.2 6.1
2T b-NE X7 2¥RICHM, BiEck2 7102y 7kl

Transformer 15.0 8.7 4.2 2.0 11.1 22.3
Transformer + 2 & —#%# 13.0 8.5 5.2 3.3 124 28.1
2TOb-NE X7 2 ¥ B, ML 74022 7HD

Transformer 15.2 9.7 6.0 4.0 10.8 19.9
Transformer + 2 &' —FH% 13.3 7.9 3.7 1.8 12.2 27.6
Reagent, Location, Device D A¥ENCHIH, BRI X274 0520 77U

Transformer 43.8 29.3 19.5 13.4 20.0 29.4
Transformer + 2 & —### 36.8 26.9 20.0 14.8 185 36.7
Reagent, Location, Device D A¥EICHIH, HEERIC X2 74020 7HD

Transformer 39.9 26.9 18.1 12.6 18.5 27.5
Transformer + I & —#¥# 42.5 30.6 21.3 15.5 20.7 32.7
Reagent & Location DA FEICHIH, HEEBIC X2 74020 ¥ 7L

Transformer 36.8 25.8 18.2 13.3 19.5 24.9
Transformer + 2 & —#¥# 44.0 30.9 21.8 16.4 21.7 33.1
Reagent ¥ Location DAY¥EICHIM, HBRIC X274 V2V 7D

Transformer 38.1 27.2 20.0 15.5 18.8 26.2
Transformer + 2 &' —F%#% 44.7 31.7 21.8 15.2 21.1 32.2

WZ gD, =0T, Transformer+ 2 ¥ —HfEIE Transformer DADXAERET L XD B
BRRWEREZRIET 2 222005, X, BiE7/ 7—>ar a5 LeMkzeEL <
AWK TETWE 25 e EZ NS, BN, FEEHICH W b-NE 2 7 OBEIZET Vv
DHREICKRELS EELEZ 2 THS. 2TDONE X7 E¥EHIHHLEZET L (7 40
)7L, TOMDETFTAELKT 2 L BEDETNVIIHIEDET LOMREE KE L
kll57. %7, Reagent, Location, Device DAZFEICHWIET IV (74 V&) TR L)
¢ Reagent & Location DAZFEFICHWIZET IV (74 VR Y V7R L) T 2 e BEDE
TADPHRRWHERE 2572, ZHUX, BioVL2 7 —&t v MIEEN5PKICIE Reagent &
Location XK Z2WVWEIGZ HD 570 FEZ bNd. —F, HEBHICK 2 741X ) V723K
ZMREOZEIZR o h o 7.

5.3 TEMERIEFE

9 1Z Transformer D&, Transformer+ 2 ¥ —8AE, Z L CTIEMODO 7'v b a1 o AR %
RT. Hi1 THlRZED, I brale LTIELWETH 2 -0120F, AR L-&FIEZIEL
CHEENROVMGZFEARTETED, 2OMET2HFENELL H5RZIRLRN. ), &
ZUIS U TCHIG, BRENCE T 2 REZEM TR L TEXEIHETZ 2 TH 5 137%
572\, Transformer DADETNDEE, IELLVMEREZ T TETWEFIEHFET S —HT
(Bl FME 1 D sterile water), BERQWEDFEMICEVTERHE LTV Ze230h 5. HlZIT,
Primerl, Primer2, PrimeSTAR®) 72 £ DHFEIZOWVWTIHIEL K ENTETWARW. —/5T, 2
Y —HAE % Transformer IZMZ 2 Z2I1I2& D, TNOOYEDERIZH ZFEEIEL S AR TE
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>

Prepare distilled .
. FIE1 Water for 1 minute FIE1 Add Ztenle
& Rinse to pull distilled Distilled water
FlE1 o\ the sterile water water
. with sterile water
sterile distilled water FlE2 Add Primer1
Add 1 volume
FiR2 of Primer1
FIE3 Add Primer2
« % Add 1 volume
FlE2 ﬁ;—\‘: of the incubator || EIE3 Add 1 volume
of Primer2 54 Add PrimeSTAR®
Primer1 Max Premix
PrimeSTAR® Max
Add 3001 PrimeSTAR® Premix
F|E4 To the PrimeSTAR® £/
column FlEs — Add Template
s Add 1 ml of the PrimeSTAF_l@ Max J
FE3 ¥ = same as a second Premix Template
Tube S 1 Optional step: danse .
PrimeSTAR® Max F|iE5 P treatment to remove m} Set in DNA
Promix : PrimeSTAR® from step 2 FlE6 ?m engine
PrimeSTAR® Max 2
Premix DNA engine
Transformer® & Transformer + J E—#ig EgoZ7ORIL

K9 AFLiFe bareERora s alotbi (EE PCR). FIALZETVE, £ 10+ 0D
IReagent, Location, Device DAYFEICHIH, HFEBICLZ2 7402V 0 7Hh ). £7a barofik
FNEBINL 727 L —L%RT. 22T, 7L —LDTIRIEANERZ b-NEHZERRLTWAS. FHfEE
v —7 ® EERXHTIRRFICIEEE L TW 3D, EBREOER B LCEROIEEEFA TV RN

TWBZennr5d (Bl: FIE 2128 % Primerl, FIH312EB1F % Primer2, FIH 412812
PrimeSTAR®) 7% &). ML EOHREZHEZ 2, v bare UTREREFOHT, ki
B 24ME VWS HTIE, ab—KBEMA2ZeNEHTHZ 2000 5.

PRAMR. oV -2 ANL e THAIBEELL e a2 ERTES X5 1Ckhofz—
AT, TOETMIUI2 RORAEDNH 5. H—IZ, BREOERTHS. KIODOFIHELITHBNT
Prepare £ WO ERAZER L TWS A, IEMEICIE Add ZERT E2RNETH L. AKIFKOFIER
R IEBRIELAAINCE Z TR W, BiEAxEL BT E 2 003ERET LI
WIET 5. ZORIEEEOSVW TR b aVERDO R TREFELINI T A RAD 1 DTHAS.

B2, ETOYMEBLTLER L0 b alfilEEn3 LIZRORVWETHE. X
9 DIEEDTFIE 6 1B W T “DNA engine” &\ 9 HEENHIIFETS 523, £ L7z m b a
OHIZIEZNAEEN TRV, GXMEELTEELT 2 Z2IFIELL 78 b a L O4 L
T2 LETEETH), ZORBISHOBETHS.

B, BRRIZOVWTOIELVWARDSZET SN, K 9IHTIE 1 volume % 1 minutes, 3001
Y OEPCRENCE T 2RENERINTWE Z 230 h 50, Zs0EITFEBICITEYIT
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F 11 WLP 7—&tvy bOIT —RIZBI 5, HEIRDEW 10 OBF 720 HEEES X O PMI
DEWIIR BT 5 4. (EAEE 72 HEEIE PMI ASBBENCE < 72 2EADH 3 7=, $EED 11 MU EoPiko L

L5 fFelE LT3
i BEAOHE PMI 23k
add 949  dna stripping solution (6.74), precipitation solution (6.74), chloroform (6.65), stand (6.60), genomic lysis buffer (6.49)
incubate 496 dark (6.84), assays (6.80), sections (6.67), nanobeads (6.35), primary antibody (6.29)
mix 374 dna stripping solution (8.08), precipitation solution (7.94), components (7.93), choloform (7.93), contents (6.99)
remove 346 upper phase (8.05), forceps (7.45), petri dish (7.32), xylenes (7.19), upper reservoir (6.81)
centrifuge 339 centrifuge tube (8.22), centrifuge (8.20), upper phase (8.08), cell strainer (7.57), cell pellet (7.36)
place 293 magnetic rack (7.72), petri dish (7.56), top (7.40), magnetic stand (7.30), magnet (7.22)
wash 283  ethanol wash (8.45), wash buffer (8.45), intracellular staining perm wash buffer (8.45), dna pellet (8.21), each well (7.94)
transfer 223 per tube (7.74), microfuge tube (7.69), isopropanol (7.55), cuvette (7.50), aqueous dna (7.09)
discard 220 flow-through (8.40), cell pellet (8.07), supernatants (7.67), spin cartridge (7.57), supernatant (7.52)
resuspend 187  cell strainer (8.43), mojosort (8.28), intracellular staining perm wash buffer (8.20), te (7.81), cell staining buffer (7.78)

£ 12 WLP 7—Xt v FOIIT —X B} 5, HEPRDEV 10 DWike 20 HBESHE S X O PMI
DEOELE BT 5 . (RAEEE R BEEE IR PMI ASEBENCE < 7R 2 EAD D 3 7=, SEEED 11 M o8O -

B 5 fFEHE LT 5.

ik Yk DIEE PMI %3 W B

tube 435 flicking (7.71), placing (7.48), disturbing (7.35), inverting (7.31), insert (7.12)

cells 406 scale up (7.82), seperating (7.72), lyse (7.67), working (7.58), flicking (7.44)
sample 309 load (6.88), insert (6.62), process (6.62), determine (6.47), cool (6.47)

supernatant 298 pour off (7.70), dissociate (7.56), discard (7.43), save (6.95), decent (6.85)

ethanol 171  disturbing (8.69), pipette off (8.53), invert (7.42), immerse (7.30), removed (7.21)
plate 170 plate (9.22), dissociate (8.95), spread (8.37), read (8.32), seal (8.07)

dna 162 precipitate (8.72), invert (8.20), elute (7.91), running (7.55), store (7.50)

ice 162 chill (8.55), thaw (8.55), kept (8.28), keep (8.00), incubating (7.87)
tubes 157 disturbing (8.59), precipitate (7.71), aliquot (7.67), label (7.48), clamp (6.87)
beads 130 disturbing (9.28), vortexing (7.92), seperate (7.60), spin (7.38), pipet (7.32)

VS, Zhd, BHROEHREIEHR L TwiRWZ t OHERRALATH D, BEo4m e [T
CIEELWH IR EREREINZ 008 I I ERETNVICHKIFET 2. ZORICET 2R BIEL
W7a b aVERO R TIREFEDO R THRRATHAS. 5k, MEBOFHREIERH L 72X
BT o TW DENRD B,

54 MECHFEOBCHEERREOHEEISOXERETILOEEDER

X 9 H1® Transformer+ 2 ¥ —#EICENT, FIH2 LFIH3 ITBWT, WEADOALH»E5 2T
WRWZHBED S, EL K BF “Add” Z2ERTETW. fbL7ED, ZhEXERET
MHEFLTWED, HAVEPREFIUIIELVEFZERTES2 b VWolcZ idfEZ 185
72550, ZOREPELPICTZ-HI1Z, WLP T —Xt v b OFIfT — X282 5EIRD

8 PCR EERICBWT 7 E b 2 MZRIFEREIN TV, PCRIEZF Y Mo TREORREDLD HH L DIRD
LNTWB 7Y, EBEEZZNEZIHEREL T BT RoT V3.
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K13 AfL7zTa baLEfo7a b aloEBRI  OFIEK, BLUX0BEFHIREOMEER. &
B, TITHWEET IR 10 D TReagent, Location, Device DAEEIIHIH, BEERIC X Z 7 41
RV T7HYH) TH5.

HRLZ7a baLoFIER EfE7a raLoFIER | BLEUL BLEU2 BLEU3 BLEU4 METEOR ROUGE-L

DNA i 7 x /) —AranfRLaik 3.0 (£0.0) 4.0 (£0.0) 34.5 23.5 16.0 11.2 18.2 39.1
TR — VIR 6.3 (£1.5) 9.0 (£0.0) 28.7 15.5 6.7 0.0 15.9 30.0

PCR 0 (£0.0) 6.0 (£0.0) 23.5 15.0 8.5 0.0 22.3 33.5
7 A= 25 AR 5.0 (£1.2) 10.3 (+0.4) 33.2 21.4 10.0 0.0 13.8 24.7
I=7Ly 7k 10.9 (£2.7) 28.2 (£0.4) 49.4 36.6 26.8 19.8 24.5 36.1

B 10 OB, B LUtk 2o HBHEE, B X OHCHLERR (PMI) @0k, 8LU
R0 BAL 5 fF2EHR L 7.

log

o 5 c , BN
mm%%,@ﬂ)l%%%zﬁégg) Hﬁ%&ﬁ%%) (8)
ZZT, CO) D 2MAEDEFEOHBEOR, FXZOMAHET 2 X0 ERT. NIl
W —Z2HOETOHERERT. K11, 12KZOMRERT. ZOMR, bW LT
PMI DIEDRREHZ S WYIEPFET 2 01 TldZe <, B 5 IR FREEOMEEZ R Lz, B
D BBEYRICOVWTHRKTH . 2O ehd, HIEED 3 VEWERIRL, FFED
VIASPHEHFN —RICEZ S Z 23RV EZONE. TREEXK 9 ICTIELWEREIZAERTE
72DTHAI0. 1200EZNZHHE LT, EFVIEHEEREFZER LTV LD
5. FEBRZBWT, Primerl X Primer2 I3 XX ERMFHIARAGE L TUE I TWE., LaL,
add 13 o L DFHENGVWEFETHZDT, MITEIAEZHN L DTIERODPEEZS
nb.

5.5 7O FJILOFIRHE EREICDOVWTDER

F1ICER LT B Fa L e BT b aloMoOEER S v oFIEK Y o EEEHGRN EE
DOFERERT. D FIEROEPRD/NZVDIZPCR &7 =/ —L7aakRLaiE KkbEHN
KREDSTDEI =Ty FETHo72. FIEBROZZNSWEPEBNTHS. — 5T, X
O HERHIER IS X 2 7B CIEFIEROZEPKEVWI =T Ly THmd BOMREZ R L TV 5.
L7278 aVOFIERDPZL k213, XETREROHGEEIEML, EMe L
T—HF % ngram DIENT 5. 2D D, XELNLTOFMEZIT o LRICFIERD RS %2
W =Ty I, ERE OFIEEICEZDN TGRS E L R2HEHTH L EZ 55,
Sk, 7a b aVEROFHEE LT, FIEROED BRICANGHE, LBk E

O ANDRERPIIFEL R WIGE, ETVIIERAGEL LTEX605. LaL, av—#BEANEZZ0EEHNIY
L:a&)t’oﬂét&) FKHAFETH o THMIET 2 HFBEE V- L TN T2 Z e WAEETH 5. BERARENEIET 3

BRI 2 [ L Tld w7238, BioVL2 HOWIAS D 5 5, RAFEEZ STYIADOEIEE 34.3% (= 12/35)
T@ot
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Eibf:j’l:! b 3JLEPGCIEI#’L6Z))E\57}))ZL\O?’:’ A I 31D@'§’£%O)E{¢Zﬂﬁl’g L/El\}b'ﬂ'f:
Pl 24T 5 LA A Z RS 2 B D 5.

6 HHOIC

ARHFRIIECEDETICB T 52— AFOFEBWE T —X 2y b TH 5 BioVL2 7 —Xt v b %
MEEE L7z, BioVL2 7— &t v MIELFAICBIT 2 4 FEOEANLRERIHL, Tz sd)
R LA 2R 67257 — &ty v THD, SFET/7—>ave LT RELS
FEOMIBMEFRO T /7= a Yy, (2) v barFicEHN MR T ) T —> a >0 2 @
D7) T—=arEMNELTVWS. MELLT -2ty b2HVT, ICHFEEL LTS
Mo7a harEHEERT 2HEICHDHAR. TR, HAEEELL Fu barizt
MTE2Z %R LE. 51, BioVL2 77— Xt v MIMFEHRBRIE O RNEFETHS. 2D
T—Xty MEELTEETTFICE T 2 NTHIRERM O REED 2 & 258 { L.

B

AWFZE1E JSPS BHFE: JP21J20250, JP20H04210, JP21H04910 DB EZII72d DT,
7z, KD 2I12H7z>T, AruarH A= 7y 7 ARREZHDOHFA FHZERKD» 51
AR aXy P EHEE Lz KiasSUIHNED—ERIX The 4th Workshop on Closing the Loop
Between Vision and Language (CLVL21) THE L7z % O T3 (Nishimura et al. 2021b).

%

A WLPF—4tv NTEEINXJTDESE

KI4IZWLP 7—&ty PCERSNEETORY, ZhODET 2 A 7Y, 2L TZDH
BHZ RS, Jram (Kulkarni et al. 2018) DERICL D &, Z7OA T IV IZENEEZRTHD (K
H D Action), YIMRICED K BEIERHZTRT DD (R D Reagent 2> 5 Seal £T), HIEICHD
CEERE (R D Amount 225 pH £T), Z L ThhaillZD < [EH KB (Modifier & Mention)
IR TV,
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®14 WLP 7—Xty pTERINIXS.
& 7 OB RIDAHTAY MO
Action e RS EIA R e, EE
Reagent s
Location PN ISR Z DMK E AND 2D DRI (7 RAEERY)
Deviee | REMTCEIRII | ey Lomiond, SEOMREER ORI (R0 A L)
Seal MRS G Ly —AER Y
Amount LULENDY LS R
Concentration EEYoD 2 2L Lo EOMEMNN LR
Time » % FIEDFFE DEIE D FTEERER]
Temperature e (FELPERDOERH)

Method H 2 FFNCBIE LT HEMiS N2 FiE2 RICERE L 46
Speed HEIcED L FHERH — AT, FEDT D 1 9 H 7 D DRI
Numerical RERERPIREIC Y Tl F S 2w, B 2fEbRnwiF
Generic-Measure REFI IR IC Y TUT E SR WD, B Z2 S B (Fl: 1mL)

Size RO EERTRE (Bl EXPHHE)
Measure-Type HIEOFEEZ RITIHZ 2 (Hl: volume X density)
pH TBIROBMEE /237D ) ErRns RE
Modifier PR ZED|
Mention | VT (RIS I T L 0 HE B
B tloU DFtHE

ARV bA, ARV b BRGHRRE R TRMOME2 52D, ZOXM A, B35, 2200
ARV FDtIOU A TORTHETZ 3.

tIoU(A, B) =

|AN B
- AU B]

9)

ZIT, |[AnNB| t |[AUBlZZhZhA XY PREOEES L IEEEERT.

BE3
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