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R(a',2') = MR(ZEEIN) + RBEHEAEE)+ -+ MREBLREENEIE)

- AT ] . - A ] .
T,  [=rTder A [ Te
g »’sﬂ?ﬁ Copd Rl x »’!gz
5SS | S S |

T4 RZ —FRL ChatBothYM R :
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Input Message Mutual Information Model RL

How old are you? I'm 16. I'm 16, why are you asking?

What's your full name? I have no idea. What's yours?

I don’t want to go home tonight. Really? Why?

Do you have any feelings for me? I don’t know what you are talking about. I don’t want to hurt your feelings.

How much time do you have here?  Not long enough. Sorry, sir. Ten seconds.

Shall we get started? Of course! Yes. We've got a lot of work to do here.
Do you play football? No. i don’t Yes. 1love football!

We'd have to talk to him. I mean, he’s a good guy About what ?

How come you never say it? Because | don’t want to hurt you. I don’t think it's a good idea to say it.

4.2. SeqGAN #[ Conditional SeqGAN

BIEIRTIXAS, ZF0FET5EE85: RL + GAN for Text Generation, SeqGAN[171iL7ER]
ARL Text Generationf/SE £, FILATRZGAN for Text Generationd IR IE. LEISRAET K
ERIEHARL ChatBothiFFHHIE, ELHIEN TERMER ., HWEBRIMERGANFRIFIFIZZD
ERBHEZESIPEM Reward KRR, RIEFEEMKERNTHIXARES, WIFEBNENE
Fh{E Ry ITEAIMEH AU TRER:

- 1 & : .
Ry (814-1) = N Z D(s1:-1+4'), 4 €MCy(s14-1;N)
P

XEZRAR, BREFBEERNFIISKEN T, su1 RIEFAIERLERNEDFS
(ERLFFAIMAHAIRAT) , BEIREFERRSFE N MEENFS, REXAKEMMKIERE
EiFHEIER MR AR Action (T—M3) , FBIZRDERNUB N BANERNFINGLRF

2 Reward .
FEF—CRHIBIZR Dperr N2 BT, £RZ G RIBZHFIHIFIZR D REINVESTHAHLED:

07 «— 6™ +V Rgow

N~

) 1 & _ .
VRy = (N ZD (s1:4-1 +4') Vieg Py (¢ | 81=t—1)>

i=1

2|~
.
]
I

M= INNgl

D (w’") V].Ong (wl) ’ (y1 C wi and 81:4—1 + yi = mi)

HIEMSRCEMNIX AR UELBEIE, MEBEMIIGHAIZIRZNOIHET . —ARKGR, H3H
B[O EMFIITHNE D RE2HAMNZF I N BT ARNRRE, RRIFRCGANIEE, #5)
22D T real/fake FALEHAVETEERITN 0.5 B, WAL GATERMNFRRMUELE, B4
HEELENESS, HRSEENERSEAITHIEESH 0.5 NEFOR, BENRAFIILED
FEBINET . BEXWMPRNTHE, —RFGFSREMSBNINGRE, #ITIRFBIZEEIIE.

......

|
i
i
i
i
Ha
i
i
|
i
= Text Generator Discriminator
i
i
i
' [)
i
i
i

SeqGAN Conditional SeqGAN

Reward
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SeqGANRYIR I AGANR FSHIEARL (Chatbot) FEpl T EEMHE, EHEIHRIERANIER
B Ih—"1GANTE BG4k UFI 14 25 i Fi——Conditional GAN[18~19], B&M4MIGAN, &R
YR RE—ENRGER —ENFRA, ZTEREBANFHERENFE, ERISNAE
&, tban:

this magnificent fellow is
almost all black with a red
crest, and white cheek patch.

SHEE R A IR R EHNER, E—aMEEAELE, T—aONENWAEERNEIE, HB—M
TEZREBEEMBEHRXAREIE, MX MM, SeqGANBRZEILRRT ., £L, RECHA TR
#: Conditional SeqGAN[20], RIEAITURA TS, Conditional SeqGANFRARIRLIEE
AIERE:

M=

VR, = D (ai,mi) Viog Py (a:i | a,i)

2|~
-
I
I\

FEL, ERFS5AITHNBUBENR—F2E, RREVT DR BHNRHED R, )
BT BRIBARNERNIERBEANBEES S D (d,2') . BMEFRBRN, LFRLRL+
GAN X AAE MR ARS BAE T RN AERIAREEARNX S ERANBRYESI T IEE
B, SARBATABENE, HIRET jugle #1719, BIXD jugle BF)IZRTFH, EXIEE
BANFIREPETB LALLM RL+ GAN X AERIEMNEERBNARE, LHRD54E
R ERGRUTI A E ISR BT, LEEK, SmALEERMBoNERBRDERXERNTH
(dynamic) .

pre-trained

Conditional SeqGAN RL Chatbot

RL+ GAN &I Reward HHILAK Policy Gradient iR, I58bithiEF T GANEXT
BRI ETEBPRIMR, EEABAEINGEIINFEMRRCHER, XRAMNMEIN
[R5 5E#15I83D, #EConditional SeqGANITIFE B —LEFERLE R, RL+ GAN I)IZ4153
A MR EERE—EENAEANBERE (REBMA—LLB “BHE" NRSE) .
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Tnput
Vanilla-MLE
Vanilla-Sample

tell'me ... how Tong have you had this Talling sickness 7
i 'm not a doctor .
well everything you did was totally untrue .

REINFORCE i don "t know how long it s been .
REGS Monte Carlo A few months, I guess .
Input so 1 had the doctors test sammy s response to conditioning .

Vanilla-MLE
Vanilla-Sample

sammy wrote the test sammy wrote the test .
objects pick objects up objects objects objects objects objects

REINFORCE i 'm not sure that ’s relevant .
REGS Monte Carlo so he took the pills .
Input what are you going to do ?

Vanilla-MLE
Vanilla-Sample

i 'm going to the movies .
get him outta here first !

REINFORCE i 'm going to get you.
REGS Monte Carlo i 'm going to get you a new car .
Input they fear your power your intellect .

Vanilla-MLE
Vanilla-Sample
REINFORCE
REGS Monte Carlo

you ’re the only one who knows what ’s going on .

when they are conquered and you surrender they will control all of us .
i 'm afraid i 'm not ready yet.

i 'm not afraid of your power .

5. —LEYRTT + —LEFE(H

LEXATiARg, RE RL + GAN TN AERNERFRE, ARAE, CANESLFRz{TIIREFER
BRESAHERE, 7 RSN GAN XAREMMNE, M/ELIEESGANTENLPSIEAY
BH, *AE—LEE—IRNET,

5.1. Reward Baseline: 2Z[j{E_E /Y Bias

FA2TRRE, BAIRMERNBDAETFERFR o WBERED ( o8 BTEIHEANMEER) (F
NEM Reward , BRARHEE, NZEIRFIXEHRGSOEHMIIENA, WIE—REVEEM L
BENER, £7BDEARLHM Reward HITE] . MIEIE EHKMH, EMEBNIIGSEET
PEARBUNRENERER glov HIMARRMESWARMERER ghicr HIAIEER, AMAESLH
i, BFRETEFATERRNEFE, IETBORNREXFIEHE I REESEM3CHIILK
LRI

W\

A\

Baseline

<r
N
N\
N

%

- Baseline

—
-

MM

A\

DA\
N\

DA\

O

R(hx) R(hx) R(hx®) R(hx*) R(h

&

R(hx!) R(hX}) R'(hx%) R(hx) R'(hx)

PR, EREFINMNEENRESH, MELLI TR, BRNGERES, HIR
BE—1XFE Reward NE E{EBaseline, HRITERMENINE, EEEHAEXTEEEERN
RN R or BT B, EEEMRCHNEREREBRGINRERTEAR, EGEMSHRE. i©
REEEEN b, MANTTREEBEOITEATER:

. 1 & - i | g
VB =3 (R(d',5) ~8) Vig Py (&' | o)
i=1

https://zhuanlan.zhihu.com/p/29168803 #1137 (#251m)



Role of RL in Text Generation by GANGELZ I EE RN MMEXAERPIENEE) - AF 2019/1/14 T4 4:42

SHNHE, 7E RL + GAN BIXAAERLESH, FIHFELERZDX & M EMEAT HABRRS D LR
EREEHEME b, M4A.2775 SeqGAN 5 Conditional SeqGAN HAEE X REMMAEEITE AR

B BER R T :

~ 1 N i .
Vi = 530 (D) -8 Vieg s (&)

. » i | gt
VB = 1) (D(d,2) —b) Vig By (= | )

o
I
=

5.2. REGS: —AILHE—AY

WBORIRERTIURI, 7ESeqCANMRMABETEARNNHES D, HEFIZEDETHEMF
RERMEDELRINNFTXANERESE, BiEERN, JUERZRNHESAKNPER T
FPartly XA FFIIM ERMERMERTERFY, AMAERVISERD, RIBESZBESHEME
RABETEAN, EABORINGNABTHREDERGRAITIHGIT D, XFMNIE, L5180
BT D X TERFIIFHNE—Ttoken#BZ2EFHFE, BRI —ERE (REEDMNIE
@) , EEIM—EED, IMUEESH—TER, ETENMF.

EEABERHE—TIEE (BEEXZEBFMEMRDE) -

question = ['fR', 'M', 'ft&4', '&F', '? ']
real_answer = ['E', 'IJ', 'sk="', ', 'l
fake_answer = ['¥', '&~', 'ZE', ', ']

REA, £5RDEBRZIHNAGELEZRR, DAZTHLREHORMESD, ERFMANILL
BH/RMTEZERMRI, $—M8 ‘&~ EXMAEIHFANE-—TMEE—HN, MRE—TFH
‘o THXWHIKE, EMNHEHIHRES, HERRNE “7 7 # “WE” XHME, BERT
=, EHRFIE fake_answer NEROIZFZRA, RATZMEN 27 M . " hERE—E
EREDFIERNET.

IEFATEZ GAN + RL WX ARE R MARE, RIE P («f | o) SEXNMALX of BIER
SHETX g8 R, FNPKEHFDRETRIEHHEZNOTR, 8—THIMAECEHEWREZA]

contextfIFZ M,

Py (* | a*) = Py (2*[1] 1 @) + Py (2*[2] 1 &%, 2*[1]) + -+ - + Py (2*[T] 1 @, 2°[1 : T — 1])
4.1, 427 1RE], MRAEMER o WEFIRBDITHESD (ZRESN) , EMRBCEHINGT
PR R A ROMR, FE LEXFAN, HERIEBERFIIPN SRR 2 [1:¢4 EEH
REAIHAPTEHEE, ETELERZIBRED MHEROET?
fRIRX— RGNV EIZ L EM B IERENHI TR EH#— S MW E word 5f character &3ll, 7EXA

BITE AT 2 W partlyRUE AR HITIT 0. XFPALIRESLTESeqGANRIIE X H[17]IFIE RS
T, #hRZEIConditional SeqGANRR, ABEMITEARNKIE N T:

RAH, D, (of,2'[1:t]) BRITENXE, EAREFBDENRRIIEMIRFREGEH D XA
BIER T T &L rewardlfhit, M= <MESEE—THNENRIE, MESIRERNEF
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X ALt R &reward, FERIZEKIFE M reward, SeqGANRIIE X R{ERASIFRI8IER[21]
(Monte Carlo Search, MC search) I/ EITEERD 4 RFEIIX FE{RrewarddIfhitE. ME
Conditional SeqGANKJIE X H, ¥ T XFh4t#E—&F —— Reward for Every Generation
Step (REGS) .

5.3. MC Search & Discriminator for Partially Decoded Sequences: #E5i®
ERREE

£ —TFISeqGANFRERMC searchi#t{TE8 D FFIRAIEITHE D, (of,*[1:¢]) B9ITHE, 1F
JREGSIRIEMXBITE, HMLAET, HAFFBEMAEBDERMFIIREATATHFRNZRLE
R, MFGE—HEKRLERE, ATEFHERED O, AETEESRENERLER .

BESRGILE, FERBABOFEINERT, De(af,2'[1:¢]) RISHiITIRE, Monte Carlo
Search[21]ft 2 EHF—F{dit 5%, Monte Carlo SearchiY BEREE 2, RIZRIISEAET
OERAIBE 2 [1:¢ , BAVERHFIAGenerator, BHIBEEXTHIR, HEEEMH
SMSPTENFS (BERREEFIRNER) , 2HIRGEHBRDHITITY, X M TMEINEARN
FYERMEDEVAE D FF «'[1: ¢ BERMEITE D, (a,2°[1:¢) .

M
D, (a,a1:4) = 223 (D (a2 (1 ] + e +1:7]))

p=1

SR, (EAMC searchiJRR/tWRIAE: BEM—TE, MEHIT M IREMRE, IFERN;

BE—IR, SHENTERNEHN—LEED FIIREITHENRE, SEETEERME—
RITERIER AR, XFTELRN D, (of,2'[1:¢]) FIRESENTRAIFFS (LLWs
— i) BEHE.

B —F75 %R H T Conditional SeqGANESIEST, FHEIIG—1 7T ASTER S B4 ABTAETITH
BInewk IR0, BEASIHAN x+ NEMABTFH (BDFAME—MIFHR) E&iCHE
{z[1: )%, ERBEERERS-SNRMIBFFIESITE (o [1: 4} . BIE
RNEFE FRSGE— N RETMIEN + % - (5RFIER) , SEFEII—EMAL
BUgEDEIIILRT, XIS EIRDiscriminatorfEI8R T ARIAF FIT D HIEEN, EiEERX
B #Discriminator/A A1 FRFFIFT D EIAIRE D, (af,«'[1:4]) . KR EMENLRERMC
searchBEMRS, {BERA—THIERE.

—TIBERLEFM D, (of,2*[1:¢]) WITEAZE: —FEFBBOFIIYYHTEFIIRL LT
7, Ma—MUERERD FIMALRRIIGERE, SRTNUNEDFIIToEE, —
TRIE, Z—TRAMKEE, WAEEMBEBART .

5.4. Teacher Forcing: £§Generator— M E1E

EFFIR I EESeqGANHR Teacher Forcing Z Bil, StHiBI ARG R 7 45— TFRNNZTHIF
mode: (1). Free-running mode; (2). Teacher-Forcing mode[22], BI& 2 1E % MRNNIZITH
I E—PstatefHI BN T—statefVimAN, XEMITE XA, FAERNNIIZHE
Hi, |AIMstateFUIREIM TIRENER, BLEENEPstateFPRZEHEE, UMETHRELER
EERFHRMEIIFER & EHIRAEL, M/EE Teacher-Forcing modefIfiEm 2, BXRNER
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E—statefVEHEA T —PstatefV% AN, MREZEERground truthf3$ M _E—IER T—1
statef94IN .

Free-running Teacher-forcing

FESeq2SeqtE BRI, HAMRIRIEMBZIE=I, HEFEMBTIN:

input= [IaI' Ibl, lcl' Iel' Ifl, IgI' Ihl]
output = ['o', 'p',
'Labe'L= [Iol’ lpl, lql, Ir.l' ISI' Itl, u ]

Free-running mode T #9decoderai§ 58 = INiAiRA95I H output[2]="'s' (FHRMOFFIR) ERT
—“Pstatef9%i N\, MfETeacher-forcing mode™, decoderfll&iGEFREAHIE = IR label[2] =
Q' ERT—statelfIAN ., HARXAMBEENRS, ERNREIREHIE, FtraininglIiH RS
BRIFNME, BREtestingfIHEF A BE/S Rl ground truthfI1F T . RIFIIER I8 Free-
running modefybehaviori)l|Z:18 R A] §E3% i F Teacher-forcing mode, Professor Forcing[231{&
FAGANZIHN LI 7 X —Bix.

YR, XLEHMEHMIME, H(I1EEIZITeacher-Forcing modegz #]#Imotivation: illlZk (%K) &
HARIRNNIEE S5, JIFERBEAETNERER (UEFHRIERIR, FARkioutput NS ER
state) , WAFkEEground truths®{THREE, 7TEEIEIEFHNIEHN.

SeqGANLTZTEX M E, —FFIAMAERMESGIEESS, BMfERET—TEEMMII%G, tL/LFE
A 9FAIResult, AAFIXEbad resultfG RIS R ZEDARBEIREIRIEM Reward (&5H) , &
R 2R G4k R BEAR B L BIERAIT D KM LM T iE S Elgood exampleMIIES, KIZAHEMTAR
TSR, ERVAZTHRET., T2, BOEESeqCGANIIIKHLAEI4E KR CHEIIEAMNITE
&, tHMEHRERES: “TAENEATRESESS Reward ?”

4.2%IRE, G Tl HISIRDIIBEERITH, MTLIIRRENITS BHERNE
AREBIE, BATRTIABEHL R — 85 ESEh R A4

Real = {(a%,29) , (a},2) ,-+-, (aP,2p)} , ABEIBREMIMLIIZLHED 1 (NEEL
EBENMEDS) , BEMINERECHIIGTIRS, KHE RS AEAE AT A LSS
SEMORE, MTi—EIRE ES T SeqGANKIIZ TR E F — S WSS B T AL RS,

D (ai,zi) =1, ((at, i) € Real)

FEBALUXE: BIIGFHNERIZR D ARBNMFENEIHEARITY, AEMAREKZZGHIII
g3fEh, T, —TERRENBOELFBIRDIL, EVARFEBEIHER (of,zi) AT
PDESFbaselineZ 17 (ERMELZIRENEFHVHANIE) .

D (at,z) > b, ((af,2t) € Real)
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5.5. Actor-Critic: B[~ X _EHIGAN?

f£DeepMindfy—RHFARNNIX E[24]F, KEI T @A FE I P S —MFFHRAIEE—Actor-
Critic, H2H 7 X MRELS GANZ BAIEXR

BB A B — T GANFR L7 23 DAL B2 GIL LAY BY B AR R EX :

D* = argmin —E,.p,,,, [log D(z)] - E..n (o, [log(1 — D(G(2)))]

G* = argminE, o, [log(1 — D(G(2)))] = argmin —E, g [log(D(G(2)))]

BiRuEtEY, AETRBERNBAZEI P, BIELHRIRENaction, MFRIRE
Reward , AREFMRE, XMRFEEHENLRIMEFIFEEER, EAHERRFEHHEFMN
WE, BERREMRESTMEREIMNactionE WML LN Reward , MEMSLEFEF, RIS
RHARBHIBHARE, LEactionhZFEHAHE) Reward AFHBA/ER, REEETIRTE
DIYEY$T 233 LM, BARXAMRMETTEmodel AL R T HAIENR .

A, BEREERZIE—TEREMTAELZMENERE Q"(s,a) , ROJEEMIEAINME, X
EfhactioniRERANAEMTIHAZRIE? WA ENR Reward FIEITTREAGHEWFESIR, XM
£ Actor-Critic, ActorEly RRESiAPolicy Gradient{fift, 5588 = , CriticE8 &8 “Q-
Learning” %3] H & fifJaction-valuefBE R %, ITERAERE RECGANIER? REBFENEBFR
®, Hd D(||) #8EE—FDivergence, EEFEIFHHBNXER o HERNEENZTEIA (t
%, KL-divergence, JS-divergence &%)

Q" =arg ngn]EshatNﬂ [D (E3t+1:‘rt:at+1 [re +YQ (8241, a41)] | Q(s¢, a‘t))]
7" = arg m:}X]Eengo,aoNr [Qw (30a aO)] = arg m"-jn _]EO(]Npo,agNﬂ' [Qﬂ- (30a aO)]
X I GANSR B L fE— TS k2 2 AU Actor-Critic, HEEI T ME & BAE S A R EEERIEHEL

AREME LNERRR, WE—T, BRARCEIRARTEBCANRR T AR MELLE LR ERL
B, IBARREEF I Actor-Criticth A X AE IR M T BIh—FhATRE,

Method GANs AC
Freezing learning yes  yes
Label smoothing yes no

Historical averaging yes no

Minibatch discrimination =~ yes no

Batch normalization yes  yes
Target networks n/a  yes ||
Replay buffers no yes |
Entropy regularization no yes |
Compatibility no  yes ||
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5.6. IRGAN: FMLRERIT

IRGAN[25]iX /R TIER R T 20175 /ISIGIR, MEERBEREMEIEFE—RFNER, H
PR EESeqCANKRIIA D, FEREMXNMNENBBNATERERIE, MXTWET
BRI GANI 2 B Framework, TEFA T IRIFRERAIMFENMMAR L BImodel: EMKUIR
RE A FIBIIRIREL,

ARIRER BIREF £ —Tquery — documentfI*EXE S, AR HXNENEAN
queryiREIEXMRRER; MABKXRERE FEEGRE—TTES R, ENBEITERTEE
X9 H xBFEERX <query_r, document_r>M Tt xBxE 8 X <query f, document_f>, 3T 45
TEHE I <query, document>, #IFIXIRIERLE HiZEHXS PRI K EXFEE .,

F M MER S BN BRBEMEL LB TN 2 HSHOBR, HiREESARERE
GANBIBE R “H&it” £ THITE, RIVEERIIREIITIE: pp(d|gr) . BHIILIRE
BRME: s (gd) , FEEMRGANIE RN :

N
JELD = min mg.xz (Eimpye(dlasr) 108D (@ | @n)] + Edupy(dla, r) log(l — D (d | ga))])
n=1

fEIRGANHR, £37I23DE X AFIBIHIREEH)Z 50T

exp(fy (d, q))

D(dlq)=0(f¢(da4))=m

FRERB[BONBEIRREH—FER:
N
¢" = argmax Y (Binpyu(ignr) [08(0 (f5 (d,60))] + Edrpy(dlg, ) log(1 — o (55 (d,24)))])
n=1

B3I, & LR G E M i BAquery I condition 58t AT document 5 iZqueryf X BX 3
m, TE=H, BNBTEEIXDRED, TEEHFHARNRIEXNdocumentZE R, 78efF
NEFRDMNBMARAEL R B ZRRERNRE, ERNELENDHETX—S T ER
BEEINEIR T, BT BNERLES, 18 Reward(-) =log(l+exp(fy (1)) , MEMZICHIE
FRER B B R

N
o = a.rgmgx Z Edpy(dia, ) [log(1 + exp(fy (d.gn)))]
n=1

M ERANMERNRDEHINER, MXTEMETERFTFREZERERNE RN (d,q¢.) £

HBXIRREL PRI N AT B XA R 2, BRANFSANITICHE: JC(q,) , EBPolicy
Gradientt A NHITHEMAL, HERAITHRNESHERR JC (¢,) NRHUEE, ETMETR
THE, R ke TEHAERDIREER G HNEBER KM,

VoJG (qn) = VﬂEdNPa(dlq,,,r) [108(1 + exp(f¢ (d, qn))) - b]

M
= Veps (d; | gn,7) [log(L + exp(fs (di gn))) — b]
=1

M
= " po(d: | gn,7) Vo logps (di | ga,7) [log(1 + exp(f5 (di> gn))) — B]
i=1

K
~ 2> Vologps (dh | au,7) log(1 + exp(fs (dk,00))) — 8
k=1
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YR, AR T H M baseline— b , XHi%Ebaselineh HEIEH4E RV FIYHALE
Reward .

b= ]Edeg(d|q,,,r) [lOg(l + exp(fdl (d7 qn)))]

ERRE I PointwiselERZMIIRESS, RETFPointwiselEH.EET BRI EZMNRER, Pairwise
BRMIRIEE 245N ITE Tranking L, EOREER Ry = {(di,d;) | di > d;} PEEFTHR 7T
St, H d; th dj 54BN EEMEBEMES, IRGANE Y B2 PairwiselIEHz, BN
B “TUIMET . EFIRREIGAE R

exp(fy (di,q) — f4 (dj,9))
14 exp(fy (di, q) — f5 (dj, q))

D ((did;) | @) = o (f4 (dirq) — 5 (ds,9)) =

TRISE S RRGE— M softmaxF K, NiPairwiselSH: FTHITHEME LS T:

exp(go (dk, q))

P (1 07) = (s (0 )

Vo exp(gs(dk,q) —90(djrq))  exp(ge (dryq) ,
G dj) [0) = > aexp(9s (di,q) — 90 (dj,0)) 3y exp(go (dk, q)) = (| or)

IRGAN7EPairwiselEf2 THIE BRI T, HP, o R REIMIENFRTTAH, M o MRS
R IRIE R A R A — ol

N
TP = i max Y (Bovpmans) 08D (0 | )] + Eopyorg ) 108(L = D (o1 | 4.)))
n=1

IRGANB— A% RE, MHimodel MM MAMN & BHME—TIRRE, FRAZEMRIIGZ/E,
FEZHRMT, BEFERBRTMI, FEEXTIRGANIIZ B2 SRS N IIE M
TEIE, REAEINFRNNABPRERGMBENAEIXES T, EFBANNTERNES
BORBEF AL ZAMBINRXBER, H3IRERNE LD 2MNERREENS NV EEEFEEE
HEXROERN, TRIOEZEMET XHB MR TENTERENRLAITFFERSHE TS
pid: Sl

. Observed positive samples ‘ . .
. Unobserved positive samples .
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