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[=2 2|]] Parameter-Efficient Transfer Learning for NLP (Adapter) . °] e

0. AbstractGPT, Bert2t Z2 Large Language Model(LLM)& Fine-tuningdt= -

Ae d&s| 2HAQl transfer mechanismO| X[ 2t fine-tuning2 2

downstream taskE0|| CHol Ti2}0|E{H O 2 H|ZEXMO|C}. (ZE H A0 CHalf &

—20 L *—= Adapters (ours)
@ nttps://ngp9440.tistory.com/143
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0. Abstract

GPT2 BERT2 22 & A0 BH(LLM)2 fine-tuningst= 212 012 E ot Q! Mo| HAHLIE
(transfer mechanism)O|Ct. J2{L}, Fine-tuning2 %2 downstream taskO0ilA{
ZHE of7|get.

7t ZQUOLCH S| RS ChA| SHA3HOF 30, RS TEHO|EIS ME SH& A7)
7| m=oct.

> =, BE Nt2H|E|E ChA] SH&AIZICH

- O|¥E| & (adapter modules)S &% Transfer leaerningS HMAl!!

@
: &M (compact)0|HA = EE Jh5(extensible)dt RS PHE o~ QUL
o XX DHl(Compact Model): = i0ICH A4=2| m}2}0|E{ Tt 371510 22X E sHZE
Sh= 2E,
o &% Jt's B (Extensible Model): 0| =S QUX| 11, MZ22 =dS HXH
OR FII5t] =AY 4 U= ZEH.

BERT Transformer D22 &%t M0| &t&(transfer learning) 282 Edff CtSat 22 21t
=2 Ex
= =

o A DJM| =7 LA3t H MY E M, 0.4% O|LH2| ¥5 0|2 ERICt.
o O|HE 252 M-S 32, 2 AYoic} 3.6%2] m2tn|E{ 2t =7t | /UCt.
o HHH, DJM| =7 LA 2 Z} XU0ICH 100%2| Di2t0|E{ S &3 0F SHLt.

-> O{RH 252 O REH0|HAM L 45 A} 8l0] TO| stgS +dY + ASS EHEL.

1. Introduction
APH ShEEl RS 225 0| Sh&(transfer learning)2 NLP Z0f| A ZEsH 452 E0E
C. O] ARS2 0|2 S| HHAE BRLI FE S 22 CIAs AN M IR £E2 MsS &Y

MS2 USAUCt (Dai & Le, 2015; Howard & Ruder, 2018; Radford et al., 2018).



O£ £0{, BERT= L2 HAE IHAE 4O = H|X| = 8H& (unsupervised loss)S X &
5t0] &4 El Transformer HIEQAE, HIAE 220} 218 SEF X0 A 2| Mt M52 MBI
Ct (Devlin et al., 2018).
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—20 - s—e Adapters (ours) L
=—=a Fine-tune top layers
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Num trainable parameters / task

o = : EIbst MEt0[E e =AHE 20|

- adapter based tuning2 Sdli M2 OI2I0|HE St& 0= 2511, full fine-

—
tuningdt H|2oh 458 2 + ASS 2l0eict.

@
e The goal is to build a system that performs well on all of them,
but without training an entire new model for every new task.

%, M2 HAIE 2ol 4 M ZRS Sh5AIIX| 2 0|2 MEZR HIAI S

LS —

CHoll & ZtSsth= AMAR”S JHESH= 20| SHFL oict

HAIS 7H0f =2 HE2| sharing2 (2 LI20|HE S/ot= A2) S2HRE A
H|A2} ZH0| 22I0|AEZRH CiFot M (B|A3)7t S0{2E= applicationS0l|A| &
23}t 0|2 QI8 MAHE2 compactdti! extensible$t downstream modelS MM

Sk A

st 4= U= transfer learning X 2F(=adapter tuning)= |3t}

1171E Ho| &5 71
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1. == 78t w=o O|(Feature-based Transfer) 9—|’ 2. 0|4 ZH(Fine-tuning) Oll-_—l'.
> 2 =20 Me A 2825t Lot Fo| WHH S XAl
1. EZ 7|dt MO|(Feature-based Transfer):

o O] 7|'HE A St&5El BRIl M4 2} eH|Y HIE{(embedding vectors)E ALY
o HlE{: CtO{(Mikolov et al., 2013), 2&(Cer et al., 2019), L= 2Ct(Le &
Mikolov, 2014) ttQ| 2 &%
o AME SHEEI QUH|E HIE{ = CIRAEZ o] OhA| 9hEd melo)| Q2 =ICt,
-> &, pre-trained YH|Y HESS ZSIEE St L4
2. OJM| ZF(Fine-tuning):
o OM =XH2 AN stE&E HEYZS E SAISI0] CH2AEZ 20| A
SHE 7S K| E ZH™st= EHO|LCt,
o XZ 0 I2H, O|M| ZF0| EX 7|t MO|EC H L2 M52 2 w7} Gt
(Howard & Rude . 2018).

SHR|BH £ JHX| 7|8 BE 2} ztinict M2 JHSXI7H 2 R3tct. £ o 2%, HE
2132) 2] 20|01 of2] SHRlolA 2R 4 UKD, CiHe| Frnict Aetet TiatnlE(st Hast
=3

1.2 {YE| 7|4t =™ (Adapter Tuning)2| EE4

2 =20|X = o 28 (adapter Modules) = 7|HIOZ oF X bt # (tuning method)= % | etett

: APH SH&El HIE9|39| 2§]0]0] ALOJO]| MER BES =71510] 2 Zeiof
2ot A0 mEt0[E 2 of5 S 4= AUCH

.
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o *EZ 7|4t Mo|(Feature-based Transfer)**= ALH S5 El 7|& &4(2
ew(x)E **ME2 ZA0f %A F7t &4 xv(ew(x)) 2 45D, ZHiol| S2}E
MEZ2 m2tojg] vt SHE S,

o *O|M| ZH (Fine-tuning)**2 7|&E mt2}0|E wE Zt ZrADOICE 2L} 0= o2

=

o
XAS Mg of **eF=M (compactness)**S Ho{2|= 910| ElCt,
BUT,

tx SHEE ORtOlE | 2 2ARH AFRstL, M2

e

@

o CI= &Y & (Multi-task Learning): 02| 2H S SA|of| g&l{of stH, =& =
ol et SAME M2o| R5ITt.
- HiH OfRE 7|8 22 2t 2ol SAA "2 ¢lolk 7hHs!

o« 9 g5 (Continual Learning): 0| Y12 E¢l= &Y AERI0(M stE5ts YUY
OF, UZt 2|7t Yt £ AL
-> O{HE 7|8t =¥2 &Y 2 of2t0|E 7t SREIX| o, S/E m2t0|EE 07y
E[0] 7| WZofl oM S UX| et=Lt.

~>-> O{|E 7|8t =F2 st 2t o]

Multi-task learning2 compact model2 TS = UX|2t, ZE HAISO| CHs SAIH 2
(simultaneous access)E R 3IC}. (BHH adapter-based tuning2 I X| QiCt,)

opt

= = = = =9
StH O|™ E|AIE Ql{HE 2X|7F QUL (adapter= 372 O2t0|E{ES frozendt?| 20| &
X7t gict.)

Continual learning system extensible model2 2t £ UK CIE HAIES Al a5
L



-> %'(‘)1, §_J__'|'7£'||O|_| *x HE X (bottleneck architecture % I-||0|_|"<'>|;|'|:|-_

 GLUE #IX|Ot30i| M, O{E 2 =2 A 0|M| ZFE BERTS} H2| SYet Y52 7|=E5HA
ol

(@)
Of, ST 3%0) IEHO|E{PHS ALSICH U, O)H ZHE KUY 100%2] H2H0|E S AL]

ALY
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o FIJIE, 17719 371 HIAE HIO|E{ M1 SQUAD EE SE HAUUME FAISH 452 EXCH

Ol Cist BAE 2 Xtelo)

ZEXoZ, ofHE 7|4 =2 thed 2y Vbt RE s Y5, et
M E| M dsof 2Hots 52 2L

2. Adapter Tuning for NLP
Ha2kg ®AlBtC

R MAE DYS of7f [HRAER Xejo| WX ZHY 4 AU MY

xS 2AHOR AT 4 U0, BE Hlo|E{ A0 SAIX 20| BR gict.

1.
2.
3. 2t =0l chol a4=2 =7} mp2tn|E 2t H 3t}

-> of Z2 2Fo|M i FESILY.

ES
=0

why? S2H2E AHIA0IKE Che] BUS of2] CIR AR X0l X7 2RO
Stae1o} 5101, TH2IlE] Z271 Bol 0|Z0{Ho} #47] TEOIC

2.1 bottleneck adapter module

g

: Do A0 MER LIEI0|EE FItet =, 0|2 CH2AEE HYo| XA d&st=

Ao|ct
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> OjMl Z=F (vanilla fine-tuning)dllM & WIEY 32| £ 4| 20|
=~
[ |

HEHel E
ot HAER CIR2AER ZHY 7] glo| & SZhat &4 &7t Ct=Ch= HE HHFslof °H1f

But, OE| B2
ol OFF|HIK SBS STt

OfiE] 28 H2(adapter tuning strategy) o Z|&E HESZ0| M2 20| E Fst= 2Al
o J|EUHERZL IEX|= HAE K] %S
o MZ2 o{HE 2|0]0j= FEIRIZ X7|3}
> EZ O|M| ZH(standard fine-tuning)dlAM = MZ2 %49l 20|02} 7|= 7tFX| 7t &7H &
But, O{HE| ZHO| M= E|H, mhEtA

| A
= o= AL

2.2 {HE| B &S| =0 EX
1. &==o| o2}0|E:
7|1E HES{3 2lo]ojoi| HsH 0f R X2 4=o] m}2}0|E{ S L SSHCY,
> ME2 Zo| It of D2 o HH| 27| MHEH o= MHMS| FItstt.
2. 9| Y3t X7|3}(near-identity initialization):

- OIHiE 20| Tl B S fish Aol SUs 2T|8H7 R (S 27 BANM 71E
HIE9IZ0] 5K Y T 271 2IsH)

o O{HE BE2 Ho| SLTt gt4:(near-identity function)2 X7|3tE|0], Et&0| A|ZHE!
M 7|1E HEYIT} &S WX| L E SiC}. 0|F ot THHO|A OB = M3} o] Y|
EQ 39| *+&M3} B X (activation distribution)Z

HZE 4 QUL
O{E| DE2 LRSI 42 FP PAH £E O, 0/ M0 A FRECE UL OfHEIS YE
220/ 2 YES DIXIX| G HHE, C12 O{YEIS SR TS T 4 ULk £, OYE 2SO

x7|810f|M identity TR EE] LS o] WojLtH DH0| S50 AIjE 4 QIrts ME RHEg
Oi[:l-
AA .

—|-

2t0E|2 852 RAISHHME, 7IZ HESRISE 711

> O|E| BES MBS K2 20| X7 T
BEHOE S5 £ YLt

2|X| g0 M22 ES
2.3 Transformer W E$|30]| CHst O{EHE] 7|Ht XX o] 194
HHE RES 7HSt= e o8] 7HX| OF7 [HIM A MEHO| Tts.

i B Sy |

HE2 ds2 24.(0 ST 24 = AHAXIZH (XM LIE=2
oF T2F2 Of2] oI Mol M BIAESH Zat St
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1 Transformer . . a
| Layer ! ! |OOOOOO| i
' | b | a
|
: i : Feedforward :
! 2x Feed-forward | . up-project .
| layer : ! I :
: 1 : ! 1
! : i Nonlinearity '
! Layer Norm : i :
] ]
| | 1 1
5 o :
| 1 ]
|
: i i [ Feedforward :
| ! down-project !
: [ Feed-forward layer ] : i I :
1 1 1
I 1 I
| Multi-headed | . [OO0000O0] | i
\ attention I K 1 /!
\.\ /f \-\- ___________________ -7
2772
VL7440

: FIHX| FR2 FL ** 4 Foloi(sub-1ayers) **E 14
1. Of&lM 2{|0|0](attention layer)
2. D EXQIE 2|0|0(feedforward layer)
o 2t ME B|0| FOl= projection O =XY
: I| X (feature) 37|15 CHA| ME 20|06 1™ 27| = oL
o A7l elZ(skip-connection) = ZF A E 2|0|0{0f| M

ME 2|ofo]e] E32 **2f|0[0] FHt=t(layer normalization)**0i| &1,

- 7—||' A‘lE EﬂOlO‘I —_6;0"* = JHel =™ OfHE{(serial adapters) S ﬁ.l'%l_é_l'ﬁl:l'.

OB = &4 ME 20|0] =3of| Y ME:|H, £EH(projection) 0, 12|10
HAHO| HEE|7| Hoi| HfX|EICt O{HE] 22 3|0]0] 2l =E HtE MY EICE

2.4 5 O}7|8lX{(bottleneck architecture) 24|



mi2tojE] =& MEtst| 2fo HE oMM E xetotrt. o #E = A d-AHal DIXE O &2 X}
meZ £Jot 7|, HIMHYS HESIL CHA| d-AHH 2= FF Lt

o FII=l=m2I0lE = 2md + d + mO|H, O{7| M m K d= HEsH 2t =Hol| It = o2t
O|E] =8 Z[A3}0tC}
o AMENOZE 2|= Rl D2 0.5%0|M 8% Ho| mi2t0|E{ 2t FII5H0] AHRSIRALE.
2 ds31 of2iojg| E24 AO|of| M BEHMES MSdH= 2% RA0|CE O|”EH 25
** A7l AA(skip-connection)**0| ZLgtE|0] Y=, Ol= £ 20]017t 2] 00]| 7HZA|
x7|ate AL, RE0| **7{9| 3B at4(approximate identity function)** 2 Z-E5tA| si=

O{RHE| D=1} 27 2+ =rA0C MZ22 2|0]0 M2t mi2t0|E = SHSEICE 0] 7|2 ZZAS HiX|
H sl conditional batch normalization), FiLM, X}7| Z&(self-modulation) 7|'H&1 &
Atst, 2k 2jlo]o{ S 2d 2| mi2to|E{2F Z=T7tHEICH SHX|TH 2i|0]of st D20|E{ 2t 3t &5H= 22

S 5= 2O ZotH, o] RE2 3.4F0A XtMIS| CHEL.

3. Experiments

: OJ¥E| 7|8t =X (adapter-based tuning)0| EIAE ZF0f| A

fjo
et

e GLUE HIX|Oo=a

o O{E{ =™ **BERTS| MA| O|M = (full fine-tuning)**0i| H|sl 0.4% O|LH2] M5
Xto|

o DOJA| Z=F9| W2t0[E £=9f **3%**2t =7}
- O] Z21t= FIHEel17712] 371 27 =1 SQUAD 2 SE HY M =l ALY

o
-> OfHE 7| =H2 NH32= HER I &9l glojofof HSsttts A EHELL

n



e AMM st El BERT Transformer HEQIE 7|2 oWz AR
*BERTZ 25 =2 £85t7| QI8H, Devlin et al. (2018)0f|A{ H|QHel BhAl*
%

Z AL R M EZ2 =4 25 =20 0|, Of Aol M H0]o{E HZEBIK 2

=& "R} L5t Devlin et al. (2018)2] WHHE 2

o Adam %EIDEOII-I(Kingma & Ba, 2014)E A8
o« AEEEE NS 10%2 AH St MYMO = FII6t0, 0|2 MAXMOZ HE=Z
FAE

e Google Cloud TPU 4LCH0{| A HiX] 37| 322 ot5.

o ZHO[O|E{ Mt n2[F0 il **+sto|m 20| &M (hyperparameter
sweep)**Z TAHStD, HE MEOM HSLIt 715 22 RE S MENSIAILL.

o GLUE Zofl CH3iAM = EHIAE HEERIS XM= EAMOIENM MSEL, LIHX| 257
0] CHofM = HIAE JE HESEE ED

- fine-tuning (™A O|M| =H)2t O{HE| ZF S H| WL
N7H2| ZHdoll cHal, Al OJM =™ 2 AP ShEEl BRI
EH : ¢ M2 0i2l0|E 2 fine-tuningd} SYst M52 ZMst= Z10|H, O|AXH O 2 = 1Hl0ff

7FgA 2= 0%} stk

3.2 GLUE #ilx|oj3 ot



4555 A 8145l BERTLARGE REIS Al
e 247l9| |0]0f
« % 3% 3%atsjo| ojzto|E

o 2712 SHO|HI2tO[E] EfAY

o 858:3-107°,3-107%,3- 1030l M EFM

o SISO 4 {3, 20}0i|A] AMEH
1

o DHE OHE] A7|(HS kIR $)E

o SiE EOIENO
U Aot o

\Q Table 1 &4

AH2SI7LLE, {8, 64, 256} F0i|A]

e

(random seeds)**Z 5t

= Al c
M, 43 MENM 7t 450| T2 ZEAS dH

£ 24, o|= TA| O|M =H2| 80.40]

o X9 O{RE 37|= HIO|EH{ME 2 Ct=A| LIEHH

EX) MNLIO|A{= 256 0] MEYEl BHE,

Ae

~
S

=2

ot

o OEIH 27|E &4 64

Hu
k

f

Ir:
o

2 ya

RTES} 22 718 X2 Gjo/E{ Ao A= 80/

rr

ofZh L4510 79.65 7|1=

> Table 12| 2= H|O[E{ A S s Z25t7| flsh, TA| O|M| =2 BERT If2t0|E{2| Ot
1.

7t 200t 8HE, o =H2

o S5 oAl

o A = 204 157

3bio| m2to|Ef2t 2 R5IC},
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o HiX| 37]:32
£:1-107°,3-1075,1-1074,3- 1073 ol M ‘7| £t
olz3

A
= =

[ )
1%
>

: {20, 50, 100}0{|M 5O 2 MEH(C|O|E{Al 271 US) « HAS A
20 AH

Im o
ot >

o>

F

|
o -I

- fine-tuning2t O{HE| 2 0i| CHaH £ 2| ZtS MEH

HHE 37|12 {2, 4, 8, 16, 32, 64}0|A E|AESILE.
UL =2 Ho|E M| 22 MM HIESIE O|M| ZHst= A0| Z[™o| ofd = A2 =, R2[=
**7HH 0| M| Z=H (variable fine-tuning)**g £71&0l J7|ZMO 2 MY,

O|Z floH, Zl&¢l n7ie] o]0t O|M| Z=Fstn LHHX|= ™ALt 2= n€{1,2,3,5,7,
9, 1, 12}0f| A EhAHSHALE,

0| &0iM= BERTBASE 22 (12712 20|0{) S ALESHR 7| WiEO, n = 12& ZF< HH O =

GLUE Etdat 22|, o] 2t M Eof Clish *+%| A M5 (state-of-the-art)**2 2 & X st SN
Ol M E= EX6IX| ¢=C}. 2tA, 22|= BERT 7|8t 20| A2 Ql22 stolsty| 23l L2|at

o| HiX|of3 Y52 +TSIRULL 0| = 2/oH = Sto|Hmt2tn|E] B S MASIH T, AutoML &
, 2017; Wong et al., 2018) 2} A}OF HFAS AL SISICEH 0] 22| P |
gl

P X O-Io-" [HOH 7-|’< k"E I‘lgI'EE 7|x0§ *I I% AI_EH'5|-S&[_|-.

=~

: AutoML 7|=#M, fine-tuning, variable fine-tuning, O{E{ ZHo| A1E E5t
Ct.

1. AutoML 7|EM2 BERT 20| ZUH AZ S YSICh

2. fine-tuning2 17x2| BERTBASE IZI0|EHE 216t 2H, variable fine-
tuning2 Y7 HOZ 52%2 HIEYIAE &ESI0 o oujel matne S AFRSIFLCE.

3. O{HEH= EM O dHWESE RHS K S5HH, AT 1.14%2| ME2 ot2io|E{Tt 3
7tE|0f, BE 1770 ZHACA 1. 10ue) matoe TFA rg tACE.

OIRE| =Fo| m2fnjE] I EXQI YA L2 ofz] XYM B

= Yot
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3.4 Parameter/Performance Trade-off

OfRE 37|= m2tn|E 2E2ds ZT5IH,
Of RALF.

- =2E(tradeoff) = BTOL7| 216, Cr¥et O{HE 37|12 HHSIRCH, F JHX| 7| &2t H|
1. BERTBASEZ| &9l k7li2] 2|ojof2t DM Z=F5t= 4],

2. glojo] HsH(layer normalization) Ol2}0|E{QF ZH™SH= HEAL

@
« BERTLARGE M| OJM| ZH (fine-tuning): 100%2| O}Zt0|E{E A23tH GLUE
A0 A Ao M5 (0l: 80.4)2 EABICL.
o O|YE{ 37| 8-256 W9l: W 1.3612f m2f0|E{ 2t I+, HA| O/M ZHof| 23
%t 80.0 M4+E 7| =5t}
o N™E OME| 37| 64: OI2t0|E = 1.28{TF FIIE[JCH, W M= 79.62=
oFZto| M5 X{tE EelICt.
3.5 F7I 27 Zedof cist A
FILHAE 28 MU ME O{RHE{ 7 HHESIHME FlojLt M5S USSt=X| HS

0 e
O
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Adapter Tuning2 A st&E 2 (0: BERT)S A8l **X0| st& (Transfer
Learning)**& e f 2= OH2t0|EE O|M| ZFSHX| fn, £H glo]ofoq =2
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class BertModel(object):
# Bert DY MMX} LHO|AM Adapter ZE0| 2 0|0 AtO|o| 7}
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def __init_ (self, config, is_training, input_ids, in
put_mask=None, token_type_ids=None, use_one_hot_embedding
s=False, scope=None):

# Transformer 0|0 = ZE0|A Adapter 2 &Y 7t

with tf.variable_scope("encoder"):
self.all_encoder_layers = transformer_model(
input_tensor=self.embedding_output,
attention_mask=attention_mask,
hidden_size=config.hidden_size,
num_hidden_layers=config.num_hidden_layer

Of| M Zt=38l= tE C}2 sl Jjd2 AFH &t

[= fr

P shg el ZHo| R E mp20|E & et&stAl
dapter0i dligdts A4=2| Di2t0|E 2 Sh5oh= 2
f

-Ll-l_ A

JEEUEE R
4t 452 RXIE 4 Ak

CHetst, FA| R2S O|M =Hst= Ax

0x &5 T
mo Kl Hn

ku
In
ra
my :.:

e optimization.py IIU0|A AdamWeightDecayOptimizers ALE5t0{ a5 Mz}
O|E{E zt2|StCt. ol Adapter 2=0i| siEst= £20 HOO|[EY = JYEE HH

otCt. &, Adapter0l &51X| gt= m2t0[E = &M HLlSt, Adapter 2t I}
2f0|E{2F HO|0|ESt= WA O 2 SESICE,

# AdamWeightDecayOptimizer LHO|A at& 7ts$t m2t0|E{ 2t K| O]
E

optimizer = AdamWeightDecayOptimizer(
learning_rate=learning_rate,
weight_decay_rate=0.01,
beta_1=0.9,
beta_2=0.999,
epsilon=1e-6,
exclude_from_weight_decay=["LayerNorm", "bias"]

grads = tf.gradients(loss, tvars)
# Adapter EE0| s{ot= Imi2t0|E2H AGHO|E

O|E Sdfi mj2j0|E| 22
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train_op = optimizer.apply_gradients(zip(grads, tvars),
lobal_step=global_step)
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tvars = [var for var in tf.trainable_variables() if 'a
dapter' in var.name]
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optimizer = AdamWeightDecayOptimizer(
learning_rate=learning_rate,
weight_decay_rate=0.01,
beta_1=0.9,
beta_2=0.999,
epsilon=1e-6,
exclude_from_weight_decay=["LayerNorm", "bias"] #
Adapter 2[° mZtO|E |2
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train_op = optimizer.apply_gradients(zip(grads, tvar
s), global_step=global_step)
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https://github.com/google-research/adapter-bert

https://github.com/google-research/adapter-bert

tokenization.py

#
#
#
#
#
#
#
#
#
#
#
#
#
#

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, softwe
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
See the License for the specific language governing permissions ¢
limitations under the License.

"""Tokenization classes."""

from _ future__ import absolute_import

from __ future__ import division


https://github.com/google-research/adapter-bert
https://github.com/google-research/adapter-bert

from _ future__ import print_function

import
import
import
import
import

collections

re

unicodedata

six

tensorflow as tf

def validate_case_matches_checkpoint(do_lower_case, init_checkpoint

"""Checks whether the casing config is consistent with the checkj

# The casing has to be passed in by the user and there is no exp.
# as to whether it matches the checkpoint. The casing informatior
# should have been stored in the bert_config.json file, but it's
# we have to heuristically detect it to validate.

if not init_checkpoint:
return

m = re.match("A.*?([A-Za-z0-9_-]+)/bert_model.ckpt", init_checkpc
if m is None:
return

model_name = m.group(1)

lower_models = [
"uncased_L-24_H-1024_A-16", "uncased_L-12 H-768_A-12",
"multilingual_L-12_H-768_A-12", '"chinese_L-12_H-768_A-12"

cased_models = [
"cased_L-12_H-768_A-12", "cased_L-24_H-1024_A-16",
"multi_cased_L-12_H-768_A-12"

is_bad_config = False
if model_name in lower_models and not do_lower_case:
is_bad_config = True
actual_flag = "False"
case_name = "lowercased"
opposite_flag = "True"

25



if model_name in cased_models and do_lower_case:
is_bad_config = True
actual_flag = "True"
case_name = "cased"
opposite_flag = "False"

if is_bad_config:
raise ValueError(

"You passed in " --do_lower_case=%s  with "“--init_checkpoint

"However, "%s  seems to be a %s model, so you "

"should pass in " --do_lower_case=%s"~ so that the fine-tunir

"how the model was pre-training. If this error is wrong, p:

"just comment out this check." % (actual_flag, init_checkpc
model_name, case_name, oOf

def convert_to_unicode(text):
""""'Converts "text  to Unicode (if it's not already), assuming utf
if six.PY3:
if isinstance(text, str):
return text
elif isinstance(text, bytes):
return text.decode("utf-8", "ignore")
else:
raise ValueError("Unsupported string type: %s" % (type(text)’
elif six.PY2:
if isinstance(text, str):
return text.decode("utf-8", "ignore")
elif isinstance(text, unicode):
return text
else:
raise ValueError("Unsupported string type: %s" % (type(text)’
else:
raise ValueError("Not running on Python2 or Python 3?")

def printable_text(text):
"""Returns text encoded in a way suitable for print or "tf.loggir

# These functions want “str” for both Python2 and Python3, but ir



# it's a Unicode string and in the other it's a byte string.
if six.PY3:
if isinstance(text, str):
return text
elif isinstance(text, bytes):
return text.decode("utf-8", "ignore")
else:

raise ValueError("Unsupported string type: %s" % (type(text)’

elif six.PY2:
if isinstance(text, str):
return text
elif isinstance(text, unicode):
return text.encode("utf-8")
else:

raise ValueError("Unsupported string type: %s" % (type(text)’

else:
raise ValueError("Not running on Python2 or Python 3?")

def load_vocab(vocab_file):
""" pads a vocabulary file into a dictionary."""
vocab = collections.OrderedDict()
index = 0
with tf.gfile.GFile(vocab_file, "r") as reader:
while True:
token = convert_to_unicode(reader.readline())
if not token:
break
token = token.strip()
vocab[token] = index
index += 1
return vocab

def convert_by_vocab(vocab, items):
"""Converts a sequence of [tokens|ids] using the vocab."""
output = []
for item in items:
output.append(vocab[item])
return output
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def convert_tokens_to_ids(vocab, tokens):
return convert_by_vocab(vocab, tokens)

def convert_ids_to_tokens(inv_vocab, ids):
return convert_by_vocab(inv_vocab, ids)

def whitespace_tokenize(text):
"""Runs basic whitespace cleaning and splitting on a piece of te»
text = text.strip()
if not text:
return []
tokens = text.split()
return tokens

class FullTokenizer(object):
"""Runs end-to-end tokenziation."""

def __init__ (self, vocab_file, do_lower_case=True):
self.vocab = load_vocab(vocab_file)
self.inv_vocab = {v: k for k, v in self.vocab.items()}
self.basic_tokenizer = BasicTokenizer(do_lower_case=do_lower_c:
self.wordpiece_tokenizer = WordpieceTokenizer (vocab=self.vocab’

def tokenize(self, text):
split_tokens = []
for token in self.basic_tokenizer.tokenize(text):
for sub_token in self.wordpiece_tokenizer.tokenize(token):
split_tokens.append(sub_token)

return split_tokens

def convert_tokens_to_ids(self, tokens):
return convert_by_vocab(self.vocab, tokens)

def convert_ids_to_tokens(self, ids):
return convert_by_vocab(self.inv_vocab, ids)

class BasicTokenizer(object):
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"""Runs basic tokenization (punctuation splitting, lower casing,

def __init__ (self, do_lower_case=True):
"""Constructs a BasicTokenizer.

Args:
do_lower_case: Whether to lower case the input.

self.do_lower_case = do_lower_case

def tokenize(self, text):
"""Tokenizes a piece of text."""
text = convert_to_unicode(text)
text = self._clean_text(text)

# This was added on November 1st, 2018 for the multilingual anc
# models. This is also applied to the English models now, but :
# matter since the English models were not trained on any Chine
# and generally don't have any Chinese data in them (there are
# characters in the vocabulary because Wikipedia does have some¢
#

words in the English Wikipedia.).
text = self._tokenize_chinese_chars(text)

orig_tokens = whitespace_tokenize(text)
split_tokens = []
for token in orig_tokens:
if self.do_lower_case:
token token.lower ()
token self._run_strip_accents(token)
split_tokens.extend(self._run_split_on_punc(token))

output_tokens = whitespace_tokenize(" ".join(split_tokens))
return output_tokens

def _run_strip_accents(self, text):

"""Strips accents from a piece of text."""
text = unicodedata.normalize("NFD", text)
output = []
for char in text:

cat = unicodedata.category(char)

if cat == "Mn":

continue
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output.append(char)
return "".join(output)

def _run_split_on_punc(self, text):
"""Splits punctuation on a piece of text."""
chars = list(text)

i=20
start_new_word = True
output = []

while i < len(chars):

char = chars[1i]

if _is_punctuation(char):
output.append([char])
start_new_word = True

else:
if start_new_word:

output.append([])

start_new_word = False
output[-1].append(char)

i+=1

return ["".join(x) for x in output]

def _tokenize_chinese_chars(self, text):
"""Adds whitespace around any CJK character."""
output = []
for char in text:
cp = ord(char)
if self._is_chinese_char(cp):
output.append(" ")
output.append(char)
output.append(" ")

else:
output.append(char)
return "".join(output)

def _is_chinese_char(self, cp):
"""Checks whether CP is the codepoint of a CJK character."""
# This defines a '"chinese character" as anything in the CJK Un:
# https://en.wikipedia.org/wiki/CJK Unified_Ideographs_(Unicc
#
# Note that the CJK Unicode block is NOT all Japanese and Kore:
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# despite its name. The modern Korean Hangul alphabet is a dift
# as 1is Japanese Hiragana and Katakana. Those alphabets are use¢
# space-separated words, so they are not treated specially and
# like the all of the other languages.
if ((cp >= Ox4E0@ and cp <= OX9FFF) or #
(cp >= 0x3400 and cp <= Ox4DBF) or #
(cp >= 0x20000 and cp <= Ox2A6DF) or #
(cp >= Ox2A700 and cp <= Ox2B73F) or
(cp >= 0x2B740 and cp <= Ox2B81F) or #
(cp >= Ox2B820 and cp <= Ox2CEAF) or
(cp >= OxF900 and cp <= OXFAFF) or #
(cp >= Ox2F800 and cp <= Ox2FA1lF)): #
return True

HH

return False

def _clean_text(self, text):
"""pPerforms invalid character removal and whitespace cleanup or
output = []
for char in text:
cp = ord(char)
if cp == 0 or cp == Oxfffd or _is_control(char):
continue
if _is_whitespace(char):
output.append(" ")

else:
output.append(char)
return "".join(output)

class WordpieceTokenizer(object):
"""Runs WordPiece tokenziation."""

def __init__ (self, vocab, unk_token="[UNK]", max_input_chars_per._
self.vocab = vocab
self.unk_token = unk_token
self.max_input_chars_per_word = max_input_chars_per_word

def tokenize(self, text):
"""Tokenizes a piece of text into its word pieces.

This uses a greedy longest-match-first algorithm to perform tol
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using the given vocabulary.

For example:
input = "unaffable"
output = ["un", "##aff", "##able"]

Args:
text: A single token or whitespace separated tokens. This she
already been passed through "BasicTokenizer.

Returns:
A list of wordpiece tokens.

text = convert_to_unicode(text)

output_tokens = []
for token in whitespace_tokenize(text):
chars = list(token)
if len(chars) > self.max_input_chars_per_word:
output_tokens.append(self.unk_token)
continue

is_bad = False

start = 0

sub_tokens = []

while start < len(chars):
end = len(chars)
cur_substr = None
while start < end:

substr = "".join(chars[start:end])
if start > 0:
substr = "##" + substr

if substr in self.vocab:
cur_substr = substr
break
end -= 1
if cur_substr is None:
is_bad = True
break
sub_tokens.append(cur_substr)
start = end
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if is_bad:
output_tokens.append(self.unk_token)
else:
output_tokens.extend(sub_tokens)
return output_tokens

def _is_whitespace(char):

"""Checks whether “chars® is a whitespace character."""

# \t, \n, and \r are technically contorl characters but we treat

# as whitespace since they are generally considered as such.

if char == " " or char == "\t" or char == "\n" or char == "\r":
return True

cat = unicodedata.category(char)

if cat == "Zs":
return True

return False

def _is_control(char):
"""Checks whether “chars® is a control character."""
# These are technically control characters but we count them as v
# characters.
if char == "\t" or char == "\n" or char == "\r":
return False
cat = unicodedata.category(char)
if cat in ("Cc", "Cf"):
return True
return False

def _is_punctuation(char):
"""Checks whether “chars® is a punctuation character."""
cp = ord(char)
# We treat all non-letter/number ASCII as punctuation.
# Characters such as "A", "$", and """ are not in the Unicode
# Punctuation class but we treat them as punctuation anyways, fou
# consistency.
if ((cp >= 33 and cp <= 47) or (cp >= 58 and cp <= 64) or
(cp >= 91 and cp <= 96) or (cp >= 123 and cp <= 126)):
return True



cat = unicodedata.category(char)
if cat.startswith("P"):

return True
return False

tokenization_test.py

#
#
#
#
#
#
#
#
#
#
#
#
#
#

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, softws
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
See the License for the specific language governing permissions ¢
limitations under the License.

from _ future__ import absolute_import
from __ future__ import division
from __future__ import print_function

import os

import tempfile
import tokenization
import six

import tensorflow as tf

class TokenizationTest(tf.test.TestCase):

def test_full tokenizer(self):
vocab_tokens = [
II[UNK]III II[CLs]Il, II[SEP]III "Want", "##want", "##ed", ||Wa||’

Il##ingll mn "
4 4
]
with tempfile.NamedTemporaryFile(delete=False) as vocab_writer:
if six.PY2:

vocab_writer.write("".join([x + "\n" for x in vocab_tokens’
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else:
vocab_writer.write("".join(
[x + "\n" for x in vocab_tokens]).encode("utf-8"))

vocab_file = vocab_writer.name

tokenizer = tokenization.FullTokenizer(vocab_file)
os.unlink(vocab_file)

tokens = tokenizer.tokenize(u"UNwant\u@OE9d, running")
self.assertAllEqual(tokens, ["un", "##want", "##ed", ",", "runr

self.assertAllEqual(
tokenizer.convert_tokens_to_ids(tokens), [7, 4, 5, 10, 8, ¢

def test_chinese(self):
tokenizer = tokenization.BasicTokenizer ()

self.assertAllEqual(
tokenizer.tokenize(u"ah\u535A\u63A8zz"),
[u"ah", u"\u535A", u"\u63A8", u'"zz"])

def test_basic_tokenizer_lower(self):
tokenizer = tokenization.BasicTokenizer(do_lower_case=True)

self.assertAllEqual(
tokenizer.tokenize(u" \tHeLLo'!how \n Are yoU? "),
[IlhellOII, II!Il, Ilhowll, Ilare"’ Ilyoull, Il?ll])
self.assertAllEqual(tokenizer.tokenize(u"H\u@®E911l0"), ["hello'

def test_basic_tokenizer_no_lower(self):
tokenizer = tokenization.BasicTokenizer(do_lower_case=False)

self.assertAllEqual(
tokenizer.tokenize(u" \tHeLLo'!how \n Are yoU? "),
["HeLLO", Il!ll, llhOWII, "Are", "yOU", ll?ll])

def test_wordpiece_tokenizer(self):
vocab_tokens = [
"[UNK]", "[CLS]", "[SEP]", "want", "##want", "##ed", "wa",
"##ing"
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vocab = {}
for (i, token) in enumerate(vocab_tokens):
vocab[token] = i
tokenizer = tokenization.WordpieceTokenizer (vocab=vocab)

self.assertAllEqual(tokenizer.tokenize(""), [])

self.assertAllEqual(
tokenizer.tokenize("unwanted running"),
["un", "##want", "##ed", "runn", "##ing"])

self.assertAllEqual(
tokenizer.tokenize("unwantedX running"), ["[UNK]", "runn",

def test_convert_tokens_to_ids(self):
vocab_tokens = [
"[UNK]", "[CLS]", "[SEP]", "want", "##want", "##ted", "wa",
"##ing"

vocab = {}
for (i, token) in enumerate(vocab_tokens):
vocab[token] = i

self.assertAllEqual(
tokenization.convert_tokens_to_ids(
vocab, ["un", "##want", "##ed", "runn", "##ing"]), [7,

def test_is_whitespace(self):
self.assertTrue(tokenization._is_whitespace(u" "))
self.assertTrue(tokenization._is_whitespace(u"\t"))
self.assertTrue(tokenization._is_whitespace(u"\r"))
self.assertTrue(tokenization._is_whitespace(u"\n"))
self.assertTrue(tokenization._is_whitespace(u"\uGoA0"))

self.assertFalse(tokenization._is_whitespace(u"A"))
self.assertFalse(tokenization._is_whitespace(u"-"))

def test_is_control(self):
self.assertTrue(tokenization._is_control(u"\u0E05"))



self.assertFalse(tokenization._is_control(u"A"))
self.assertFalse(tokenization._is_control(u" "))
self.assertFalse(tokenization._is_control(u"\t"))
self.assertFalse(tokenization._is_control(u"\r"))
self.assertFalse(tokenization._is_control(u"\UGGO1F4A9"))

def test_is_punctuation(self):
self.assertTrue(tokenization._is_punctuation(u"-"))
self.assertTrue(tokenization._is_punctuation(u"$"))
self.assertTrue(tokenization._is_punctuation(u" "))
self.assertTrue(tokenization._is_punctuation(u"."))

self.assertFalse(tokenization._is_punctuation(u"A"))
self.assertFalse(tokenization._is_punctuation(u" "))

if __name__ == "_ main__":

tf.test.main()

modeling.py

#
#
#
#
#
#
#
#
#
#
#
#
#
#

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, softws
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
See the License for the specific language governing permissions ¢
limitations under the License.

"""The main BERT model and related functions."""

from __ future__ import absolute_import
from _ future__ import division
from _ future__ import print_function

import collections



import
import
import
import
import
import
import

class

copy

json

math

re

numpy as np

six

tensorflow as tf

BertConfig(object):

"""Configuration for “BertModel ."""

def

__init_ (self,

vocab_size,
hidden_size=768,
num_hidden_layers=12,
num_attention_heads=12,
intermediate_size=3072,
hidden_act="gelu",
hidden_dropout_prob=0.1,
attention_probs_dropout_prob=0.1,
max_position_embeddings=512,
type_vocab_size=16,
initializer_range=0.02):
"Constructs BertConfig.

Args:

vocab_size: Vocabulary size of “inputs_ids  in "BertModel'.

hidden_size: Size of the encoder layers and the pooler layer.

num_hidden_layers: Number of hidden layers in the Transforme:

num_attention_heads: Number of attention heads for each atter
the Transformer encoder.

intermediate_size: The size of the "intermediate" (i.e., fee
layer in the Transformer encoder.

hidden_act: The non-linear activation function (function or
encoder and pooler.

hidden_dropout_prob: The dropout probability for all fully c«
layers in the embeddings, encoder, and pooler.

attention_probs_dropout_prob: The dropout ratio for the atter
probabilities.

max_position_embeddings: The maximum sequence length that th:
ever be used with. Typically set this to something large jt
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(e.g., 512 or 1024 or 2048).
type_vocab_size: The vocabulary size of the “token_type_ids"
"BertModel .
initializer_range: The stdev of the truncated_normal_initial:
initializing all weight matrices.
self.vocab_size = vocab_size
self.hidden_size = hidden_size
self.num_hidden_layers = num_hidden_layers
self.num_attention_heads = num_attention_heads
self.hidden_act = hidden_act
self.intermediate_size = intermediate_size
self.hidden_dropout_prob = hidden_dropout_prob
self.attention_probs_dropout_prob = attention_probs_dropout_pr¢
self.max_position_embeddings = max_position_embeddings
self.type_vocab_size = type_vocab_size
self.initializer_range = initializer_range

@classmethod
def from_dict(cls, json_object):
"""Constructs a "BertConfig™ from a Python dictionary of parame
config = BertConfig(vocab_size=None)
for (key, value) in six.iteritems(json_object):
config.__dict__ [key] = value
return config

@classmethod
def from_json_file(cls, json_file):
"""Constructs a "BertConfig™ from a json file of parameters.""'
with tf.gfile.GFile(json_file, "r") as reader:
text = reader.read()
return cls.from_dict(json.loads(text))

def to_dict(self):
"""Serializes this instance to a Python dictionary."""
output = copy.deepcopy(self.__dict_ )
return output

def to_json_string(self):
"""Serializes this instance to a JSON string."""
return json.dumps(self.to_dict(), indent=2, sort_keys=True) + '
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class BertModel(object):

""'"BERT model ("Bidirectional Encoder Representations from Transt
Example usage:

" “python
# Already been converted into WordPiece token 1ids
input_ids = tf.constant([[31, 51, 99], [15, 5, 0]])
input_mask = tf.constant([[1, 1, 1], [1, 1, ©]])
token_type_ids = tf.constant([[0, ©, 1], [0, 2, 0]])

config = modeling.BertConfig(vocab_size=32000, hidden_size=512,
num_hidden_layers=8, num_attention_heads=6, intermediate_size=:

model = modeling.BertModel(config=config, is_training=True,
input_ids=input_ids, input_mask=input_mask, token_type_ids=toke

label embeddings = tf.get_variable(...)
pooled_output = model.get_pooled_output()
logits = tf.matmul(pooled_output, label_embeddings)

def __init__ (self,
config,
is_training,
input_ids,
input_mask=None,
token_type_ids=None,
use_one_hot_embeddings=False,
scope=None,
adapter_fn="feedforward_adapter"):

"""Constructor for BertModel.

Args:
config: "BertConfig  instance.
is_training: bool. true for training model, false for eval mc
whether dropout will be applied.
input_ids: int32 Tensor of shape [batch_size, seqg_length].
input_mask: (optional) int32 Tensor of shape [batch_size, se
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token_type_ids: (optional) int32 Tensor of shape [batch_size,
use_one_hot_embeddings: (optional) bool. Whether to use one-t
embeddings or tf.embedding_lookup() for the word embeddings
scope: (optional) variable scope. Defaults to "bert".
adapter_fn: (optional) string identifying trainable adapter f
as input a Tensor and returns a Tensor of the same shape.

Raises:
ValueError: The config is invalid or one of the input tensor
is invalid.
config = copy.deepcopy(config)
if not is_training:
config.hidden_dropout_prob = 0.0
config.attention_probs_dropout_prob = 0.0

input_shape = get_shape_list(input_ids, expected_rank=2)
batch_size = input_shape[0]
seq_length input_shape[1]

if input_mask is None:
input_mask = tf.ones(shape=[batch_size, seq_length], dtype=tf

if token_type_ids is None:
token_type_ids = tf.zeros(shape=[batch_size, seqg_length], dt)

with tf.variable_scope(scope, default_name="bert"):
with tf.variable_scope("embeddings"):

# Perform embedding lookup on the word ids.

(self.embedding_output, self.embedding_table) = embedding_:
input_ids=input_ids,
vocab_size=config.vocab_size,
embedding_size=config.hidden_size,
initializer_range=config.initializer_range,
word_embedding_name="word_embeddings",
use_one_hot_embeddings=use_one_hot_embeddings)

# Add positional embeddings and token type embeddings, ther

# normalize and perform dropout.

self.embedding_output = embedding_postprocessor (
input_tensor=self.embedding_output,
use_token_type=True,

7yl



token_type_ids=token_type_ids,
token_type_vocab_size=config.type_vocab_size,
token_type_embedding_name="token_type_embeddings",
use_position_embeddings=True,
position_embedding_name="position_embeddings",
initializer_range=config.initializer_range,
max_position_embeddings=config.max_position_embeddings,
dropout_prob=config.hidden_dropout_prob)

with tf.variable_scope("encoder"):

# This converts a 2D mask of shape [batch_size, seqg_length’

# mask of shape [batch_size, seq_length, seq_length] which

# for the attention scores.

attention_mask = create_attention_mask_from_input_mask(
input_ids, input_mask)

# Run the stacked transformer.

# ~seguence_output® shape = [batch_size, seq_length, hidder

self.all encoder_layers = transformer_model(
input_tensor=self.embedding_output,
attention_mask=attention_mask,
hidden_size=config.hidden_size,
num_hidden_layers=config.num_hidden_layers,
num_attention_heads=config.num_attention_heads,
intermediate_size=config.intermediate_size,
intermediate_act_fn=get_activation(config.hidden_act),
hidden_dropout_prob=config.hidden_dropout_prob,
attention_probs_dropout_prob=config.attention_probs_dr«
initializer_range=config.initializer_range,
do_return_all_layers=True,
adapter_fn=get_adapter(adapter_fn))

self.sequence_output = self.all encoder_layers[-1]

#
#
#
#
#

The "pooler" converts the encoded sequence tensor of shape
[batch_size, seq_length, hidden_size] to a tensor of shape
[batch_size, hidden_size]. This is necessary for segment-le
(or segment-pair-level) classification tasks where we need
dimensional representation of the segment.

with tf.variable_scope('"pooler"):

# We "pool" the model by simply taking the hidden state col
# to the first token. We assume that this has been pre-tra:
first_token_tensor = tf.squeeze(self.sequence_output[:, 0::
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self.pooled_output = tf.layers.dense(
first_token_tensor,
config.hidden_size,
activation=tf.tanh,
kernel_initializer=create_initializer(config.initialize

def get_pooled_output(self):
return self.pooled_output

def get_sequence_output(self):
"""Gets final hidden layer of encoder.

Returns:
float Tensor of shape [batch_size, seq_length, hidden_size] «
to the final hidden of the transformer encoder.

return self.sequence_output

def get_all_encoder_layers(self):
return self.all encoder_layers

def get_embedding_output(self):
"""Gets output of the embedding lookup (i.e., input to the trar

Returns:
float Tensor of shape [batch_size, seq_length, hidden_size] «
to the output of the embedding layer, after summing the word
embeddings with the positional embeddings and the token type
then performing layer normalization. This is the input to the

return self.embedding_output
def get_embedding_table(self):
return self.embedding_table

def gelu(x):

"""Gaussian Error Linear Unit.

This is a smoother version of the RELU.
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Original paper: https://arxiv.org/abs/1606.08415
Args:
x: float Tensor to perform activation.

Returns:
"X with the GELU activation applied.
cdf = 0.5 * (1.0 + tf.tanh(
(np.sqrt(2 / np.pi) * (x + 0.044715 * tf.pow(x, 3)))))
return x * cdf

def get_activation(activation_string):

"""Maps a string to a Python function, e.g., "relu" => “tf.nn.re.

Args:
activation_string: String name of the activation function.

Returns:
A Python function corresponding to the activation function. If
‘activation_string® 1is None, empty, or "linear", this will rett
If "activation_string ™ is not a string, it will return "activai

Raises:
ValueError: The “activation_string” does not correspond to a kr
activation.

# We assume that anything that"s not a string is already an actiy
# function, so we just return it.
if not isinstance(activation_string, six.string_types):

return activation_string

if not activation_string:
return None

act = activation_string.lower ()

if act == "linear":
return None
elif act == "relu":

return tf.nn.relu
elif act == "gelu":
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return gelu
elif act == "tanh":
return tf.tanh
else:
raise ValueError("Unsupported activation: %s" % act)

def feedforward_adapter(input_tensor, hidden_size=64, init_scale=1¢

""YA feedforward adapter layer with a bottleneck.

Implements a bottleneck layer with a user-specified nonlinearity
identity residual connection. All variables created are added to
"adapters" collection.

Args:
input_tensor: input Tensor of shape [batch size, hidden dimens:
hidden_size: dimension of the bottleneck layer.
init_scale: Scale of the initialization distribution used for v

Returns:
Tensor of the same shape as Xx.
with tf.variable_scope("adapters"):
in_size = input_tensor.get_shape().as_list()[1]
wl = tf.get_variable(
"weights1", [in_size, hidden_size],
initializer=tf.truncated_normal_initializer(stddev=init_scse
collections=["adapters", tf.GraphKeys.GLOBAL_VARIABLES])
bl = tf.get_variable(
"biasesl1l", [1, hidden_size],
initializer=tf.zeros_initializer(),
collections=["adapters", tf.GraphKeys.GLOBAL_VARIABLES])
net = tf.tensordot(input_tensor, wi, [[1], [©0]]) + b1

net = gelu(net)

w2 = tf.get_variable(
"weights2", [hidden_size, in_size],
initializer=tf.truncated_normal_initializer(stddev=init_sce
collections=["adapters", tf.GraphKeys.GLOBAL_VARIABLES])
b2 = tf.get_variable(
"biases2", [1, in_size],
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initializer=tf.zeros_initializer(),
collections=["adapters", tf.GraphKeys.GLOBAL_VARIABLES])
net = tf.tensordot(net, w2, [[1], [0]]) + b2

return net + input_tensor

def get_adapter(function_string):
"""Maps a string to a Python function.

Args:
function_string: String name of the adapter function.

Returns:
A Python function corresponding to the adatper function.
“function_string® is None or empty, will return None.
If “function_string® is not a string, it will return “function_

Raises:
ValueError: The “function_string does not correspond to a knov
adapter.

# We assume that anything that"s not a string is already an adapi
# function, so we just return it.
if not isinstance(function_string, six.string_types):

return function_string

if not function_string:
return None

fn = function_string.lower ()

if fn == "feedforward_adapter":
return feedforward_adapter
else:

raise ValueError("Unsupported adapters: %s" % fn)

def get_assignment_map_from_checkpoint(tvars, init_checkpoint):
"""Compute the union of the current variables and checkpoint var:
assignment_map = {}
initialized_variable_names = {}
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name_to_variable = collections.OrderedDict()
for var in tvars:
name = var.name
m = re.match("A(.*):\\d+$", name)
if m is not None:
name = m.group(1)
name_to_variable[name] = var

init_vars = tf.train.list_variables(init_checkpoint)

assignment_map = collections.OrderedDict()
for x in init_vars:
(name, var) = (x[0], x[1])
if name not in name_to_variable:
continue
assignment_map[name] = name
initialized_variable_names[name] = 1
initialized_variable_names[name + ":0"] = 1

return (assignment_map, initialized_variable_names)

def dropout(input_tensor, dropout_prob):
"""perform dropout.

Args:
input_tensor: float Tensor.
dropout_prob: Python float. The probability of dropping out a
*keeping* a dimension as in "tf.nn.dropout’).

Returns:
A version of “input_tensor® with dropout applied.

if dropout_prob is None or dropout_prob == 0.0:
return input_tensor

output = tf.nn.dropout(input_tensor, 1.0 - dropout_prob)
return output

def layer_norm(input_tensor, name=None):



"""Run layer normalization on the last dimension of the tensor."
return tf.contrib.layers.layer_norm(
inputs=input_tensor, begin_norm_axis=-1, begin_params_axis=-:
variables_collections=["layer_norm", tf.GraphKeys.GLOBAL_VAR:

def layer_norm_and_dropout(input_tensor, dropout_prob, name=None):
"""Runs layer normalization followed by dropout."""
output_tensor layer_norm(input_tensor, name)
output_tensor dropout(output_tensor, dropout_prob)
return output_tensor

def create_initializer(initializer_range=0.02):
"""Creates a “truncated_normal_initializer  with the given range
return tf.truncated_normal_initializer(stddev=initializer_range)

def embedding_lookup(input_ids,
vocab_size,
embedding_size=128,
initializer_range=0.02,
word_embedding_name="word_embeddings",
use_one_hot_embeddings=False):
""" ooks up words embeddings for id tensor.

Args:

input_ids: int32 Tensor of shape [batch_size, seq_length] cont:
ids.

vocab_size: int. Size of the embedding vocabulary.

embedding_size: int. Width of the word embeddings.

initializer_range: float. Embedding initialization range.

word_embedding_name: string. Name of the embedding table.

use_one_hot_embeddings: bool. If True, use one-hot method for v
embeddings. If False, use “tf.gather() .

Returns:

float Tensor of shape [batch_size, seq_length, embedding_size].
# This function assumes that the input is of shape [batch_size, ¢
# num_inputs].
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#
# If the input is a 2D tensor of shape [batch_size, seq_length],
# reshape to [batch_size, seqg_length, 1].
if input_ids.shape.ndims ==
input_ids = tf.expand_dims(input_ids, axis=[-1])

embedding_table = tf.get_variable(
name=word_embedding_name,
shape=[vocab_size, embedding_size],
initializer=create_initializer(initializer_range))

flat_input_ids = tf.reshape(input_ids, [-1])

if use_one_hot_embeddings:
one_hot_input_ids = tf.one_hot(flat_input_ids, depth=vocab_siz¢
output = tf.matmul(one_hot_input_ids, embedding_table)

else:
output = tf.gather(embedding_table, flat_input_ids)

input_shape = get_shape_list(input_ids)
output = tf.reshape(output,

input_shape[0:-1] + [input_shape[-1] * embedc
return (output, embedding_table)

def embedding_postprocessor(input_tensor,

use_token_type=False,
token_type_ids=None,
token_type_vocab_size=16,
token_type_embedding_name="token_type_c¢
use_position_embeddings=True,
position_embedding_name="position_embe
initializer_range=0.02,
max_position_embeddings=512,
dropout_prob=0.1):

"""pPerforms various post-processing on a word embedding tensor.

Args:
input_tensor: float Tensor of shape [batch_size, seq_length,
embedding_size].
use_token_type: bool. Whether to add embeddings for ~token_type
token_type_ids: (optional) int32 Tensor of shape [batch_size, ¢
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Must be specified if “use_token_type  is True.
token_type_vocab_size: int. The vocabulary size of "token_type._
token_type_embedding_name: string. The name of the embedding te

for token type ids.
use_position_embeddings: bool. Whether to add position embeddir

position of each token in the sequence.
position_embedding_name: string. The name of the embedding tab:
for positional embeddings.
initializer_range: float. Range of the weight initialization.
max_position_embeddings: int. Maximum sequence length that migt

used with this model. This can be longer than the sequence 1l

input_tensor, but cannot be shorter.
dropout_prob: float. Dropout probability applied to the final «

Returns:
float tensor with same shape as “input_tensor .

Raises:

ValueError: One of the tensor shapes or input values is invalic
input_shape = get_shape_list(input_tensor, expected_rank=3)
batch_size = input_shape[0]
seg_length = input_shape[1]
width = input_shape[2]

output = input_tensor

if use_token_type:
if token_type_ids is None:
raise ValueError (" token_type_ids  must be specified if"
"“use_token_type® is True.")

token_type_table = tf.get_variable(
name=token_type_embedding_name,
shape=[token_type_vocab_size, width],
initializer=create_initializer(initializer_range))

# This vocab will be small so we always do one-hot here, since

# faster for a small vocabulary.

flat_token_type_ids = tf.reshape(token_type_ids, [-1])

one_hot_ids = tf.one_hot(flat_token_type_ids, depth=token_type.
tf.matmul(one_hot_ids, token_type_table

token_type_embeddings

token_type_embeddings tf.reshape(token_type_embeddings,

[batch_size, seq_length, wic
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output += token_type_embeddings

if use_position_embeddings:
assert_op = tf.assert_less_equal(seq_length, max_position_embec
with tf.control_dependencies([assert_op]):
full position_embeddings = tf.get_variable(
name=position_embedding_name,
shape=[max_position_embeddings, width],
initializer=create_initializer(initializer_range))
Since the position embedding table is a learned variable, v
using a (long) sequence length "max_position_embeddings . -~
sequence length might be shorter than this, for faster tra:
tasks that do not have long sequences.

So "full position_embeddings”™ 1s effectively an embedding 1

for position [0, 1, 2, ..., max_position_embeddings-1], anc

sequence has positions [0, 1, 2, ... seg_length-1], so we ¢

perform a slice.

position_embeddings = tf.slice(full_position_embeddings, [0,
[seq_length, -1])

num_dims = len(output.shape.as_list())

H OH OH OH OH O H H H

# Only the last two dimensions are relevant ( seg_length™ anc

# we broadcast among the first dimensions, which is typically

# the batch size.

position_broadcast_shape = []

for _ in range(num_dims - 2):
position_broadcast_shape.append(1)

position_broadcast_shape.extend([seq_length, width])

position_embeddings = tf.reshape(position_embeddings,

position_broadcast_shape)
output += position_embeddings

output = layer_norm_and_dropout(output, dropout_prob)
return output

def create_attention_mask_from_input_mask(from_tensor, to_mask):
""'"Create 3D attention mask from a 2D tensor mask.

Args:
from_tensor: 2D or 3D Tensor of shape [batch_size, from_seq_ler
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to_mask: int32 Tensor of shape [batch_size, to_seqg_length].

Returns:
float Tensor of shape [batch_size, from_seq_length, to_seq_lenc

from_shape get_shape_list(from_tensor, expected_rank=[2, 3])
batch_size from_shape[0]
from_seq_length = from_shape[1]

to_shape = get_shape_list(to_mask, expected_rank=2)
to_seq_length = to_shape[1]

to_mask = tf.cast(
tf.reshape(to_mask, [batch_size, 1, to_seqg_length]), tf.floai

# We don't assume that “from_tensor”™ is a mask (although it coulc
# don't actually care if we attend *from* padding tokens (only *i
# tokens so we create a tensor of all ones.
#
#

"broadcast_ones™ = [batch_size, from_seq_length, 1]
broadcast_ones = tf.ones(

shape=[batch_size, from_seq_length, 1], dtype=tf.float32)

# Here we broadcast along two dimensions to create the mask.
mask = broadcast_ones * to_mask

return mask

def attention_layer(from_tensor,

to_tensor,
attention_mask=None,
num_attention_heads=1,
size_per_head=512,
query_act=None,
key_act=None,
value_act=None,
attention_probs_dropout_prob=0.0,
initializer_range=0.02,
do_return_2d_tensor=False,
batch_size=None,
from_seq_length=None,
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to_seq_length=None):
"""Performs multi-headed attention from “from_tensor ™ to “to_tens

This is an implementation of multi-headed attention based on "Ati
is all you Need". If “from_tensor  and "to_tensor  are the same,
this is self-attention. Each timestep in “from_tensor  attends t«
corresponding sequence in "to_tensor , and returns a fixed-with \

This function first projects "from_tensor  into a '"query'" tensor
"to_tensor” into "key" and "value" tensors. These are (effective.
of tensors of length “num_attention_heads”, where each tensor is
[batch_size, seq_length, size_per_head].

Then, the query and key tensors are dot-producted and scaled. The
softmaxed to obtain attention probabilities. The value tensors ai
interpolated by these probabilities, then concatenated back to a
tensor and returned.

In practice, the multi-headed attention are done with transposes
reshapes rather than actual separate tensors.

Args:

from_tensor: float Tensor of shape [batch_size, from_seq_lengtt
from_width].

to_tensor: float Tensor of shape [batch_size, to_seqg_length, t«

attention_mask: (optional) int32 Tensor of shape [batch_size,
from_seqg_length, to_seq_length]. The values should be 1 or 0
attention scores will effectively be set to -infinity for any
the mask that are 0, and will be unchanged for positions thai

num_attention_heads: int. Number of attention heads.

size_per_head: int. Size of each attention head.

query_act: (optional) Activation function for the query transf

key_act: (optional) Activation function for the key transform.

value_act: (optional) Activation function for the value transf

attention_probs_dropout_prob: (optional) float. Dropout probab:
attention probabilities.

initializer_range: float. Range of the weight initializer.

do_return_2d_tensor: bool. If True, the output will be of shape
* from_seq_length, num_attention_heads * size per_head]. If |
output will be of shape [batch_size, from_seq_length, num_att
* size_per_head].

batch_size: (Optional) int. If the input is 2D, this might be {
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of the 3D version of the “from_tensor ™ and “to_tensor .
from_seq_length: (Optional) If the input is 2D, this might be 1
of the 3D version of the “from_tensor .
to_seq_length: (Optional) If the input is 2D, this might be the
of the 3D version of the “to_tensor’.

Returns:
float Tensor of shape [batch_size, from_seq_length,
num_attention_heads * size_per_head]. (If “do_return_2d_tensc
true, this will be of shape [batch_size * from_seqg_length,
num_attention_heads * size_per_head]).

Raises:
ValueError: Any of the arguments or tensor shapes are invalid.

mmn

def transpose_for_scores(input_tensor, batch_size, num_attention_
seg_length, width):
output_tensor = tf.reshape(
input_tensor, [batch_size, seqg_length, num_attention_heads,

output_tensor = tf.transpose(output_tensor, [0, 2, 1, 3])
return output_tensor

from_shape = get_shape_list(from_tensor, expected_rank=[2, 3])
to_shape = get_shape_list(to_tensor, expected_rank=[2, 3])

if len(from_shape) != len(to_shape):
raise ValueError(
"The rank of “from_tensor ™ must match the rank of "“to_tenst

if len(from_shape) ==
batch_size = from_shape[0]
from_seq_length = from_shape[1]
to_seq_length = to_shape[1]
elif len(from_shape) == 2:
if (batch_size is None or from_seg_length is None or to_seq_ler
raise ValueError(
"When passing in rank 2 tensors to attention_layer, the \
"for “batch_size , “from_seqg_length’, and "to_seqg_length
"must all be specified.")
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# Scalar dimensions referenced here:

# B = batch size (number of sequences)
# F = “from_tensor’ sequence length

# T = "to_tensor  sequence length

# N = “num_attention_heads"

# H = “size_per_head"’

from_tensor_2d = reshape_to_matrix(from_tensor)
to_tensor_2d = reshape_to_matrix(to_tensor)

# “query_layer = [B*F, N*H]

guery_layer = tf.layers.dense(
from_tensor_2d,
num_attention_heads * size_per_head,
activation=query_act,
name="query",
kernel_initializer=create_initializer(initializer_range))

# “key_layer = [B*T, N*H]
key layer = tf.layers.dense(
to_tensor_2d,
num_attention_heads * size_per_head,
activation=key_act,
name="key",
kernel_initializer=create_initializer(initializer_range))

# “value_layer = [B*T, N*H]

value_layer = tf.layers.dense(
to_tensor_2d,
num_attention_heads * size_per_head,
activation=value_act,
name="value",
kernel_initializer=create_initializer(initializer_range))

# “query_layer = [B, N, F, H]

query_layer = transpose_for_scores(query_layer, batch_size,
num_attention_heads, from_seq.
size_per_head)

# “key_layer = [B, N, T, H]

key_layer = transpose_for_scores(key_layer, batch_size, num_atter
to_seq_length, size_per_head)
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# Take the dot product between "query" and "key" to get the raw
# attention scores.
# "attention_scores® = [B, N, F, T]
attention_scores = tf.matmul(query_layer, key_layer, transpose_b:-
attention_scores = tf.multiply(attention_scores,

1.0 / math.sqrt(float(size_per_he:

if attention_mask is not None:
# "attention_mask® = [B, 1, F, T]
attention_mask = tf.expand_dims(attention_mask, axis=[1])

# Since attention_mask is 1.0 for positions we want to attend ¢
# masked positions, this operation will create a tensor which :
# positions we want to attend and -10000.0 for masked position:
adder = (1.0 - tf.cast(attention_mask, tf.float32)) * -10000.0

# Since we are adding it to the raw scores before the softmax,
# effectively the same as removing these entirely.
attention_scores += adder

# Normalize the attention scores to probabilities.
# "attention_probs® = [B, N, F, T]
attention_probs = tf.nn.softmax(attention_scores)

# This is actually dropping out entire tokens to attend to, whicl
# seem a bit unusual, but is taken from the original Transformer
attention_probs dropout (attention_probs, attention_probs_dropot

# “value_layer = [B, T, N, H]
value_layer = tf.reshape(
value_layer,
[batch_size, to_seq_length, num_attention_heads, size_per_hes

# “value_layer’ = [B, N, T, H]
value_layer = tf.transpose(value_layer, [0, 2, 1, 3])

# “context_layer® = [B, N, F, H]
context_layer = tf.matmul(attention_probs, value_layer)

# “context_layer = [B, F, N, H]
context_layer = tf.transpose(context_layer, [0, 2, 1, 3])
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if do_return_2d_tensor:
# “context_layer = [B*F, N*H]
context_layer = tf.reshape(
context_layer,
[batch_size * from_seq_length, num_attention_heads * size_j
else:
# “context_layer = [B, F, N*H]
context_layer = tf.reshape(
context_layer,
[batch_size, from_seqg_length, num_attention_heads * size_pe

return context_layer

def transformer_model(input_tensor,
attention_mask=None,
hidden_size=768,
num_hidden_layers=12,
num_attention_heads=12,
intermediate_size=3072,
intermediate_act_fn=gelu,
hidden_dropout_prob=0.1,
attention_probs_dropout_prob=0.1,
initializer_range=0.02,
do_return_all_layers=False,
adapter_fn=None):

"""Multi-headed, multi-layer Transformer from "Attention is All

This is almost an exact implementation of the original Transforme

See the original paper:
https://arxiv.org/abs/1706.03762

Also see:
https://github.com/tensorflow/tensor2tensor/blob/master/tensor2te

Args:
input_tensor: float Tensor of shape [batch_size, seq_length, h:
attention_mask: (optional) int32 Tensor of shape [batch_size, ¢
seqg_length], with 1 for positions that can be attended to antc
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positions that should not be.
hidden_size: int. Hidden size of the Transformer.
num_hidden_layers: int. Number of layers (blocks) in the Transi
num_attention_heads: int. Number of attention heads in the Trar
intermediate_size: int. The size of the "intermediate" (a.k.a.,
forward) layer.
intermediate_act_fn: function. The non-linear activation funct:
to the output of the intermediate/feed-forward layer.
hidden_dropout_prob: float. Dropout probability for the hidden
attention_probs_dropout_prob: float. Dropout probability of the

probabilities.

initializer_range: float. Range of the initializer (stddev of f
normal).

do_return_all _layers: Whether to also return all layers or just
layer.

adapter_fn: (optional) trainable adapter function that takes a:
Tensor and returns a Tensor of the same shape.

Returns:
float Tensor of shape [batch_size, seq_length, hidden_size], tt
hidden layer of the Transformer.

Raises:
ValueError: A Tensor shape or parameter is invalid.
nun
if hidden_size % num_attention_heads != 0:
raise ValueError(
"The hidden size (%d) is not a multiple of the number of ai
"heads (%d)" % (hidden_size, num_attention_heads))

attention_head_size = int(hidden_size / num_attention_heads)
input_shape = get_shape_list(input_tensor, expected_rank=3)
batch_size = input_shape[0]
seq_length = input_shape[1]
input_width = input_shape[2]

# The Transformer performs sum residuals on all layers so the inj
# to be the same as the hidden size.
if input_width != hidden_size:
raise ValueError("The width of the input tensor (%d) !'= hidden
(input_width, hidden_size))
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# We keep the representation as a 2D tensor to avoid re-shaping :
# forth from a 3D tensor to a 2D tensor. Re-shapes are normally 1
# the GPU/CPU but may not be free on the TPU, so we want to minir
# help the optimizer.

prev_output = reshape_to_matrix(input_tensor)

all layer_outputs = []
for layer_idx in range(num_hidden_layers):
with tf.variable_scope("layer_%d" % layer_idx):
layer_input = prev_output

with tf.variable_scope("attention"):
attention_heads = []
with tf.variable_scope("self"):
attention_head = attention_layer(
from_tensor=layer_input,
to_tensor=layer_input,
attention_mask=attention_mask,
num_attention_heads=num_attention_heads,
size_per_head=attention_head_size,
attention_probs_dropout_prob=attention_probs_dropout.
initializer_range=initializer_range,
do_return_2d_tensor=True,
batch_size=batch_size,
from_seq_length=seq_length,
to_seq_length=seq_length)
attention_heads.append(attention_head)

attention_output = None

if len(attention_heads) ==
attention_output = attention_heads[0]

else:
# In the case where we have other sequences, we just conc
# them to the self-attention head before the projection.
attention_output = tf.concat(attention_heads, axis=-1)

# Run a linear projection of “hidden_size” then add a resic
# with “layer_input .
with tf.variable_scope("output"):
attention_output = tf.layers.dense(
attention_output,
hidden_size,
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kernel_initializer=create_initializer(initializer_rar
attention_output = dropout(attention_output, hidden_dropc
if adapter_fn:
attention_output = adapter_fn(attention_output)
attention_output = layer_norm(attention_output + layer_ir

# The activation 1is only applied to the "intermediate" hidder
with tf.variable_scope("intermediate"):
intermediate_output = tf.layers.dense(
attention_output,
intermediate_size,
activation=intermediate_act_fn,
kernel_initializer=create_initializer(initializer_range

# Down-project back to "hidden_size” then add the residual.
with tf.variable_scope("output"):
layer_output = tf.layers.dense(
intermediate_output,
hidden_size,
kernel_initializer=create_initializer(initializer_range
layer_output = dropout(layer_output, hidden_dropout_prob)
if adapter_fn:
layer_output = adapter_fn(layer_output)
layer_output = layer_norm(layer_output + attention_output)
prev_output = layer_output
all layer_outputs.append(layer_output)

if do_return_all_layers:
final_outputs = []
for layer_output in all_layer_outputs:
final_output = reshape_from_matrix(layer_output, input_shape’
final outputs.append(final_output)
return final_outputs
else:
final_output = reshape_from_matrix(prev_output, input_shape)
return final_output

def get_shape_list(tensor, expected_rank=None, name=None):
"""Returns a list of the shape of tensor, preferring static dimer

Args:



tensor: A tf.Tensor object to find the shape of.

expected_rank: (optional) int. The expected rank of “tensor’.
specified and the “tensor  has a different rank, and exceptic
thrown.

name: Optional name of the tensor for the error message.

Returns:
A list of dimensions of the shape of tensor. All static dimens:
be returned as python integers, and dynamic dimensions will be
as tf.Tensor scalars.

nun

if name is None:
name = tensor.name

if expected_rank is not None:
assert_rank(tensor, expected_rank, name)

shape = tensor.shape.as_list()

non_static_indexes = []
for (index, dim) in enumerate(shape):
if dim is None:
non_static_indexes.append(index)

if not non_static_indexes:
return shape

dyn_shape = tf.shape(tensor)

for index in non_static_indexes:
shape[index] = dyn_shape[index]

return shape

def reshape_to_matrix(input_tensor):
""'"Reshapes a >= rank 2 tensor to a rank 2 tensor (i.e., a matri>
ndims = input_tensor.shape.ndims
if ndims < 2:
raise ValueError("Input tensor must have at least rank 2. Shape
(input_tensor.shape))
if ndims ==
return input_tensor



width = input_tensor.shape[-1]
output_tensor = tf.reshape(input_tensor, [-1, width])
return output_tensor

def reshape_from_matrix(output_tensor, orig_shape_list):
"""Reshapes a rank 2 tensor back to its original rank >= 2 tensol
if len(orig_shape_list) == 2:
return output_tensor

output_shape = get_shape_list(output_tensor)

orig_dims = orig_shape_list[0:-1]
width = output_shape[-1]

return tf.reshape(output_tensor, orig_dims + [width])

def assert_rank(tensor, expected_rank, name=None):
"""Raises an exception if the tensor rank is not of the expected

Args:
tensor: A tf.Tensor to check the rank of.
expected_rank: Python integer or list of integers, expected rar
name: Optional name of the tensor for the error message.

Raises:

ValueError: If the expected shape doesn't match the actual shaj
mmn
if name is None:

name = tensor.name

expected_rank_dict = {}
if isinstance(expected_rank, six.integer_types):
expected_rank_dict[expected_rank] = True
else:
for x in expected_rank:
expected_rank_dict[x] = True

actual _rank = tensor.shape.ndims
if actual_rank not in expected_rank_dict:
scope_name = tf.get_variable_scope().name
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raise ValueError(
"For the tensor "%s° in scope %s°, the actual rank "
""%d" (shape = %s) is not equal to the expected rank “%s™"
(name, scope_name, actual_rank, str(tensor.shape), str(expe

modeling_test.py

#
#
#
#
#
#
#
#
#
#
#
#
#
#

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, softws
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
See the License for the specific language governing permissions ¢
limitations under the License.

from _ future__ import absolute_import
from __ future__ import division

from __future__ import print_function

import collections

import json
import random
import re

import modeling

import six

import tensorflow as tf

class BertModelTest(tf.test.TestCase):

class BertModelTester(object):

def __init__ (self,
parent,
batch_size=13,
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seqg_length=7,
is_training=True,
use_input_mask=True,
use_token_type_ids=True,
vocab_size=99,
hidden_size=32,
num_hidden_layers=5,
num_attention_heads=4,
intermediate_size=37,
hidden_act="gelu",
hidden_dropout_prob=0.1,
attention_probs_dropout_prob=0.1,
max_position_embeddings=512,
type_vocab_size=16,
initializer_range=0.02,
scope=None):
self.parent = parent
self.batch_size = batch_size
self.seq_length = seq_length
self.is_training = is_training
self.use_input_mask = use_input_mask
self.use_token_type_ids = use_token_type_ids
self.vocab_size = vocab_size
self.hidden_size = hidden_size
self.num_hidden_layers = num_hidden_layers
self.num_attention_heads = num_attention_heads
self.intermediate_size = intermediate_size
self.hidden_act = hidden_act
self.hidden_dropout_prob = hidden_dropout_prob

self.attention_probs_dropout_prob = attention_probs_dropout_j

self.max_position_embeddings = max_position_embeddings
self.type_vocab_size = type_vocab_size
self.initializer_range = initializer_range

self.scope = scope

def create_model(self):
input_ids = BertModelTest.ids_tensor([self.batch_size,
self.vocab_size)

input_mask = None
if self.use_input_mask:
input_mask = BertModelTest.ids_tensor(

self.:
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[self.batch_size, self.seq_length], vocab_size=2)

token_type_ids = None
if self.use_token_type_ids:
token_type_ids = BertModelTest.ids_tensor(
[self.batch_size, self.seq_length], self.type_vocab_si:

config = modeling.BertConfig(
vocab_size=self.vocab_size,
hidden_size=self.hidden_size,
num_hidden_layers=self.num_hidden_layers,
num_attention_heads=self.num_attention_heads,
intermediate_size=self.intermediate_size,
hidden_act=self.hidden_act,
hidden_dropout_prob=self.hidden_dropout_prob,
attention_probs_dropout_prob=self.attention_probs_dropoui
max_position_embeddings=self.max_position_embeddings,
type_vocab_size=self.type_vocab_size,
initializer_range=self.initializer_range)

model = modeling.BertModel(
config=config,
is_training=self.is_training,
input_ids=input_ids,
input_mask=input_mask,
token_type_ids=token_type_ids,
scope=self.scope)

outputs = {
"embedding_output": model.get_embedding_output(),
"sequence_output": model.get_sequence_output(),
"pooled_output": model.get_pooled_output(),
"all encoder_layers": model.get_all _encoder_layers(),

}

return outputs

def check_output(self, result):
self.parent.assertAllEqual(
result["embedding_output"].shape,
[self.batch_size, self.seq_length, self.hidden_size])

self.parent.assertAllEqual(
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result["sequence_output"].shape,
[self.batch_size, self.seq_length, self.hidden_size])

self.parent.assertAllEqual(result["pooled_output"].shape,
[self.batch_size, self.hidden_size

def test_default(self):
self.run_tester(BertModelTest.BertModelTester (self))

def test_config_to_json_string(self):
config = modeling.BertConfig(vocab_size=99, hidden_size=37)
obj = json.loads(config.to_json_string())
self.assertEqual(obj["vocab_size"], 99)
self.assertEqual(obj["hidden_size"], 37)

def run_tester(self, tester):
with self.test_session() as sess:

ops = tester.create_model()

init_op = tf.group(tf.global_variables_initializer(),
tf.local_variables_initializer())

sess.run(init_op)

output_result = sess.run(ops)

tester.check_output(output_result)

self.assert_all tensors_reachable(sess, [init_op, ops])

@classmethod
def ids_tensor(cls, shape, vocab_size, rng=None, name=None):
"""Creates a random int32 tensor of the shape within the vocab
if rng is None:
rng = random.Random()

total dims = 1
for dim in shape:
total_dims *= dim

values = []
for _ in range(total_dims):

values.append(rng.randint (0, vocab_size - 1))

return tf.constant(value=values, dtype=tf.int32, shape=shape, 1



def assert_all_tensors_reachable(self, sess, outputs):
"""Checks that all the tensors in the graph are reachable from
graph = sess.graph

ignore_strings = [
"A,*/assert_less_equal/.*$",
"A,*/dilation_rate$",
"A.*/Tensordot/concat$",
"A,*/Tensordot/concat/axis$",
"Atesting/.*$",

ignore_regexes = [re.compile(x) for x in ignore_strings]

unreachable = self.get_unreachable_ops(graph, outputs)
filtered_unreachable = []
for x in unreachable:
do_ignore = False
for r in ignore_regexes:
m = r.match(x.name)
if m is not None:
do_ignore = True
if do_ignore:
continue
filtered_unreachable.append(x)
unreachable = filtered_unreachable

self.assertEqual(
len(unreachable), 0, "The following ops are unreachable: %:
(" ".join([x.name for x in unreachable])))

@classmethod
def get_unreachable_ops(cls, graph, outputs):
"""Finds all of the tensors in graph that are unreachable from
outputs = cls.flatten_recursive(outputs)
output_to_op = collections.defaultdict(list)
op_to_all = collections.defaultdict(list)
assign_out_to_in = collections.defaultdict(list)

for op in graph.get_operations():
for x in op.inputs:
op_to_all[op.name].append(X.name)
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for y in op.outputs:
output_to_op[y.name].append(op.name)
op_to_all[op.name].append(y.name)
if str(op.type) == "Assign":
for y in op.outputs:
for x in op.inputs:
assign_out_to_in[y.name].append(x.name)

assign_groups = collections.defaultdict(list)
for out_name in assign_out_to_in.keys():
name_group = assign_out_to_in[out_name]
for nl in name_group:
assign_groups[nl].append(out_name)
for n2 in name_group:
if n1 = n2:
assign_groups[nl].append(n2)

seen_tensors = {}
stack = [x.name for x in outputs]
while stack:
name = stack.pop()
if name in seen_tensors:
continue
seen_tensors[name] = True

if name in output_to_op:
for op_name in output_to_op[name]:
if op_name in op_to_all:
for input_name in op_to_all[op_name]:
if input_name not in stack:
stack.append(input_name)

expanded_names = []
if name in assign_groups:
for assign_name in assign_groups[name]:
expanded_names.append(assign_name)

for expanded_name in expanded_names:
if expanded_name not in stack:

stack.append(expanded_name)

unreachable_ops = []

68



for op in graph.get_operations():
is_unreachable = False
all names = [x.name for x in op.inputs] + [x.name for X in of
for name in all_names:
if name not in seen_tensors:
is_unreachable = True
if is_unreachable:
unreachable_ops.append(op)
return unreachable_ops

@classmethod
def flatten_recursive(cls, item):
"""Flattens (potentially nested) a tuple/dictionary/list to a -
output = []
if isinstance(item, list):
output.extend(item)
elif isinstance(item, tuple):
output.extend(list(item))
elif isinstance(item, dict):
for (_, v) in six.iteritems(item):
output.append(v)
else:
return [item]

flat_output = []

for x in output:
flat_output.extend(cls.flatten_recursive(x))

return flat_output

if __name__ == "__main__ ":
tf.test.main()

optimazation.py

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

you may not use this file except in compliance with the License.

#
#
#
# Licensed under the Apache License, Version 2.0 (the "License");
#
# You may obtain a copy of the License at

#
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http://www.apache.org/licenses/LICENSE-2.0

#

#

# Unless required by applicable law or agreed to in writing, softwe
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
# See the License for the specific language governing permissions ¢
# limitations under the License.

"""Functions and classes related to optimization (weight updates).

from __ _future__ import absolute_import
from __ future__ import division
from __ future__ import print_function

import re
import tensorflow as tf

def create_optimizer(loss, init_lr, num_train_steps, num_warmup_ste
"""Creates an optimizer training op."""
global_step = tf.train.get_or_create_global_step()

learning_rate = tf.constant(value=init_1r, shape=[], dtype=tf.flc

# Implements linear decay of the learning rate.
learning_rate = tf.train.polynomial_decay/(

learning_rate,

global_step,

num_train_steps,

end_learning_rate=0.0,

power=1.0,

cycle=False)

# Implements linear warmup. I.e., if global_step < num_warmup_ste
# learning rate will be “global_step/num_warmup_steps * init_1lr .
if num_warmup_steps:
global_steps_int
warmup_steps_int

tf.cast(global_step, tf.int32)
tf.constant (num_warmup_steps, dtype=tf.int3:

global_steps_float
warmup_steps_float

tf.cast(global_steps_int, tf.float32)
tf.cast(warmup_steps_int, tf.float32)

warmup_percent_done = global_steps_float / warmup_steps_float
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warmup_learning_rate = init_lr * warmup_percent_done

is_warmup = tf.cast(global_steps_int < warmup_steps_int, tf.flc
learning_rate = (
(1.0 - is_warmup) * learning_rate + is_warmup * warmup_leai

# It is recommended that you use this optimizer for fine tuning,
# is how the model was trained (note that the Adam m/v variables
# loaded from init_checkpoint.)
optimizer = AdamWeightDecayOptimizer(

learning_rate=learning_rate,

weight_decay_rate=0.01,

adapter_weight_decay_rate=0.01,

beta_1=0.9,

beta_2=0.999,

epsilon=1e-6,

exclude_from_weight_decay=["LayerNorm", "layer_norm", "bias'"’

if use_tpu:
optimizer = tf.contrib.tpu.CrossShardOptimizer (optimizer)

tvars = []

for collection in ["adapters", "layer_norm", "head"]:
tvars += tf.get_collection(collection)

grads = tf.gradients(loss, tvars)

# This is how the model was pre-trained.
(grads, _) = tf.clip_by_global _norm(grads, clip_norm=1.0)

train_op = optimizer.apply_gradients(
zip(grads, tvars), global_step=global_step)

# Normally the global step update is done inside of “apply_gradie
# However, “AdamwWeightDecayOptimizer  doesn't do this. But if yot
# a different optimizer, you should probably take this line out.
new_global_step = global_step + 1

train_op = tf.group(train_op, [global_step.assign(new_global_stej
return train_op

class AdamwWeightDecayOptimizer (tf.train.Optimizer):
"""A basic Adam optimizer that includes '"correct" L2 weight deca)



def

nmn IIC
supe

self.
self.
self.
self.
self.
self.
self.
self.

def ap
nn "S
assi

for
if

pa

init__ (self,
learning_rate,
weight_decay_rate=0.0,
adapter_weight_decay_rate=0.0,
beta_1=0.9,
beta_2=0.999,
epsilon=1e-6,
exclude_from_weight_decay=None,
name="AdamWeightDecayOptimizer"):
onstructs a AdamwWeightDecayOptimizer."""
r (AdamwWeightDecayOptimizer, self).__init__ (False, name)

learning_rate = learning_rate

weight_decay_rate = weight_decay_rate
adapter_weight_decay_rate = adapter_weight_decay_rate
beta_1 = beta_1

beta_2 = beta_2

epsilon = epsilon

exclude_from_weight_decay = exclude_from_weight_decay
_adapter_variable_names = {
self._get_variable_name(v.name) for v in tf.get_collection|

ply_gradients(self, grads_and_vars, global_step=None, name:
ee base class."""

gnments = []

(grad, param) in grads_and_vars:

grad is None or param is None:

continue

ram_name = self._get_variable_name(param.name)

= tf.get_variable(
name=param_name + "/adam_m",
shape=param.shape.as_list(),
dtype=tf.float32,
trainable=False,
initializer=tf.zeros_initializer())
= tf.get_variable(
name=param_name + "/adam_v",
shape=param.shape.as_list(),
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dtype=tf.float32,
trainable=False,
initializer=tf.zeros_initializer())

# Standard Adam update.
next_m = (
tf.multiply(self.beta_1, m) + tf.multiply(1.0 - self.bet:
next_v = (
tf.multiply(self.beta_2, v) + tf.multiply(1.0 - self.bet:
tf.square(grad

update = next_m / (tf.sqrt(next_v) + self.epsilon)

Just adding the square of the weights to the loss function
the correct way of using L2 regularization/weight decay wit
since that will interact with the m and v parameters in sti

Instead we want ot decay the weights in a manner that doesr
with the m/v parameters. This is equivalent to adding the ¢
of the weights to the loss with plain (non-momentum) SGD.
if self._do_use_weight_decay(param_name):
if param_name in self._adapter_variable_names:

update += self.adapter_weight_decay_rate * param
else:

update += self.weight_decay_rate * param

H OH OH OH OB H H*

update_with_lr = self.learning_rate * update

next_param = param - update_with_1r

assignments.extend(
[param.assign(next_param),
m.assign(next_m),
v.assign(next_v)])
return tf.group(*assignments, name=name)

def _do_use_weight_decay(self, param_name):
"""whether to use L2 weight decay for “param_name”."""
if param_name in self._adapter_variable_names:
if not self.adapter_weight_decay_rate:
return False
else:
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if not self.weight_decay_rate:
return False

if self.exclude_from_weight_decay:
for r in self.exclude_from_weight_decay:
if re.search(r, param_name) is not None:
return False

return True

def _get_variable_name(self, param_name):
"""Get the variable name from the tensor name."""
m = re.match("A(.*):\\d+$", param_name)
if m is not None:
param_name = m.group(1)
return param_name

optimization_test.py

#
#
#
#
#
#
#
#
#
#
#
#
#
#

coding=utf-8
Copyright 2018 The Google AI Language Team Authors.

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, softwe
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or :
See the License for the specific language governing permissions ¢
limitations under the License.

"""Functions and classes related to optimization (weight updates).

from _ _future__ import absolute_import
from __ _future__ import division
from __future__ import print_function

import re
import tensorflow as tf
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def create_optimizer(loss, init_lr, num_train_steps, num_warmup_ste
"""Creates an optimizer training op."""
global_step = tf.train.get_or_create_global_step()

learning_rate = tf.constant(value=init_1r, shape=[], dtype=tf.flc

# Implements linear decay of the learning rate.
learning_rate = tf.train.polynomial_decay(

learning_rate,

global_step,

num_train_steps,

end_learning_rate=0.0,

power=1.0,

cycle=False)

# Implements linear warmup. I.e., if global_step < num_warmup_ste
# learning rate will be “global_step/num_warmup_steps * init_1lr
if num_warmup_steps:
global_steps_int
warmup_steps_int

tf.cast(global _step, tf.int32)
tf.constant(num_warmup_steps, dtype=tf.int3:

global_steps_float
warmup_steps_float

tf.cast(global_steps_int, tf.float32)
tf.cast(warmup_steps_int, tf.float32)

warmup_percent_done = global steps_float / warmup_steps_float
warmup_learning_rate = init_lr * warmup_percent_done

is_warmup = tf.cast(global_steps_int < warmup_steps_int, tf.flc
learning_rate = (
(1.0 - is_warmup) * learning_rate + is_warmup * warmup_leal

# It is recommended that you use this optimizer for fine tuning,
# is how the model was trained (note that the Adam m/v variables
# loaded from init_checkpoint.)
optimizer = AdamWeightDecayOptimizer(

learning_rate=learning_rate,

weight_decay_rate=0.01,

adapter_weight_decay_rate=0.01,

beta_1=0.9,

beta_2=0.999,

epsilon=1e-6,



exclude_from_weight_decay=["LayerNorm", "layer_norm", "bias'"’

if use_tpu:
optimizer = tf.contrib.tpu.CrossShardOptimizer(optimizer)

tvars = []

for collection in ["adapters", "layer_norm", "head"]:
tvars += tf.get_collection(collection)

grads = tf.gradients(loss, tvars)

# This is how the model was pre-trained.
(grads, _) = tf.clip_by_global_norm(grads, clip_norm=1.0)

train_op = optimizer.apply_gradients(
zip(grads, tvars), global_step=global_step)

# Normally the global step update is done inside of “apply_gradie
# However, “AdamwWeightDecayOptimizer  doesn't do this. But if yol
# a different optimizer, you should probably take this line out.
new_global_step = global_step + 1

train_op = tf.group(train_op, [global_step.assign(new_global_stej
return train_op

class AdamWeightDecayOptimizer(tf.train.Optimizer):

""U"A basic Adam optimizer that includes '"correct" L2 weight deca)

def __init__ (self,
learning_rate,
weight_decay_rate=0.0,
adapter_weight_decay_rate=0.0,
beta_1=0.9,
beta_2=0.999,
epsilon=1e-6,
exclude_from_weight_decay=None,
name="AdamWeightDecayOptimizer"):
"""Constructs a AdamwWeightDecayOptimizer."""
super (AdamweightDecayOptimizer, self)._ init_(False, name)

self.learning_rate = learning_rate
self.weight_decay_rate = weight_decay_rate
self.adapter_weight_decay_rate = adapter_weight_decay_rate
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self.beta_1 = beta_1

self.beta 2 = beta_2

self.epsilon = epsilon

self.exclude_from_weight_decay = exclude_from_weight_decay

self._adapter_variable_names = {
self._get_variable_name(v.name) for v in tf.get_collection|

def apply_gradients(self, grads_and_vars, global_step=None, name:
"""See base class."""
assignments = []
for (grad, param) in grads_and_vars:
if grad is None or param is None:
continue

param_name = self._get_variable_name(param.name)

m = tf.get_variable(
name=param_name + "/adam_m",
shape=param.shape.as_list(),
dtype=tf.float32,
trainable=False,
initializer=tf.zeros_initializer())
v = tf.get_variable(
name=param_name + "/adam_v",
shape=param.shape.as_list(),
dtype=tf.float32,
trainable=False,
initializer=tf.zeros_initializer())

# Standard Adam update.
next_m = (
tf.multiply(self.beta_1, m) + tf.multiply(1.0 - self.bet:
next_v = (
tf.multiply(self.beta_2, v) + tf.multiply(1.0 - self.bet:
tf.square(grad

update = next_m / (tf.sqrt(next_v) + self.epsilon)
# Just adding the square of the weights to the loss function

# the correct way of using L2 regularization/weight decay wit
# since that will interact with the m and v parameters in sti
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#
# Instead we want ot decay the weights in a manner that doesr
# with the m/v parameters. This is equivalent to adding the ¢
# of the weights to the loss with plain (non-momentum) SGD.
if self._do_use_weight_decay(param_name):
if param_name in self._adapter_variable_names:
update += self.adapter_weight_decay_rate * param
else:
update += self.weight_decay_rate * param

update_with_1lr = self.learning_rate * update
next_param = param - update_with_1r

assignments.extend(
[param.assign(next_param),
m.assign(next_m),
v.assign(next_v)])
return tf.group(*assignments, name=name)

def _do_use_weight_decay(self, param_name):
"""Whether to use L2 weight decay for “param_name™."""
if param_name in self._adapter_variable_names:
if not self.adapter_weight_decay_rate:
return False
else:
if not self.weight_decay_rate:
return False

if self.exclude_from_weight_decay:
for r in self.exclude_from_weight_decay:
if re.search(r, param_name) is not None:
return False

return True

def _get_variable_name(self, param_name):
"""Get the variable name from the tensor name."""
m = re.match("A(.*):\\d+$", param_name)
if m is not None:



param_name = m.group(1)
return param_name
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LICE 2} 2f|0]ofet £20| Q| =t LHZ AtSdH=X| & el HAEL|L

o

optimization.py : B S0 ArEE|= A[Hst H2t0| Yol El A2, Adam FE|OIO| X} st
58 222 W0l Zete|o] JASLICH XX ot 10| oA O|RO{X[=X| &eldt= O &
Ko THALICY.

optimization_test.py . _‘_|I-|g|- I-l'?":ol X‘”EH J£|
SZE[OtO|XMet t&E ZHO0| HHZ O|F0{X|=

run_classifier.py : BERT E%% %g Z|I-(|)=|-|0" I;'cl-'jls-l lell _7.(_@‘5}:]_ -6—-!'%-5"5 J_'—Pgl% Eé}-col--é-l'f
oALICH HIOJH 2, otg FI, &4 g, Y71 &40] o7]of FHol=lof IeH, 2RSS
ShAl7| D Botsts o Jhg EQ nty

reapME.md ¢ TEHMEQ| 2N AL AX| gt

Tx8 7|5E Oldlote ol =8& ELCH

tokenization. py (E!ﬁE Mx2| o Eﬂ'—l‘olﬂ)
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@ ol mug =AE Glo|elS MHa|stD, RHO| Y2 4 U= Heh2 Wkt e
$ILICE S3], BERTS 22 72 20| ALBEIE A=

I

WordPieceE AFE5t0 HIAEE NESQIE G2 LSO A 2|EL|C}.
1. 2lo|E2{g| X E
O| oAU CIS1t 22 =L 2I0|ER2|E AFEEL|C}:

o re: il EHAS ALESI0] HIAE M2|,

o collections: %] Bl AHM SO0| AFEE= orderedpict .

A St= 2to|=22{2|0|Ct. Python 22t 3
M1t API XtO| Ef 20| LsH= BXIE siZst7]| flo <ix 2HO|EZ{EIE AL
a

»  six.pv2: ®Xf Python H{70| 29IX| 2fQlstct,
»  six.pvs: ®XY Python 0| 3QIX| &tQlsto},

B six.iteritems() , six.text_type S o2 EP—Jr—Ql' EtQI0| Python 22 3 7t
o| Xto|E X522 A e2|slf =L

e unicodedata: RL|ZE & XAHS A £ Q= EF 210|E22[0|Ct F2 &
LIZE EXte 25, Hel E= 0|E2 Z3|6t= 7|s
C

[E 2ZXE FAetstALt, EXtof
o FR 7|§3

B ynicodedata.normalize() - %LliE _E_xl.oad% gl.ﬁl.§|-'6|-0:i E@ EZH_SO" 5‘:'7'”

Hetotet.

» unicodedata.category() : Tl X} FLITE HF(A: —E—Xl‘l -j:—xl', e

H)E ghetetot.

B uynicodedata.name() . —E—Il'gl —3—&! %LliE O|%% H|‘§|"5|‘|:|'_

import collections
import re

import unicodedata
import six

2. WordPieceTokenizer 2tiA

O] 22A = WordPiece HAlS E6l| HIAEE NEQEZ 2otL|Ct. WordPieces=
A3 AR El= X A2 Eetsto] 03] 2gtE 2 A5HH, 0l= 00V(Out of
Vocabulary) 2H|E siZst= ol |
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FR OHME:

° tokenize . E—"!ﬁE% A‘lE-?—-lEE Eéﬁl‘ﬂ'l—l EI'.

o U EHAES T |ZOR BT 3, 2t CHofo] e NEYER Lt Bt
Ho| £t

Ol
fjo
-

o Greedy longest-match-first 22| t8ot Jtset 71& 21 MESIE

£ MERLIC.

class WordpieceTokenizer(object):
def __init__ (self, vocab, unk_token="[UNK]", max_inpu
t_chars_per_word=100):
self.vocab = vocab
self.unk_token = unk_token
self.max_input_chars_per_word = max_input_chars_p
er_word

def tokenize(self, text):
output_tokens = []
for token in whitespace_tokenize(text):
chars = list(token)
if len(chars) > self.max_input_chars_per_wor

output_tokens.append(self.unk_token)
continue

is_bad = False

start = 0

sub_tokens = []

while start < len(chars):
end = len(chars)
cur_substr = None
while start < end:

substr = "".join(chars[start:end])
if start > 0:
substr = "##" + substr

if substr in self.vocab:
cur_substr = substr
break
end -= 1
if cur_substr is None:
is_bad = True
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break
sub_tokens.append(cur_substr)
start = end

if is_bad:
output_tokens.append(self.unk_token)

else:
output_tokens.extend(sub_tokens)

return output_tokens

He|EZ HetpfLIo Bojol 20|17 HER 23 | 2rotal, O3
EZotetLict

o SafAL 7|=Eol &

fMEZS HHstL

FR OHME:

I

o tokenize : YJEH HIAEE ZHHOZ Ba|5l0] EE0Z Halst ARKXF HeE gl of

aH
HE MAH S| HH2[E +AELIC

class BasicTokenizer(object):
def __init__ (self, do_lower_case=True):
self.do_lower_case = do_lower_case

def tokenize(self, text):
text self._clean_text(text)
text self._tokenize_chinese_chars(text)
orig_tokens = whitespace_tokenize(text)
split_tokens = []
for token in orig_tokens:
if self.do_lower_case:
token = token.lower()
token = self._run_strip_accents(token)
split_tokens.extend(self._run_split_on_punc(t

oken))
return whitespace_tokenize(" ".join(split_token

s))

o H9:0| HAMEE L HA l
H, =20 2AE Mot = 28 RS E 71822 2L
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4. FullTokenizer 2tA

22 A= BasicTokenizer2t WordPieceTokenizerS Z&st] 2tX st EFLLO|
2EBL|CE 72Xl MA2|E HEl = MEQER Hetsh= 10| etElL|Ct

0l

x|

o=

FR HME:

o tokenize : BasicTokenizerZ 7|2 EZE ATt 2, WordPieceTokenizerE
A8 MEQE thel2 22|gfL|C.

class FullTokenizer(object):
def __init__ (self, vocab_file, do_lower_case=True):
self.vocab = load_vocab(vocab_file)
self.basic_tokenizer = BasicTokenizer(do_lower_ca
se=do_lower_case)
self.wordpiece_tokenizer = WordpieceTokenizer(voc
ab=self.vocab)

def tokenize(self, text):
split_tokens = []
for token in self.basic_tokenizer.tokenize(text):
for sub_token in self.wordpiece_tokenizer.tok
enize(token):
split_tokens.append(sub_token)
return split_tokens

-_

o Md: 0| HIMEE= MK BasicTokenizerE A2 HIAES J7|2X O Z EZ5|5!
=, 2} E28 WordPieceTokenizers AI2s EEZ HEHSHL|CY,

HH2|E X™ASt= o2 RERIE 7t HSELIT

IDZ tHEeL|CE

rr

« convert_tokens_to_ids: E22 {g| X0 &

def convert_tokens_to_ids(vocab, tokens):
return [vocab[token] for token in tokens]

o convert_ids_to_tokens: IDE CtA| E2OF HatstL|C},

def convert_ids_to_tokens(inv_vocab, ids):
return [inv_vocab[id] for id in ids]

« whitespace_tokenize: 7| 2%l St X|H 9l HIAE F2|E X2|gL|Ct.
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6. ZCo| M 7|5 ook

def whitespace_tokenize(text):

text = text.strip()
if not text:

return []
return text.split()

=

. WordPiece MEQ|C CIQ|Z HIAEES 22|5t0] Mo ZM, 5|7 THo{Qt AlxX

=]
ofofl Chet 22Xl st&S RIAFLIC.

E33} 3}H™: Q= sl Bl AE = BasicTokenizerE £l 7|2 o2 MA2|El &
AL

WordPieceTokenizerZ

HAE H3h A ZMOZ HAEE EZ2 D2
ALt

O TA2|ste{, BERTS}

g MESERZ LI=0{ L.

_§>_|-5||]:| 0|2 Edff B2l Qlzdo =z

22 Z20M =
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\;’;) From _ future__

from __future__ import absolute_import , division, print_function = Python 20 A
Python 39| 7|58 AIEY = UEE diF= Z=QLICE 0| M| 7kX|= Python 22t
Python 3 Zt2| X10| € S 2tst7| 2|8l Python 2 ZE0f| Z& &= A7t BELICH 2
Zto| 7| =0l CHalf dHSHH CH2a Z2&L|C:

1. from _ future__ import absolute_import

e 715: Python 20| M EH YEE UAlS gdateiLct.

o HY: Python 20iM= 2ES HHHQE YEESH= A0 7[20|RA7| wiZo,
St 0|89 2Z 2E1 H#F 2t0|HE2| 250| E5E = AVASLICL
absolute import = O|2{¢t ZEE QX510 Python 3ME MLl 2Z2E QA=

AMOZ AXEES X2|gL|Ct,
o Of|Al:
# & 50{, X} CIHEZ[ Y= "math.py" Z= Al EZ 2}0]

B2{2| "math" 2ZES YZESHA ELICt.
import math

2. from _ future__ import division
e J15: Python 20| £33 Liedlg 7|22 = S43efL|C

o 4E:Python 20z , S & H9 Lix S oY of Fo LI (R

=20
BHeh) 2 71222 YELICE division & AFESIH Python 3ME , HMXIL ehat

2H LIS S-ELICE Ha L dS JotH /) FUXIE ALESHOF RiLICE.

# Python 29 7|2 3% (£ LixM)
print(3 / 2) # Z1: 1

# _ future__ import O|F (&A%H LixAM)
print(3 / 2) # Z3: 1.5

3. from _ future__ import print_function
e 7|5: Python 20l Python 39| print &4 2HS A% 4= Q| ghLCt.

o Md: Python 20|ME print 7t 7|HER AEE[RICLE, Python 30N & &
E%Elﬁﬁl—lﬁf print_function % Af%ﬁﬁ Python 3*"%‘ print() -°;|+¢§ §%6H
OF StH, IRt FM(0l: end Lt rite ) AFEE &~ JASLICE
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° O:IIAI

# Python 2 7|2 S& (printZl 7|91E)
print "Hello" # Z1: Hello

# _ future__ import O|F (print = AL
print("Hello") # Zx: Hello

tokenization test.py (E3LIO|X H|AE @mIY)



\Q OI I OE'% tokenization.py 0“ ngg|5|_| 7|%%% E'”ﬁE_(')_I'jl 'CI)’I-EI' ‘IQFIDLI E'”ﬁE?:!L'lEl'- ‘JISE
FullTokenizer , WordpieceTokenizer , BasicTokenizer %EHﬁ—O—l 7|%% EI%EI-L“:I'. E—l'%':

ot HIAE HO|AE Sof E23t Zatvt 7[chsts t= LiE=X| =helghL|Ct.

1. 2fo|H2{2| X E

HIAEE ?ldi 2Rt 2t0|E2{2|E ZEgfL|C:

import os

import tempfile

import tokenization
import six

import tensorflow as tf

2. TokenizationTest 222

Ct.

3. test _full tokenizer HAE
e 7|5 rulitokenizer A LS| EZESI A1ME HIAESIL|LCE

e XHE HFAI
Mo O 1.

o %!Alg vocab ]Il'OEI% g'*o_al':'—, FullTokenizer = Af%5H tokenize '34

convert_tokens_to_ids D'”kl E% 7.:1%?:.“4 |._.|'_

o OAl HIAE wyyyanted, running” = E22FSE Z[CHZER! [runt, "#suant,
ngyed”, ",", "runn", ”?T#ing"] gl- Hlm_-c.él'l__ltl-.

o EZID Hetx HAEEL|CE

def test_full tokenizer(self):
vocab_tokens = ["[UNK]", "[CLS]", "[SEP]", "want", "#
#want", "##ed", "wa", "un", "runn", "##ing", ","]
with tempfile.NamedTemporaryFile(delete=False) as voc
ab_writer:
if six.PY2:
vocab_writer.write("".join([x + "\\n" for x i
n vocab_tokens]))
else:
vocab_writer.write("".join([x + "\\n" for x 1
n vocab_tokens]).encode("utf-8"))



vocab _file = vocab _writer.name

tokenizer = tokenization.FullTokenizer(vocab_file)
os.unlink(vocab_file)

tokens = tokenizer.tokenize(u"UNwant\\u®@E9d, runnin
9")

self.assertAllEqual(tokens, ["un", "##want", "##ed",
n n IlrunnII, II##ingll])

4 4

self.assertAllEqual(tokenizer.convert_tokens_to_ids(t
okens), [7, 4, 5, 10, 8, 9])

test basic_ tokenizer_lower “‘“HE

7|=3 BasicTokenizer %EHﬁ—Q—I _+_—E—X|' tﬂ% 7|%% E-”ﬁEEI'LlL__L

o O:HAlE " \\tHeLLo!how \\n Are yoU? " ‘E‘xl'oaiol ["hello", "!", "how", "are",
"you", "?"] =z g ﬁgElfxl 7.:1§'°.;H—| |._..|'_

def test_basic_tokenizer_lower(self):
tokenizer = tokenization.BasicTokenizer(do_lower_case

=True)

self.assertAllEqual(tokenizer.tokenize(u" \\tHelLLo'ho
w \\n Are yoUu? "), ["hello", "!", "how", "are", "you",
ll?ll] )

self.assertAllEqual(tokenizer.tokenize(u"H\\UOGE9ll
O"), [llhelloll])

test_wordpiece_tokenizer HAE

e 7|5: wordpiecetokenizer 2ElAQ| 7|52 EHIAETILILCE

e XM= HEAI.
o

| o .

o WordpieceTokenizer 7} A HYE EZS}IE NCHE $3MSH=X| SHQIstL|C}

o "unwanted running” O|2t= BIAETJL [un, ##want, ##ed, runn, ##ing] SE H E

ZotE|l =X d5ELIc.

def test_wordpiece_tokenizer(self):
vocab_tokens = ["[UNK]", "[CLS]", "[SEP]", "want", "#
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#Want", II##edII, "Wa", "Un", Ilrunnll, Il##ingll]
vocab = {token: i for i, token in enumerate(vocab_tok
ens)}

tokenizer = tokenization.WordpieceTokenizer (vocab=voc
ab)

self.assertAllEqual(tokenizer.tokenize("unwanted runn
ing"), ["un", "##want", "##ed", "runn", "##ing"])

self.assertAllEqual(tokenizer.tokenize("unwantedX run
ning"), ["[UNK]", nrunnu, "##ing"])

6. 7[Et HIAE HIME

e test_is whitespace . whitespace_tokenize 6,;,"—’,‘—7}

gfLICt.

Okl
=
HO

® test_is_control . I‘"O‘I ‘E‘xl'7|' I'"IZHE ‘_I'" El I_xl % Ll L_-l'-

® test_is_punctuation . —_rl—';:—é.* —E—I|J|— I'|||:H§ I=|ElEl xI E'"AEOH—l I._..|-
7. 28
O] ml2 ELIOIXN Q|

C
LIR=X| &elsts ¢t
HAEo| Ma[otal HeatsHEX

Q

f

|52 SEHLZ HAESIH, E2s 21t} QHfEHI
DEN 2 NLP Fé-_OﬂH HAE
I

18 0
Job ot ot

modeling.py (BERT B2 Q| 5l 2teq gh4x)

XHE 2 M2[ot=X| HIAE

90



@

__l.l.
E
L

modeling.py III'OEIS BERT E%g—l Jo;éxl ‘_I"'—jlc—
sasg

ol s e

£3 2
d a0t stas flot o2 £ g5 TS ASLICH O U2
.|

S H2(sof BERT 2| Y02 wigholn, Chofst 74 948 Mo}

Ct.

2. BertConfig SElA

sertconfig =EjA = BERT ZEIQ|

3

-4
0%

[0
>
fuin

oln mio
2

[]

71, &0]0] =, EFOIR & E, P 3= &

094

vocab_size : O-I'-él'-'l E-ﬂ'gl i7|.
hidden_size : 2=&2| 37|,
num_hidden_layers - Transformer QIZE L 24 20| %,
num attention heads : O{EIIM 2{|0]0{2] &|E ==,

intermediate size : I|EXYE 2[0]0{Q] 27|,

hidden_act : 2%}t & (7[&2k: gelu).

I.

o
Jtot

140

hidden_dropout_prob : 8"—‘!% EEOI‘

attention_probs_dropout_prob . O'III:_M_

-1l

Jok

E CSot

+{o
=
Mo

max_position_embeddings . -;Ell:H —E—Jg' 7Io|_

type_vocab_size : EZ EI) oto|C| 27| (02”
= O AFE).

Mo

Yal
10
2t
E
2
In
rE
2
40

initializer_range : 2F_7| 7|'§X| AE-UCE;I %-I'?"l

OllAl:

class BertConfig(object):
def __init__ (self,

vocab_size,
hidden_size=768,
num_hidden_layers=12,
num_attention_heads=12,
intermediate_size=3072,
hidden_act="gelu",
hidden_dropout_prob=0.1,
attention_probs_dropout_prob=0.1,

fr

o
o=

[=13
=

fujo
ot

HMolot mpURILICE == BERT ZEH<Q|
HIAE |0

|5t= 28 SaALIt 229

o2 Sto|m o2t E X F LT
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max_position_embeddings=512,
type_vocab_size=16,
initializer_range=0.02):

3. BertModel SEfjA

BertModel %EHﬁE Jélx.” BERT Ealgl :rl}-% I-Ig|‘6'l-|_| El’- Ol
[e]
°

=
S BSEA o
3 HAES M2I5tD, 88 EE FES

F2 HAE:
olgq |D

° *é'é‘,'xl‘: E% —T“};' Aé”g ( BertConfig ), 6—1’& O:I—I?'— ( is_training ), ==
(input ids ), Obla Ul'ﬁﬂ ( input_mask ), EE‘ EI‘?:} 1D ( token_type_ids ), E._}'O'I 9:“:"”

& HFAl (yse one_hot_embeddings ), 23X S dot RRAS 1ML}
o FL MME:
o embedding lookup : THO M S S TL|C,
o embedding postprocessor : UH|Y X2, EZ EIY A X LY Ft.

O transformer_model . /élx-” Transformer %EOHA'I O‘I'f-ilﬁﬂl' HlEE%E% 75".%

ol 28 EdS StafLIt.

O get_pooled_output . _E_IOI-Q_| |:||-X|'1||' [CLS] EE'O“ 6-|'||<::>I'_6|'E EE’J% EI'%ZH—I E—l’.

OllAl:

class BertModel(object):
def __init_ (self,
config,
is_training,
input_ids,
input_mask=None,
token_type_ids=None,
use_one_hot_embeddings=False,
scope=None):
# Embedding THA|
with tf.variable_scope(scope, default_name="ber
t"):
with tf.variable_scope("embeddings"):
(self.embedding_output, self.embedding_ta
ble) = embedding_lookup(
input_ids=input_ids,
vocab_size=config.vocab_size,
embedding_size=config.hidden_size,
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initializer_range=config.initializer_

range)
self.embedding_output = embedding_postpro

cessor (

input_tensor=self.embedding_output,

use_token_type=True,

token_type_ids=token_type_ids,

position_embedding_name="position_emb
eddings",

dropout_prob=config.hidden_dropout_pr
ob)

# Encoder T (Transformer =%)
with tf.variable_scope("encoder"):
attention_mask = create_attention_mask_fr
om_input_mask(input_ids, input_mask)
self.all_encoder_layers = transformer_mod

el(
input_tensor=self.embedding_output,
attention_mask=attention_mask,
hidden_size=config.hidden_size,
num_hidden_layers=config.num_hidden_1
ayers)

4. Transformer D&
transformer_model %I'—)FI.: BERTol SH .:.?_ E._HﬁED'l %%% —_rrcl’.j-c.’.-_l' _C.Z.I'—)F = HE—:‘.
El AHE S HEICE O{HIM HFL|E0 D EXQE HERIE MESIH HIAES

W o|0|g & BILICY,

[ PNR

def transformer_model(input_tensor, attention_mask, hidde
n_size, num_hidden_layers, num_attention_heads):
for layer_idx in range(num_hidden_layers):
with tf.variable_scope("layer_%d" % layer_idx):
attention_heads = []
with tf.variable_scope("attention"):
attention_output = attention_layer(from_t

ensor=input_tensor, to_tensor=input_tensor, attention_mas
k=attention_mask)

# DEXQE 5 ZHE



with tf.variable_scope("intermediate"):
intermediate_output = dense_layer_2d(inpu
t_tensor=attention_output, hidden_size=intermediate_size)
# £ next inputl=E
input_tensor = intermediate_output
return input_tensor

5.7IEt £ =

® create_attention_mask_from_input_mask ; °|=IE—1| Dl‘ﬁﬂ;—?—ﬂ O'If-ﬂﬁ Dfﬁi% AMMS
of Y& /IKIE FAIRLICE

® embedding_lookup . -DF-O'Ixn_I EI;}-O-I |D0" EH%-sl'E ?:,H.”I:OI I:I_-I!E-I% I:||_|'§I'-6=-|I'L—| EI'-

® embedding postprocessor . $|X| %’H'”%IJ—I—I' £
HEgetL|oh

I
m
1
oo
=
on
mjo
%
N
Ot
k.
[n
Ihu
=)
+0
mjo

. 0l S %9 74 248 Folotn, HAE Hl0|EIS H2lof
UROR ABE 4 UEE FLICL

. DHo| Bt U X2 C0) A BERTO| QI3C] B2 (EUATM)S AN 27| 2
W YIS FEBLICH
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W

modeling.py TFROM F2 SAE EMStL, 2 24t O WE eSS otLtY &t
M3 25

1. BertConfig 2tA

0| 22jA= BERT RElo] MXME zt2|st= S AL}t BERT RES A2 st o

2] Oj2t0|HSS MEStL, O TiEt0|HE 7|He 2 EE*'Q e = ACL o] SeA=
F= JSON IO = mo|M HM 2|0 B F S22} sertconrig 2HE WM

ot= 7152 M3ttt

il

X A=,

'I'B T=.

1 from_dict(cls, json_object) .

o 7|5: TO|M EIMUHZ[ZRE] sertconrig HK|E MBS}

xf

Ol
=

o Bl gertconrig ME M3, HMUE(2| 7|9 gHE 0|8 AH|el £

HA =
- N
= dH-stct,

=
=
o json object 2t= EMUEZ|0|M 2 7|2}
config.__dict__[key] = value HIAIOZ BertConfig O| & M0 ettsiCt,

/| O
o OIA]:

o A
US =AHL

)
e}

-

json_object = {'vocab_size': 30522, 'hidden_size'
768}

config = BertConfig.from_dict(json_object)

(] JEHI'-I‘: config 7—|H7(‘I|E vocab_size=30522 , hidden_size=768 9—| ﬂ'% ZJEEf

2. from json_file(cls, json_file) .

(] 7|%: JSON ]II'%IE'#:'-H BertConfig 7—|HX'||§ AHM'é‘l-[:L

a3l
. Sy
o FOZl json rile BEO0IM OHUZS 10 JSON HIAEE Q0{EQ! =, 0]
E mo|M el L 2| = Hetotrt.
A+ E ZESHH sertcontig ZHA|

o HTIEl EIML2|Z 0|28 rron dict() &
=
=

config = BertConfig.from_json_file('config.json')


http://model.py/

o ZD}: Itof| MEE DE0ES2 B™EE serccontig

_ (self) :

to_dict

3.

ofo| M S ML 2| = #Hetolr},

=
=

. BertConfig 7—'1*‘”

. s

to_json_string(self) :

4.

JSON

=
=

. BertConfig 7—||'|x'”

. Jls

2. BertModel SE{jA

i ALH =2 Transformer 20|02 A

Ol 2alA= BERT 2

ol

5
©
s
E=)
=
Q.
=
=
=
<
A
c
'
]
-
t,
(2]
-
5
=
Y=
=
o
(8]
&
)
..
)
111/
|
G+ -
jol -

: BERT 29|

. Jls

| -

mjn!

ype_ids )%

I},

Transformer D20 ML$

token_t

o U= OIO|E{( input_ids, input mask

—

=
=

ALsta, of

embedding_lookup :

2.

e Jls: Y= EZ DOl CH

embedding_postprocessor .

3.

ojn

mjnl

t

ol
=

transformer_model :

4.
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e J1S: Transformer 22| M4l g2, BUN O|EM S Sh5tCt
o ST

o U A WK E Transformer 50| MEstn, O{HIM HI7LIZEE &

"
MRS St

:|2
rulm
olm
o
N
r
<2
10
=
ret
mjo
Lo
o>
9'_|-
ot
bt
OR

MO
5=

Hu

rin

2

5. get_pooled_output :
. 7l 2XO| OIX|T [CLS] 20| SfTst EHS HisisiCt,

o SZ WA BERT DO ObX|9f £20j|A [CLS] E2°| B¥ES &30, 0|5

Qo

o sertconfig BEJAE BERT S MAst= Za20|0, JSON I Ei ElAL
Z|2RE S S22 HNE Y&

o gertmodel BEfA= BERT 2| X5 FOlsh= SalA0|H, Transformer (0]
Ol S3ll ¢ 2 UM EHS o5t B8 L= Hol +F2 £33 4Y
Stk

2t 22fA = BERT ZH9| 7|2 #1209 4 S H2[oIH, 0|2 S3ll MY & RES

Crret NLP 2ol HEE 4 ULt

modeling.py ]Il'alol I._'I b 4?_' ‘_r"jCh BERT E%% ‘_rl-é.j_al'__d Ef%t'ﬂ I._-Ix‘l EI gtl —_?:x‘lal
ApEg Kalshs =2 T4E|0] /ot o] MU BERT Q| 7|= 2xet e
Transformer Ei|0|01, AH|E Ha|, ESot, ofsllM, 12|13 BERT Z2o| nizto|g &
% 0|M| ZHE X|5H= Adapter ZES E8t5t 1 UL

II_1 I '|O| __I.I.X
1. 2fo|EE{2| YR E
e TensorFlow & 7|E} 2R3t IEES2 AXESIH RS FHst= §| A2 E

EI'- ZIC—R E—I'O|EE—‘| El;: tensorflow six copy 30| ‘;ul:l'

I I

2. BertConfig EEHA

o AW ZA: o] 222 = BERT 2D AHZH(Sto|Hmt2t0|E)S ﬂJEI
vocab_size , hidden_size , num_attention_heads %Q-I E%-_IQ-I -Tk..%

2t0[E{=0] &[0 ALY,

. FuL

o fron_dict : II2}0|E] IMUHE| 28 E] sertconrig K|S M-St
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© from_json_file - JSON ﬂl'oeloﬂkl III'E—l'DlE'IE E—,O‘I BertConfig —ﬂﬂl% ’}'Jé!
ot

o to_dict xl to_json_string : BertConfig 7—']'*‘"% L_—'!A:IL-‘Ial EEI_ JSON _65’ !
o| 2ArE 2 Hetolrt,

3. BertModel EEH*

o BERT 2! Sa2ljA: BERT 22| MH| F=E 7t SeiA0|Ct = H|0|E
£ AW|IEStT, Transformer 20| E Edll 2MA S St&0HH
S A

k) o Ad A
Z Hett Mds Y = As EHY

o init_ :BERT BRQ| x7|3t gte=, HHZ0| XA BERT =& 72
£ 8Fdtn Tt 20|0{SS Tt

o embedding lookup : Y= HIAEQ| EZ |IDE UH|El HIE 2 HESH= SH4
O|LC}.

O embedding_postprocessor . EE‘ EI'%I %!I:I-”%ljl_l- _?_lxl %ng% —;F—7|'-6|'

EZof on|et &M E LIEIH= HEE HBT.

2
i

O get_pooled_output : E||-X| g!' [CLS] EE‘-Q-I E_?L_% $%6H ‘E‘Q _E_'Igl' %QI ZI'

Yol AFEBILY.

© transformer_model - BERT E':élgl ié’ —I?'——Eﬂ_ Transformer EIOIO'IE Jél
oHoH l:'IIIHJE-I JHEE ol-é'6|-|:|-_

4. Transformer % O{EIM 23 st

e Transformer ZE2 BERT REo| A JLEXZ Q2 ZZo| 2t
EZEN M X ESH= WA S ot& o= HIFLIFBO|CE Ct
ExQE HERIE O|F0X )2

o O{HIMOIAT MM T E EZS PAIStD 2ot EES 712 A E a&5e

£ QT E OffiH OFASS MNSts 34T EBtE|O] Qict.

5. Adapter 2=

. TiEnjE| EBHQ 84S XUsts BSOICE Adapters 2Ol BE 2|
1S stasoh ThA, S 20l0foll 32 DES 27K A40| T2H0EfDt 3%
$ITH 012 St 452 SAISIHAE she AIZHS B0t Hlme| AS2S
Y 4 Aot
6. 2 0lAl X 37t RE2IE| 34

-

« get_activation: 243} gt+E M= SR
=7t AL EICE.

relu |-|' gelu 9-|' ?El'% %Hgﬁl'

I

e create_attention_mask_from_input_mask: /2 OfAI 22 EH O{HIM O}
AIE MYS= a2, 24 EZQ a2 ZX-t oEIM A A A] 0| HE

—
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e Bertconfig: BERT REIo| MH

o Transformer 3! O{EIM

[ =

ol 42 2| BAE o

o Adapter BE: II2}0|E 22

AE WS,

0| IYUS BERT 2¢

T8 QASE

ot

2 Transformer &|0|0], 0f

EoHdn O =X HERS

M

—

o=
=

—y

E

o
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\;1;./ with —E—

1 with 20| CHe 4¥
with 22 IO|Mof M HHAE H2KS AR SH 29| HHS Ho{shs o ALS

=
EICt 7| M= **TensorFlow<) tf.variable_scope **Z HEIAE ZE[XI2 AMESID
ULt

o ¥ tf variable _scope *= Iél
AMZEICEH O A SH REO|M Z2 0|52 Hadt S W, 2f HaTt Ko
(scope)di| 2t L2 = UACL F, 0|§ S=2 Olstn, RHES O 1X¥o= 714
St A 0I[:|-
= T MmHL.

OE =
with tf.variable_scope("scopel"):

v = tf.get_variable("v", shape=[1]) # O] Bi&E scope
1/vE 0|50| X[H&

rl

with tf.variable_scope("scope2"):
v = tf.get_variable("v", shape=[1]) # O| HsE= scope
2/vZ 0|50| X|EFH

O ZEMME scope=rvert” 2 X|ZE HROM HE Fol5HA| ECt.

N

.ZC MY

7] 4%

F

config = copy.deepcopy(config)

if not is_training:
config.hidden_dropout_prob = 0.0
config.attention_probs_dropout_prob = 0.0

o is_training0| raise & O, EEOIR EHES 02 E M™GI0] otE F0| ofd mi=
EE0IR0| MEE|X| AL = Lt

2= HlolE] X2

input_shape = get_shape_list(input_ids, expected_rank=2)
batch_size input_shape[0]
seg_length input_shape[1]
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if input_mask is None:
input_mask = tf.ones(shape=[batch_size, seq_length], dt
ype=tf.int32)

if token_type_ids is None:
token_type_ids = tf.zeros(shape=[batch_size, seqg_lengt
h], dtype=tf.int32)

e input_shape : %IE—:‘. EE‘ |D9-| E%F% 7|'X=|9|' HHM ﬂ7|( batch_size )Ql' Al'?_-lﬁ 7I0|
((seq lengtn )& AHTICt. 0= Ol 2ROIM 29| A7|E X2|5h= o ALEEICt.

e input mask : Y E2S 2 AISH= O] AP E=ICH 2HOF €

2l2] 0tAS7 glow, Yol
DEEZS fatt EZCRE 2t5dt= 0A3IE Mdot

—

A

o token type ids : F EHO| A= R, 4 EFO| OHE EI0[2H= WS LEUE= ID
E o]

£ GFEICE o] 2ol §le™ 02

2AHIE Az

with tf.variable_scope(scope, default_name="bert"):
with tf.variable_scope("embeddings"):
(self.embedding_output, self.embedding_table) = embed

ding_lookup(
input_ids=input_ids,
vocab_size=config.vocab_size,
embedding_size=config.hidden_size,
initializer_range=config.initializer_range,
word_embedding_name="word_embeddings",
use_one_hot_embeddings=use_one_hot_embeddings)

® embedding_lookup . input_ids % 7|tﬂ'9§ 7—||' E::LOH 6Hl:o|'_6|'E ol:!H'”':ol H_*!E'i% 77<=|-0|.|I__
El’. vocab_size 9" hidden_size 0" g:'"ﬁ ol:!H'”"_él 37'% ggﬁl':'—, '301 on:!H'""_él E'||O|§

= ddstct.

o ?EJJ_'—I'I embedding_output % ol:IE—:!E._I ‘E‘Jg—ql c|):“:}'”':c'>| H—*!H% E-gl'_én__l' ?ﬂﬁolfﬁ, olE

mao| gl2ioz AR
AHIY =2

self.embedding_output = embedding_postprocessor (
input_tensor=self.embedding_output,
use_token_type=True,
token_type_ids=token_type_ids,
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token_type_vocab_size=config.type_vocab_size,
token_type_embedding_name="token_type_embeddings",
use_position_embeddings=True,
position_embedding_name="position_embeddings",
initializer_range=config.initializer_range,
max_position_embeddings=config.max_position_embedding
S,
dropout_prob=config.hidden_dropout_prob)

e embedding_postprocessor ; 4= +T! E.H'”ooﬂ —j|<—7|'7£'||9_| EEE E—‘I_‘.’.__I'El'.

o EE‘ EI'%! ?:IH'"E:I ‘E‘Q :FL‘E‘% ‘?’I-é-H token_type_ids % AI"ic;%é'-l'l 7—||' EE‘O'” E‘Q El'

Transformer 2{|0]0{ X{2|

with tf.variable_scope("encoder"):
attention_mask = create_attention_mask_from_input_mask
(input_ids, input_mask)

self.all_encoder_layers = transformer_model(

input_tensor=self.embedding_output,
attention_mask=attention_mask,
hidden_size=config.hidden_size,
num_hidden_layers=config.num_hidden_layers,
num_attention_heads=config.num_attention_heads,
intermediate_size=config.intermediate_size,
intermediate_act_fn=get_activation(config.hidden_ac

t),
hidden_dropout_prob=config.hidden_dropout_prob,
attention_probs_dropout_prob=config.attention_probs

_dropout_prob,
initializer_range=config.initializer_range,
do_return_all_layers=True,
adapter_fn=get_adapter(adapter_fn))

® create_attention_mask_from_input_mask :2D Dfﬁﬂ( input_mask )% 3D Dl‘ﬁﬂg ﬁ
2tsto] OfElld AT0f Al Mol AFEBICE O] OtA T = Y EZS PAIStD Rudt
EZ 70| M=o 2SI & otCt.
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transformer_model : BERT El:élg-l -6—||'|A|:I|o_| Transformer EiIOIO'IS

o LHE Sl Ofsid: 2t E20| CHE E2 ST 0L HBE|0f UK SHATICH,

o NEESIC HEYI: OfHINES Sof SH&E HES Of 20| K2sich,
O adapter_fn : Adapter Z=E2 Soff o2ty 28X
Reof:

e with B2 TensorFlowH|A| HH£:0| 0|2 HQ|E H 9|
E9o| HeT QIE I 0|2 FEdt= Ol AHZEICE
. 0| ZEO|M BERT 20| /2 H|0|E{S 2UH|T

oz Wt S

2tot =, Transformer 2|
O|0{E Sl EUXN HHS StSOICt o{HIM DIASE MBS Rt EES 74
ASIEZ otESHH, S0t Adapter ZE2 Sl ot&2 2XO 2 TIAs
Cf.

MH

modeling_test.py I}l B4

=2 =
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@
X 1. o IR
-||AE ]I|-°'°|

L

J\

FRISE7| 2l6h CHek
2|9 =X| A

modeling test.py LY BERT 22| HAE FH0|AS orot=
LIct o I}el2 BERT 2ol 2xot X0 YAMOR HEsH=X|
SHHIAEE HOIStD, nodeling.py Ol U= BZE M A S0| M2
z3tLct =9 %E: pertiodel SEfASH AR HIMESO0| 9t 2 X E5H=X]
FRISH= A LICt.

rot

Jm

2. BertModelTest 22
Ol EElEHﬁf tf.test.TestCase % Aok_ﬁ_tllzl-ol- TensorFlow 2t =1 O‘Hkl E'"A % '?ﬂ%* —)F %!

E= ZFELUoh

3. BertModelTester 222
O] LE SaiA= BERT RS MHSID HAEY £ = S M3 LT
create_model() |]'||k| == E 3H ERT EE"O AIX'"E M '5|'0:| 7—||' E'"ﬁE ﬂlolﬁoﬂkl =

$317 212 PSS AYS WL
zo 94

° batch_size . E‘”ﬁEO" AI"gEIE |:||'|X| i7|-

® seqg_length : <|)=IF'5| Al‘:"ll_'lﬁ 7EIOI

2
oF

st 37].

® vocab_size : Tl HHe

® hidden_size : E':élol 8 I% ijl—
® num_hidden_layers : Transformer ¢ iE—I Ol 8 % 7H'JIK‘
e num_attention_heads : O‘I'f'iIA._:‘ E‘||O|O-|9_| 6'”5 ¢

® intermediate_size : I[lEE%IE E1|O|O-|9_| 37'-

® max_position_embeddings : -715| EH Al'—?_-lﬁ .jgol
® type_vocab_size . Eﬂ El'ol O‘I-Ll l_ﬂ' 7|.
® ipnitializer_range . _*_7| 7|'—<7§X| tlg'?‘
class BertModelTester(object):
def _ _init__ (self, parent, batch_size=13, seq_length=

7, is_training=True, ...):
self.parent = parent
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self.batch_size = batch_size
self.seq_length seq_length
self.is_training = is_training

self.vocab_size = vocab_size

self.hidden_size = hidden_size
self.num_hidden_layers = num_hidden_layers
self.num_attention_heads = num_attention_heads
self.intermediate_size = intermediate_size
self.hidden_act = hidden_act

4. 23 YE AHAE

create_model() |]'||A‘|EE on:lE'ﬂ '?ﬂkl% glg-é.-_l' :C|’_—, BertModel % _*_7|§|'_5|'0:| -_r“éii.“—llif.
MMEl DElo] Z34ZF2 712t embedding, sequence, pooled output S gHetst
1, 8T 2ot of| M E E3 3T(9F LX[SH=X] el Ct.

def create_model(self):

input_ids = BertModelTest.ids_tensor([self.batch_siz
e, self.seq_length], self.vocab_size)

input_mask = BertModelTest.ids_tensor([self.batch_siz
e, self.seq_length], vocab_size=2)

token_type_ids = BertModelTest.ids_tensor([self.batch
_size, self.seq_length], self.type_vocab_size)

config = modeling.BertConfig(vocab_size=self.vocab_si

ze, hidden_size=self.hidden_size, ...)

model = modeling.BertModel(config=config, is_training
=self.is_training, input_ids=input_ids, ...)

outputs = {

"embedding_output": model.get_embedding_output(),
"sequence_output": model.get_sequence_output(),
"pooled_output": model.get_pooled_output(),

"all _encoder_layers": model.get_all_encoder_layer

s(),
¥

return outputs

5. check_output() HIME

O| HME= B £27to| 37|17t SHIEX| HEdt= 7Is2 ™I
embedding_output , sequence_output , pooled_output Ol 0:”@"_‘2 37|§ 7|'X|_T’_ %!Exl gf?_

gfLct.
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def check_output(self, result):
self.parent.assertAllEqual(result["embedding_outpu
t"].shape, [self.batch_size, self.seq_length, self.hidden
size])
self.parent.assertAllEqual(result["sequence_output"].
shape, [self.batch_size, self.seq_length, self.hidden_siz

el)

self.parent.assertAllEqual(result["pooled_output"].sh
ape, [self.batch_size, self.hidden_size])

6. HIAE HIME

test_default() u'”klEE 7|§&||?_| BERT Etél Ac|>'|)ck->|:-'|' E‘”ﬁE% Jé"%{'é'fﬂill
test_config_to_json_string() D'”A'IEE BERT JkE-Ug( BertConfig )% JSON 33&!9% ﬁ
2i5t] 30| XMoo= RX|E|=X B LICH
def test_default(self):
self.run_tester(BertModelTest.BertModelTester (self))

def test_config_to_json_string(self):
config = modeling.BertConfig(vocab_size=99, hidden_si
ze=37)
obj = json.loads(config.to_json_string())
self.assertEqual(obj["vocab_size"], 99)
self.assertEqual(obj["hidden_size"], 37)

7. 7|El R EE2|E| HME

o ids_tensor(): 2HEHS 24O Z LM El Tensors MASHe 2 HIO|EZ AL2EL
C}.

« assert_all_tensors_reachable(): J2iZ Ato| @ E HIAM 7} S0 ZEE 4 Ql
=X| golst= REIZ|E| HIA=QIL|CE.

@classmethod
def ids_tensor(cls, shape, vocab_size, rng=None, name=Non
e):
if rng 1is None:
rng = random.Random()
values = [rng.randint(@, vocab_size - 1) for _ in ran
ge(total_dims)]
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return tf.constant(value=values, dtype=tf.int32, shap
e=shape, name=name)

8. 2&

O| HIAE m2 BERT 22| £ 74 2450| SHIEA| S&5I=X| HEeLICt.
BertModel % EI'%FQ gggg *ng_cl’_l'J_,— |

EX| 2elste] RHO| M2 SESt=X 2RI

optimization.py (E%8} % 7154 HOI0|E B B4E)
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-
C
S me e
optimization.py ]II‘%% BERT E%% -6—-|I-§A|9|7| '?"l-ﬂ' }—|&|I§I' -gl-
LICt. =2 AdamWeightDecayOptimizer 22{AE Edlf ot&
(weight decay)E 2t2|5t11, =& HHAIE (X 3tetL|Ct. K3t learning rate
schedulingXl warmup S2| 7|52 Sl &5 4532 (X etetL|Ct.

4

2. create_optimizer &%
create_optimizer 6.;."—?—5 _6—-!'% —t—’é‘(loss)% 7||.:|_|'9§ Adam -*—l&lﬂ' 7 AE-' S B
w3t SIAE AASUT warmup BAIS Eatetol S S0l SAE0| HAHoR 2

A8t SIFSHEE e RLIC.

i
o

def create_optimizer(loss, init_lr, num_train_steps, num_
warmup_steps, use_tpu):
global_step = tf.train.get_or_create_global_step()
learning_rate = tf.constant(value=init_1r, shape=[], dt
ype=tf.float32)

# SISE0| LHSHH HASEE HF
learning_rate = tf.train.polynomial_decay(
learning_rate,
global_step,
num_train_steps,
end_learning_rate=0.0,
power=1.0,
cycle=False)

F

ok
mjo

# ot& X7/ warmup THAIE HESI StEES FIHCE FIME
if num_warmup_steps:
global_steps_int

warmup_steps_int

tf.cast(global_step, tf.int32)
tf.constant(num_warmup_steps, dtyp

e=tf.1int32)

global_steps_float = tf.cast(global_steps_int, tf.flo
at32)

warmup_steps_float = tf.cast(warmup_steps_int, tf.flo
at32)

warmup_percent_done = global_steps_float / warmup_ste
ps_float

warmup_learning_rate = init_lr * warmup_percent_done
is_warmup = tf.cast(global_steps_int < warmup_steps_i
nt, tf.float32)
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learning_rate = (1.0 - is_warmup) * learning_rate + i
s_warmup * warmup_learning_rate

optimizer = AdamWeightDecayOptimizer(
learning_rate=learning_rate,
weight_decay_rate=0.01,
beta_1=0.9,
beta_2=0.999,
epsilon=1e-6,
exclude_from_weight_decay=["LayerNorm", "bias"])

if use_tpu:
optimizer = tf.contrib.tpu.CrossShardOptimizer (optimi
zer)

tvars = tf.trainable_variables()
grads tf.gradients(loss, tvars)
(grads, _) = tf.clip_by_global_norm(grads, 1.0)

train_op = optimizer.apply_gradients(zip(grads, tvars),
global_step=global_step)

new_global_step = global_step + 1

train_op = tf.group(train_op, [global_step.assign(new_g
lobal_step)])

return train_op

3. AdamWeightDecayOptimizer 2zA

0| 22llA= Adam SE[OIO[X{0f| 7tE X[ Zf2|(weight decay)E F=7tet HAILICH &
B0l Adam SE|OFO|X2t2| X}O|H 2 L2 HASE Sl 7S K E Z2[AI7|= HA0|
Ct=2Ct= FelL|Ch of WAl2 EX HaS0] Cisl] 7H5X| 22 E HESHK| == o<
Ne|g &2 JAELIC

class AdamwWeightDecayOptimizer(tf.train.Optimizer):
def __init__ (self, learning_rate, weight_decay_rate=

0.0, beta_1=0.9, beta_2=0.999, epsilon=1le-6, exclude_from
_weight_decay=None, name="AdamWeightDecayOptimizer"):

super (AdamWeightDecayOptimizer, self).__init__ (Fa
1se, name)

self.learning_rate = learning_rate

self.weight_decay_rate = weight_decay_rate
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self.beta_1 = beta_1

self.beta 2 = beta_2

self.epsilon = epsilon

self.exclude_from_weight_decay = exclude_from_wei
ght_decay

def apply_gradients(self, grads_and_vars, global_step
=None, name=None):
assignments = []
for grad, param in grads_and_vars:
if grad is None or param is None:
continue
param_name = self._get_variable_name(param.na
me)
m = tf.get_variable(name=param_name + "/adam_
m", shape=param.shape.as_list(), dtype=tf.float32, initia
lizer=tf.zeros_initializer())
v = tf.get_variable(name=param_name + "/adam_
v'", shape=param.shape.as_list(), dtype=tf.float32, initia
lizer=tf.zeros_initializer())

# HZFE Adam 2HO|E

next_m = tf.multiply(self.beta_1, m) + tf.mul
tiply(1.0 - self.beta_1, grad)

next_v = tf.multiply(self.beta_2, v) + tf.mul
tiply(1.0 - self.beta_2, tf.square(grad))

update = next_m / (tf.sqrt(next_v) + self.eps
ilon)

if self._do_use_weight_decay(param_name):
update += self.weight_decay_rate * param

update_with_1lr = self.learning_rate * update
next_param = param - update_with_1r
assignments.extend([param.assign(next_param),

m.assign(next_m), v.assign(next_v)])

return tf.group(*assignments, name=name)

4. 0iU°| FQ J|s
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« create_optimizer: &&E TN, warmup, 7tEX| Z4|E Eatst X XM3} 2HS

st g,
o AdamWeightDecayOptimizer: EZ= Adam SE|OI0| X2} CtE2A| L2 HASE
S 7I5KE A2A7|= LA HE.
5. mpelo| ot
O| U2 BERT ZES 2 X = St5A|7|7| 2l B Cheot 2[Hst MEFS HIS

SHLIC}. Adam SEIOOIM 0| 715X 24|19t &S AFAIZY, warmup 22 758 %
7150l melo] W=D oY OR SHAEEE SALICH

ol

optimization_test.py I} 2

m



@
1. o 7le
optimization_test.py ]Il'oelg optimization.py Oﬂkl ngg—lin_l _7_C_|I_-|I§|. 7|%% E'"ﬁE-é-l'
W HAE DHAILICE O] I M= Adam SEIOIO|ME A3t 7HE K|S &[0
otal, 2 BAUE HEo= HIAETL ZYE[N ASLILE O|F S3ll 715 X| H2l2t &

I
zd 9| 2|zt 7|40| MU= ZSot=X| 2elghL|Ct.

rr

Wl |m do

2. optimizationTest SElA

OptimizationTest SMAE r test Testcase E AHEIO0F TensorFlow SZ0|A HAE
Jt M E APt Ct

class OptimizationTest(tf.test.TestCase):

3. test_adam() HIAE

0| HIME= Adam SE|OIO|ME HIAESIY| /ot =2 HAE AHO[ARL|CL JHEX| H
= W EMYSD, &4 S+E28E JiCAEE Albtet 5,
AdamWeightDecayOptimizerE A&l 7t5X|E YOOI EL|Ct. 100 2| |C|0|E
= IHE X7t of| A El Zkat LX|SH=X] 2elgtL|Ct.

def test_adam(self):
with self.test_session() as sess:
w = tf.get_variable(
'
shape=[3],
initializer=tf.constant_initializer([0.1, -0O.
2, -0.11))
x = tf.constant([0.4, 0.2, -0.5])
loss = tf.reduce_mean(tf.square(x - w))
tvars = tf.trainable_variables()
grads = tf.gradients(loss, tvars)
global_step = tf.train.get_or_create_global_step
()
optimizer = optimization.AdamWeightDecayOptimizer
(learning_rate=0.2)
train_op = optimizer.apply_gradients(zip(grads, t
vars), global_step)
init_op = tf.group(tf.global_variables_initialize
r(),

tf.local_variables_initializer

()



sess.run(init_op)
for _ in range(100):
sess.run(train_op)
w_np = sess.run(w)
self.assertAllClose(w_np.flat, [0.4, 0.2, -0.5],
rtol=1e-2, atol=1le-2)
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4. 2@ LW 100 =2H S Sl 7H5 X7t YOO EELICEH

5. 45 7IEX|7} £ SHOZE (9.4, 0.2

1

-0.5) Off ZESEX| 2hIRfLILY,

4. EE

OI E'”ﬁE ]1|'°EIS optimization.py °| Adam %E|D|-O|X-|7|- I"Q'E!QE 75,"%'5|'EX| §!‘&|
Sh= Ol AFZELICE 7HEA| HO|0|E S &4 gto| 2ASE Sl XXty 4352
E sUEJ=X| HESHH, 0|F Sl B 2H0| & TAHE|=X| =ele o+ JUELICH

13



