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Introduction. Recently models based on BERT (Bidirectional Encoder
Representations from Transformers) [1] significantly improved the results for many
natural language processing tasks, including joint intent classification and slot
labeling [2]. Further developments in this area focus on improving models accuracy
via using different approaches to BERT implementation (e.g. ALBERT[3] or
Distil BERT[4]).

On the other hand, there is a set of existing methods for solving same tasks using
recurrent neural networks (RNN). While they are mostly become overshadowed by
more recent approaches, they can still provide valuable insights to BERT-based
models” improvement if applied correctly. One of such methods is the usage of slot-
gated units [5], which was state-of-the-art before BERT appeared.

The goal of intent classification task is to find an intent — class — for provided
utterance, while for slot filling task labels should be assigned to the words from an
utterance. Therefore, joint task focuses on solving both subtasks simultaneously for the
same utterance. The most common applications of this to practical tasks are chat-bots
and voice assistants.

When applied to joint intent classification and sloi labeling task, gate unit allows

to interconnect slot-labeling module with the output of intent classificatory. The
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motivation for this is that slot labels may depend on user’s intent and so it can be used
as a feature for slot labels classifier [5].

We propose a modified version of slot-gated unit which can be used as a final
layer of BERT-based model and demonstrate that the usage of this unit allows to
improve model’s performance on ATIS and SNIPS datasets.

Proposed model. Original slot-gated unit cannot be applied directly to an output
of BERT as it operates with RNN-specific hidden states and separate attention values,
while in Transformer (internal architecture of BERT) [6] attention values are already
included in hidden state. Moreover, outputs of BERT operate in different
dimensionality, so unit should use matrix calculus internally.

The proposed version of slot-gate unit is defined as:

g :Z:-Iv-mnh[h, + Wyhy)

Fi(L) = softmax(hygW, + b )i= 1 ...n

(i)

wihere:

fry — o fow [CLS] class token,

fy, — owtput for inpur token with index i
Wy, Wy, — learnable weight matrices,

v — learnable weight vector,

g — intent-slat relation coefficient,

by — learnable kas,

sof tmax — mairix form of soffmax fimcrion.

This unit was incorporated in current state-of-the-art model for joint intent
classification and slot labeling [2] as the replacement of linear softmax layer for slot
labeling there. As that model experiments with conditional random field (CRF) usage
we included them in our model too.

Experiments and analysis. We evaluated models’ performance on standard
benchmark dataset ATIS using following configurations:

~ Joint BERT;

loint BERT + CRF;
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— Joint BERT + SlotGate:

— Joint BERT + SlotGate + CRF.

The results (table 1) show that when used in combination with CRF classifier
model with slot-gate unit overperforms existing models by overall sentence accuracy

metric but is inferior on separate subtasks.

Table 1
Muodels performance comparison

Mode] Intent accuracy Slot F1 Sentence

ACCUTECY
Joint BERT 0.7 0955 0875
Joant BERT + CRF 04973 0540 0578
Jomt BERT + Slot(Gate 04972 0.956 0877
Joint BERT + SlotGate + CRF 04974 0956 08310

|ereated by auwthor]

Conclusion. We propose an application of a modified version of slot-gated umt
to BERT-based model for solving joint intent classification and slot labeling tasks.
Experiments show that such usage of slot-gated unit allows to improve overall score
on a sentence level. On subtask level original Joint BERT models outperform it, so it
is applicable only for joint tasks. Further work includes evaluating this technic on other
datasets for joint tasks and with optimized BERT models — for example, ALBERT and
DistilBERT.
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I[HPOPMaLLiA NPO AOCAIAHKEHHS

Merta gocnigeHHa — po3pobKa anropuTmy ANsA OTPUMAHHA 3 TEKCTY
NPUPOLHOI MOBOK AAHMX, WO HeObXiAHI ANA 3aN0BHEHHA 3a4aH0T popmu.

O6’ekT gocnigKeHHA — MeETOAM aHaNi3y NPUPOAHLOT MOBM.

MNpeamert pocnigeHHAa — MeToau 3anoBHEHHA GOPM AaHMMMU 3 TEKCTY
NPUPOAHOI MOBOIO.
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[locTaHOBKa 3a4aui

1. [ocniguTu icHytoui nigxoan Ao 3aaadi 3anoBHeHHA GOPM Y 3aCTOCYBaHHI 40
yaT-60TiB. BXiAHUMKM AaHMMMK 334a4i € NOBIAOMNEHHA KOPUCTYBaYa
NPMPOAHOI MOBOK Y A0BIABHOMY GOPMaTI, BUXiAHUMK — TUN GOPMU, AKY
HeobXig4HO 3aN0BHUTK, Ta AaHIi, AKWMU BOHA Ma€E DyTM 3anoBHeHa.

2. Po3pobutn mogens, Wwo Ao3sonuna 6 po3s’a3yBaTv 33434y 3aN0OBHEHHS
$opM 3 BINbLLIOK TOYHICTIO HiXK ICHYIHOYI MeTOoAM Ha 3a4aHKX Habopax faHuX.

3. lMposecTu gocnigeHHA BNAUBY BHYTPILHIX napameTpis mogeni Ta
KOMMOHEHTIB, WO B Hi 3aCTOCOBYIOTLCA, HA METPUKM ii poboTu.

3a4a4a 3anoBHEHHA GOPM

[ei okpemi nigzagadi 0O6’egHaHa 3apaya

Hamip kopucTyBaua Mapryeanua cnorie Hami MaprysanHAa cnoTis
ANA cnie y pedeHHi amip kopucTysaua ANA cniB y pedeHHi

[y Fy A b

Mogens
knacudikauii Hamipy

Mogenb mapryBaHHA
cnotis

Ob'eaHana Mogenn

BxiaHe peueHHA BxiaHe peueHHA
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Peanizauia moaeni

A

LECID IR0 M3pHYEBaHb CNiB PEYeHHA
F Y A

O PyTorch

BERT

Transformer

Transformers

BxigHe peyeHHA '

ObpobKa BXiAHMX AAHUX

BxiaHe peyeHHA C My dog is cute. He likes playing. )

A4
- NI IEENEEENE
A

MpepcraBneHHA
TOKeHiB

npeﬂnaM?HHB “ = “ “ “ @ . . . . .
CermeHTIB

MpeacTagneHHa
nosmuii

MaTpMua NpeAcTaBneHHn BXIAHOTO peyeHHa

Es)  Emy  Esg  Es  Eaee Err)  Ede  Eks  Epay  Ewig  Eisn

3aCHOBaHO Ha J:
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LLlap mapKyBaHb CNOTIB

MonuBi KoHirypauii wapy:
* JliHinHni softmax wap — Baseline
* NiHinHnia CRF wap — CRF
* Softmax wap 3 BeHTUALHUM By310M — SlotGate
* CRF wap 3 BeHTUAbHMM By3nom — SlotGate+CRF

Habop aaHux ATIS

* Bcboro pedeHb: 5871
* Kinbkictb Hamipise: 21

* KinbkicTb MapKyBaHb cnotis: 120

MpuKknaa:

<atis_flight> What are the flights from Tacoma to San Jose on Wednesday the nineteenth?

B-fromloc.city_name ‘ B-depart_date.day_name ‘

‘ B-toloc.city_name H I-toloc.city_name ‘ |B-depart7date.day7numher |
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MeTpunKn poboTr PI3HNUX apXITEKTYP

HaGip ApXiTexTypa TogHiCTE Mertpuxa F1 TounicTE Yac Uac nepenGadeHHs.
TAHHX HAMIpy JUI CTOTIB | J7M% PeTeHHT | HABIAHHST, XB c
Baseline 0.978 0.955 0.875 1.835 6.120
CRF 0.973 0.960 0.878 2.320 10.986
ATIS
SlotGate 0.972 0.956 0.877 2.151 7.050
SlotGate+CRF 0.974 0.956 0.880 2.618 11.203
Baseline 0.984 0.962 0.919 4.423 4.720
CRF 0.984 0.959 0.911 7.272 8.851
SNIPS
SlotGate 0.983 0.962 0.919 6.620 5.138
SlotGate+CRF 0.984 0.963 0.920 7.513 9.437

Habop gaHux SNIPS

* Bcboro pedenb: 14,484
*  Kinbkictb Hamipig: 7

* KinbKicTb MapKyBaHb cnoTis: 72

MpuKknaa:
<GetWeather>Will it be humid in Beedeville on November 207?

\

B-conditionidescriptiun‘ |B-ciw‘ ‘ B-timeRange | | I-timeRange
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HanalwTyBaHHA moaen

Loss = a X Loss; + § X Lossy, k = p
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MeTpukm poboTn pisHnx moaenen BERT

Habip BazoBa MonIeTs Tounicts | MetpHrka | TodHicTB Uac Uac Di3HIHHH
JIAHHX HaMIpy F1 nma ana HABYAHHA, | Hepen0adeHHI. C po3uip. MB
CIOTIB peveHHA XB
BERT 0.978 0.955 0.875 1.835 6.120 418.112
ATIS | ALBERT 0.976 0.956 0.879 2.384 7.013 655.370
DistilBERT 0.973 0.951 0.865 0.957 3.542 253.602
BERT 0.984 0.962 0.919 4423 4.720 420.400
SNIPS | ALBERT 0.984 0.965 0.922 5.758 5.631 656.120
DistilBERT 0.981 0.960 0.906 2.571 2.504 253.535
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BUCHOBKM

B pesynbTaTti gaHoi poboT pospobnaeHo modensb ANA BUpilleHHA 3a4a4di 3anoBHEeHHA
¢$bopM Ha OCHOBI TEKCTY NpUpOAHBOK MOBOK. BoHa 6asyeTbca Ha HelipomepeKesiit
mogeni npupogHboi mosu BERT i go3sonse nepegbaqysaTv Hamip KOpucTyBada Ta
napameTpu (cnoea abo cnosocnony4veHHa), WO BiANOBIAAOTL LbOMY Hamipy.

MoganbluMin po3BUTOK AaHOl poboT MoXKe 34iMCHIOBATUCA Y AEKiNbKOX HanpAMKax:
° AganTauis moaesi 40 BUKOPUCTAHHA 3 iHWMMM MoBamu (y TOMY YMCAi 338 paxyHOK
baratomosHoi moaeni BERT)

= NocnigxeHHA poboTu mogeni Ha Binblu cknagHux Habopax gaHuX, Y TOMY YMchi

TakuX, Wo noTpebyoTb NiATPUMYBATU NOCAIAOBHICTE 3 AEKINbKOX peyeHb 3i

36epeKeHHAM KOHTEKCTY

> PoswmnpeHHa 633080l 3ag4a4i Ha BUNaaKK, Konu AaHi popmu HeobxigHo 4o4aTKOBO
NepeTBoOPOBaTH Y iHWKWIA — MAaLWWMHHKWIA — dopmaT (Hanpukaaa, A8 AaTv Ta vacy)

s
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JIOJIATOK B

Biaryx

XAPKIBCHKMH HAIIIOHAJIbHUIM YHIBEPCUTET PAJIIOEJIEKTPOHIKH
@akyabTET KOMI'FOTEPHUX HAYK

BIT'YK

Ha aTecTarliiny poOoTy MaricTpa
3aeBa Anapis Onekcanaposuya, [113m-18-1
crietiayibHICTh 121 — [HKeHepis nporpaMHOro 3ade3neueHHs
OCBITHBO-HAYKOBa Mnporpama «IHxxeHepis mporpaMHoro 3a0e3neyeHH
Tewma atecTartiitnoi po6otu «JlocaiKeHHsI METO/IIB aHalli3y MPUPOAHBOT MOBH JIJIs
3anoBHEHHS (OpM B yaT-00Tax»

Crynent 3aeB A.O. BUKOHYBaB aTecTalliiiHy poOOTy MaricTpa MpOTIroM IBOX
POKIB, AOCHIPKYBaB METOJM aHalI3y MNPUPOJHOI MOBU Ta aApPXITEKTYpPY TEKCTOBUX
ACUCTEHTIB (4aT-00TIB).

B po6oti 3aeB A.O. caMOCTIHHO BMKOHAB aHal3 ICHYIOUMX METO[IB AHAJI3Y
IPUPOAHOI MOBH, OI[IHKM IMEHOBAaHUX CYTHOCTEW, BU3HAYEHHS KJIKOYOBOI 1H(MOopMmaIlii,
MPOJIEMOHCTPYBaB BHCOKHMWA pIBEHb MIATOTOBJICHOCTI JO CaMOCTIHHOI po0oTH,
BUKOPHCTOBYBAaB METOAM HAYKOBHX JOCIHIDKEHb, IOKAa3aB YMIHHS KOPUCTYBAaTHCS
HAyKOBO-TEXHIYHOIO JIITEPaTyporo, pecypcaMu Mepexi IHTepHEeT, BUSBHUB TIHUOOKI
3HaHHS B 00JIACTI ajnropuTMi3allii Ta MOB mporpamyBaHHs. PoOoTa BHUKOHaHA SIKICHO,
CaMOCTIMHO, T Yac JOCIHIKEHHS Ta PO3POOKH CTYJEHT TMOKa3aB 3HAHHS Ta BMIHHS
BUKOPHCTOBYBATH CY4acHI IHCTPYMEHTH MAIllMHHOTO HaBYaHHSI.

B xoxa1 po6oTtu OyIio mpoaHanizoBaHO CydacHI MIAXOAM SK A0 aHai3y MPUPOIHOI
MOBH Y IIJIOMY, TaK 1 JI0 BUPIIICHHS KOHKPETHOI 3ajadi 3amoBHEHHs (opm 30Kpema,
PO3p00JICHO YIOCKOHAJIGHY MOJICb JIJIs pO3B’si3aHHs 00’ €qHaHO1 3aa4l Kiacudikarrii
HaMipy Ta MapKyBaHHs CJIOTIB Ha OCHOBI CHHTE3y €JIEMEHTIB ICHYIOUMX MOJEJICH, sIKi
paHilie CyMICHO HE BUKOPUCTOBYBAJIUCS.

Marictpaat tp. II13M-18-1 3aeB A.O. TOTOBHI 10 CaMOCTIHHOI 1HXEHEPHOI
JUSIBHOCTI. ATecTaniiiny poOoTy MokHa mojatu 1o 3axucty B EK 3a cnemiajibHiCTIO
121-«InxeHepis mTporpaMHOro 3a0e3nedyeHHs», OCBITHbO-HAYKOBOK MPOrPaMolo
«IHX)eHnepist porpaMHOro 3a0e3neYeHHs .
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