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TOM TAT— Phat hién ¥ dinh 13 mot thanh phin c6t 16i trong cic hé théng twong tic nguwdi-mdy va ngudi-robot, quyét dinh
kha ning hiéu dung yéu ciu va phan hoi phtt hop. Nghién cru nay thwc hién so sanh c6 hé théng b6n nhém phwong phap cho
bai toan phan loai y dinh gdbm hoc may truyén théng, hoc sau, Transformer va mé hinh ngdn ngit 16n dwa trén ki thuat loi nhic.
Thwc nghiém dwoc tién hanh trén bo dit liéu HRI gom 8.453 ciu v&i 6 nhan y dinh, chia dit liéu theo ty 1 80% huin luyén, 10%
kiém dinh va 10% kiém tra, dong thdi gitt cdn bang ty 18 1ép gitta cAc tap. Trén tap kiém tra 10%, BERT-large dat d6 chinh xac
0,9882 va F1 macro 0,9881; Llama 3.1 8B huin luyén thich nghi nhe dat dd chinh x4c 0,9882 va F1 macro 0,9877; RoBERTa-
base dat d6 chinh xac 0,9764 va F1 macro 0,9743. Trong khi d6, cic mé hinh nhe hon cé mitc hiéu ning thap hon nhung dé
trién khai, v&i Naive Bayes két hop TF-IDF dat d6 chinh xac 0,8664, TextCNN dat 0,8180 va BiLSTM dat 0,6738. D&i véi nhom
md hinh ngdn ngit 16n str dung prompting, nghién ctiru danh gia sau bién thé nhic 1énh trén mot tip con ¢d dinh gdm 200 miu
tir tAp ki€m tra nhdm kiém soat chi phi suy luan, qua d6 1am ré danh ddi giita hiéu suit, chi phi tinh toan, d6 phtc tap trién
khai va kha ning t6ng quat héa. K&t qua cho thdy Transformer fine-tuning va huin luyén thich nghi nhe cho hiéu ning cao
nhit, trong khi prompting phtt hop khi cin trién khai nhanh hodc khai thac kha ning zero-shot trong cac kich ban c6 rang budc
vé dir liéu huén luyén.

Tw khéa— Intent Classification, Human-Robot Interaction, Transformer, Large Language Models, Prompting

I. GIOI THIEU

A. BOI CANH NGHIEN CU'U

Trong cic hé thdng twong tic ngwdi-may (Human-Machine Interaction) va dic biét 1a twong tic ngwdi-robot
(Human-Robot Interaction - HRI), viéc hiéu dung y dinh ctia nguoi dung la diéu kién tién quyét dé hé théng co
thé dwa ra phan héi phu hop, kip thoi va tw nhién. Khac véi cac bai toan xi Iy ngdn ngit truyén thong nhw phin
loai cht dé hay phéan tich cam xtc, phat hién y dinh thwdng doi hoi moé hinh khéng chi nhén dién cac tir khoéa bé
mat ma con phai suy ludn dwoc muc tiéu giao tiép 4n sau phat ngén clia nguei dung [1]. Diéu nay tré nén dic biét
quan trong trong b6i canh HRI, noi cic twong tac thwong mang tinh ngin gon, khéng day du ngit canh va chiu anh
hwdng manh tir ngén ngit doi thwong [2].

Trong giai doan d4u, cic phwong phap hoc mdy truyén théng dwa trén dic trung thi cdng va cac gia dinh thdng
ké don giadn da dwoc sir dung rong rii nho tinh dé trién khai va chi phi thip. Tuy nhién, cdc phwong phap nay
thwong gip han ché trong viéc nim bit ngit cAnh dai han va cic quan hé ngit nghia phirc tap. Sw phat trién ctia hoc
siu d3 mé& ra kha ning tw dong hoc biéu dién tir dit liéu [3], trong d6 cac md hinh tuln tw nhw LSTM va cac kién
tric convolution cho vin ban da cai thién dang ké kha nang trich xuit dic trung ngit nghia.

Gan day, su ra doi cia cdc md hinh dwa trén Transformer va dic biét 1a cdc md hinh ngdn ngitr 1én da tao ra mot
bwéc ngodt quan trong. Cic mo hinh nay khong chi dat hiéu suit cao thdng qua tinh chinh ma con cho phép giai
quyét bai toan phat hién y dinh trong ché do zero-shot hodc few-shot thdng qua ki thuat 1&i nhic (prompting)[1].
Tuy nhién, viéc lwa chon phwong phap pht hgp cho mot hé thdng HRI cu thé van 1a mot cAu hdi mé, doi héi phai
xem xét dong thoi nhiéu yéu t6 ngoai do chinh xac, bao gom chi phi tinh toan, do tré, kha ning giai thich va tinh
bén virng khi trién khai 1au dai.

B. MUC TIEU NGHIEN CU’U

XuAt phat tir cic vin dé néu trén, nghién cru nay dit ra ba muc tiéu chinh. Thi nhit, tién hanh so sdnh mot cach
toan dién cac nhém phwong phap phat hién y dinh tir co ban dén hién dai, nhdm déng gép mot cai nhin téng thé
vé kha nang cua tirng phwong phap, tir 46 gép phian tham khao va danh gia huwéng di tiém nidng cho bai toan phat
hién y dinh, vi vén di viéc c6 tap dit liéu thuc t€ hoan toan cin bdng 1a khong kha thi nén ching tbi danh gia cao
thang do F1 & cac thwc nghiém trong nghién ciru nay. Thir hai, danh gia tiém ning cia cdc mé hinh ngén ngi 16n
trong boi canh phat hién y dinh, dic biét 1a kha ning prompting, viéc nay mang lai hiéu qua tiép can cho doc gia
c6 thé suy xét huéng di trong nghién cttu hai hwéng promting - fine-tuning. Cudi cting, nghién ctru phan tich cac
danh d6i gitra hiéu sudt, chi phi va do phtrc tap trién khai, tir d6 cung cip cac goi y thuc tién cho viéc lwa chon
phwong phap trong cac kich ban HRI khac nhau.

Phin con lai clia bai bdo dwegc trinh bay nhw sau: Muc II gi¢i thiéu vé cac nghién ctru lién quan; muc III trinh bay
tap dit liéu va phwong phap chiing téi danh gia. O muc IV chiing tdi sé trinh by vé cac mo hinh, phwong phap thuc
nghiém trong nghién ctru. Két qua cla qua trinh thwc nghiém sé dworc trinh bay, giai thich va thdo luin & phan V
va cudi cung l1a phan VI két luin.
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II. CAC NGHIEN CU’U LIEN QUAN

Trong ngit canh twong tic ngwoi-may (Human-Machine Interaction - HMI) va twong tac ngwoi-robot (Human-
Robot Interaction - HRI), viéc xac dinh ¥ dinh clla ngu¢i dung tir ngdén ngit tw nhién la yéu té then chét d€ dam
bdo hé théng hoat ddong hiéu qua va an toan. Qua trinh phat trién cta linh virc nay da trai qua sw chuyén dich manh
mé tir cic mo hinh théng ké truyén théng dén céc kién tric hoc sdu (Deep Learning) va gan diy nhit 1a cac mo
hinh ngon ngir 1én (Large Language Models - LLMs).

A. CAC PHUONG PHAP HOC MAY TRUYEN THONG

Cac nghién cru ban dau trong HRI thwong dua trén hoc may truyén théng, st dung cac dic trung thi cong nhw
TF-IDF két hgp v&i cic bo phén loai nhw Naive Bayes hodc Support Vector Machine (SVM). Vi du, Gervits et al. [4]
da xy dwng hé théng déi thoai HRI str dung bd phan loai théng ké v&i tap dit liéu hudn luyén han ché cho méi ngit
canh. Mdc du cac phwong phéap nay c6 wu diém vé téc d6 tinh todn va yéu ciu tai nguyén thip, ching thwong boc
16 han ché khi xtt 1y di liéu d4u vao c6 tinh da dang cao hoic chira nhiéu nhiéu.

B. SU’ TROI DAY CUA HOC SAU VA PA PHUONG THU'C
Sw ra doi cia mang no-ron hoi ti€p (RNN) nhw LSTM, GRU va mang tich chap (CNN) da cho phép hé thdng tw déng
hoc cac dic trung nglr canh va tuin tu.

Trong bdi canh HRI, cac kién tric lai gitta LSTM va Transformer ciing dwgc tng dung d€ dw doan y dinh chuyén
dong. Mathew et al. [5] da dat do chinh xac trén 98% trong bai todn phan loai 16 nhin bang cich két hop thong
tin ngdn ngtt véi dit liéu hinh 4&nh méi trwdng, dic biét hitu ich cho cac robot hd tro ngudri khuyét tat.

C. TRANSFORMER VA MO HINH NGON NGU’ LON (LLMS)

Sw xudt hién ctia kién tric Transformer va cic mo hinh tién huin luyén nhw BERT hay RoBERTa da thiét 1ap nhirng
tiéu chudn m&i trong viéc hiéu ngir cadnh ngdn ngit phong phd. Hién nay, xu hwéng nghién cttu chuyén dich sang
viéc tinh chinh tham sé hiéu qua (Parameter-Efficient Fine-Tuning - PEFT) cho cac LLM [2].

K§ thuit Low-Rank Adaptation (LoRA) 1a mot minh chirng dién hinh, cho phép t6i wu héa LLM v&i tai nguyén tinh
toan thip nhwng vin ddm bao hiéu suit. Phwong phap MIDLM cda Yin et al. [6] d4 ing dung LoRA dé€ tinh chinh
mo hinh ngdn ngir 16mn hai chiéu cho bai toan phat hién da y dinh. Viéc tng dung LLM tinh chinh bdng LoRA dic
biét phit hgp véi HRI nhér kha ning cin bang giita sttc manh tinh todn va tinh linh hoat cta robot.

D. PHUO'NG PHAP PROMPTING VA HOC IT MAU (FEW-SHOT LEARNING)
Song song v&i viéc tinh chinh, cic chién lwgc Prompting dang tré thanh mot hwéng di tiém ning. Thay vi huin
luyén lai mang, ngudi ta str dung mo ta y dinh bang ngén ngit tw nhién dé hwéng din mé hinh.

Zero-shot Learning: Hong et al. [7] chirng minh rdng mé hinh FLAN-T5 c6 kha niang phan loai cac y dinh chwa tirng
xudt hién trong qué trinh huin luyén thong qua cac mo ta chi tiét.

Few-shot va Chain-of-Thought: Parikh et al. [8] d khéo sat cAc ky thuat trén LLM va chi ra rdng phwong phap T-
Few trén cAc md hinh dwoc hudn luyén theo dang chi dan (Instruct-tuned) dat hiéu qua t&i wu ngay ca khi chi c6
mdt mau huin luyén duy nhit. Cac chién lwgc nhw chubi suy luan (Chain-of-Thought) ciing gitip cai thién kha ning
giai thich va suy luin cho robot trong cac tac vu phitrc tap.

Qua trinh tién hoéa ctia cadc phwong phdp nhian dang y dinh trong HRI tir hoc mdy c¢6 dién dén LLM da md ra kha
ndng twong tic tw nhién va an toan hon. Trong khi cAc mé hinh truyén théng van gitr wu thé vé d gon nhe, cac
ti€p cdn dwa trén LLM va Prompting mang lai khi ning thich nghi manh mé trong diéu kién dit liéu han ché
(Zero/Few-shot). D6i véi cac hé thdng HRI hién dai, viéc tich hop kha ning hiéu ngdn ngit sdu réong ctia LLM véi
cac ky thuat t8i wu hoa tham sé 1a hwéng di then chdt dé robots c6 thé hoat dong linh hoat trong mdi trwedng thue
té. Tr d6 nghién ctru chia chiing tdi mang dén cai nhin tdng quan hon, gitp ngudi doc cé thé nhin ré dwgc muc dich
va tinh linh hoat ctia tirng phwong phap nhiam gidp lwa chon hwéng di phtt hgp véi diém manh nghién ctu cla
minh.

I1I. TAP DU LIEU THU’C NGHIEM VA PHUONG PHAP PANH GIA

A. TAP DU’ LIEU

Tap dit liéu dwoc stt dung trong nghién ctru nay dwoc xy dung cho bai toan phat hién y dinh trong béi canh twong
tac ngudi-may, véi dinh hwéng ban dau 12 ho tro cac hé thong twong tac xa hoi, dic biét 1a robot dich vu va trg' ly
0. Dit liéu bao gobm téng cong 8.453 cau vin ban ngin chia thanh 6 16p, mdi cau twong tng véi mot phat ngén doc
14p cta nguoi dung va dwoc gdn mot nhan y dinh duy nhét.
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Hinh 1. Phén phéi s6 lwong giira cdc I6p trong tdp div liéu

Vé mat ciu tric, tip dir liéu dwoc lvu triv dwdi dinh dang CSV véi hai treong chinh: (i) cAu ddu vao (Sentence) va
(ii) nhin y dinh (Intent_label). Thiét ké t6i gidn nay phan 4nh mot kich ban thuc t€ phé bién trong cac hé thdng
HRI, noi mo6 hinh cin dwa ra quyét dinh nhanh chéng dwa trén mdt phat ngén don 1€, khéng kém theo thong tin
hdi thoai trwdc d6 hay cac nhin slot chi tiét.

Tap dir liéu bao gobm sdu 1&p y dinh chinh, dai dién cho cac chi dé sinh hoat thwéng ngay nhw thi cwng, thwe pham,
nghé nghiép, s& thich, thé thao va do udng, tuy cé s mit can bing nhe & 1¢p job va food cao hon so véi mat bing
chung nhung ching t6i vin quyét dinh khong xt 1i manh tay ma chi diat mirc cAn bing trong sé (class weight) trén
2 1ép nay nhe & mirc 0.7 dé van thir thich mic d6 hiéu ctia m6 hinh.

Nguon dir liéu dwoc tong hop chi yéu tir Wikipedia va cadc ngudn cong khai khac. Do d6, cac ciu trong tip dir liéu
c6 xu hwdng mang tinh mo ta, dinh nghia hodc cung cip théng tin téng quat. Pac diém nay vira mang lai lgi thé vé
do ré rang ngiv nghia, vira tiém 4n nguy co thién léch vé phong cach ngdn ngtt so véi cic hoi thoai tw nhién, mot
yéu t6 can duoc can nhic khi dién giai két qua thwe nghiém.

B. CACLOP Y PINH VA PAC PIEM NGU’ NGHIA

Cac 16p y dinh trong tap dit liéu dwoc thiét ké sao cho phdn dnh cic mién ndi dung quen thudc trong twong tac
nguoi-robot. Tuy nhién, ranh gidi gitra cac 1&p khdng hoan toan tach biét, do ton tai mc do6 chong 1an ngit nghia
nhit dinh. Vi duy, cic phat ngdn lién quan dén d6 udng cé thé dong thoi mang dic trueng cia thwe phdm, trong khi
cac phat ngén vé s thich co thé giao thoa véi thé thao hodc nghé nghiép.

Sw chong 14n nay tao ra mdt bai toan phin loai mang tinh thwc t&€ hon, budc mo hinh khong chi dwa vao cac tir khoa
b& mi3t ma con phai hoc dwgc biéu dién ngit nghia sdu hon dé phan biét muc tiéu giao tiép chinh ctia ngudi dung.
Do d6, tap dit liéu dic biét phit hgp d€ danh gia kha ning hiéu ngit canh va suy luan ngit nghia ctia cic mé hinh
hién dai, bao gdbm cac kién triic dwa trén Transformer va cdc mo hinh ngén ngir 1n.

C. CHIA DU LIEU DU’ LIEU THU’C NGHIEM
Dit liéu dwoc chia thanh cac tAp huin luyén (80%), kiém dinh (10%) va kiém tra (10%) theo chién lwgc 14y mau
phan ting nhdm duy tri phan bé 1¢p nhit quan gitra cac tap. Mot tp kiém tra cd dinh 10% mAiu dugc st dung
xuyén sudt toan bd qua trinh danh gia cho phwong phép fine-tuning, ddm bao ring moi phwong phap déu dwoc
so sanh trén cing mot tap dir liéu dau vao.

O phan thuc nghiém prompting chi dwoc thwe hién trén 200 mAu cta 10% tap kiém tra di dung cho phwong phap
fine-tuning, diéu nay sé gidp cho viéc danh gia dwoc sttc manh ctia cic ki thuit prompting nhwng ciing khéng qua
nang van dé vé chi phi vn hanh.

Cach chia nay gitip gidm thi€u 4nh hwéng cta yéu t6 ngiu nhién trong qua trinh huin luyén va cho phép rut ra cac
két luan so sanh c6 dd tin ciy cao hon. Pong thoi, viée gitr nguyén giao thirc thwe nghiém cho tit ca cdc mo hinh
cling gép phén 1am rd vai tro cia kién tric va phwong phép ti€p cin, thay vi cac khéc biét do tién xtt Iy hay chia di
liéu.

D. HAM Y VA GIO'T HAN CUA TAP DU LIEU

Maic du tAp di liéu cung cAp mdt nén tang phi hop dé so sanh cac phwong phap phat hién y dinh, van ton tai mot
s6 gi¢i han cin dwoc lwu . Thé nhit, cac ciu van ban chi yéu 1a phat ngén don 1é, khong phan anh day da ngir
canh hdi thoai nhiéu lwot thwong gap trong HRI. Thit hai, phong cach ngdn ngir mang tinh mo6 ta c¢6 thé khién mot
s6 mé hinh dat hiéu suit cao hon so véi khi trién khai trong moi truedng hoi thoai tw nhién.
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Tuy nhién, chinh nhitrng dic di€ém nay ciing khién tip dir liéu tré thanh mot bai todn chuin héa hiru ich, cho phép
danh gia twong d6i cong bing kha ning biéu dién ngit nghia va phan loai cia cAc mé hinh khac nhau trwéc khi mé
rong sang cac kich ban phirc tap hon.

E. PHUONG PHAP PANH GIA

Trong bai toan phén loai y dinh, bon thang do Accuracy, Precision, Recall va F1-score dwgc dung d€ phan anh hiéu
ning & cac goc nhin khac nhau. Accuracy do ty 1& dw do4n dung trén toan bd mau, vi vy truc quan nhung cé thé
“dep gid” khi dit liéu 1éch 1ép hodc khi mot s6 16p dé& hon cac 16p con lai. P& nhin sau hon theo tirng 16p, ta xét
Precision va Recall theo cach “mdi 16p so v&i phan con lai” (one-vs-rest), véi cac khai niém: TP (ddng dwong) la
s6 mau thudc 16p d6 va du doan dung; FP (dwong gid) 1a s6 mAu khong thudc 1é6p dé6 nhung bi dw dodn nham vao
16p d6; FN (Am gia) 1a s6 mAu thudc 1ép d6 nhung bi dw doan sang 16p khac. Khi dé, precision phan 4nh “méi khi
mo hinh dy doan vao mot 1¢p thi dang tin d&€n dau” (it mau 4m dung), con recall phan anh “m6 hinh c6 bé so6t
nhigu mau cta lép d6 khong” (it FN). F1-score 1a trung binh diéu hoa gitta precision va recall, gitp can bang hai
xu hwéng “dw dodn qua tay” (Precision thip) va “bé s6t” (Recall thdp). Trong nghién ctu nay, cic chi s6 dwoc bao
c4o & dang macro bang cach tinh theo tirng 16p roi 14y trung binh, nhdm ddm bao méi 1&p duwgc xem trong nhw
nhau.

1. ACCURACY
TP+ TN

A =
CoUrasy = Tpf TN+ FP+ FN

2. PRECISION

o TP
Precision = TP+ FP
3. RECALL
TP
Recall = TP + FN
4. F1-SCORE

Precision * Recall
F1_score = 2*

Precision + Recall
IV. CAC PHUO'NG PHAP THU'C NGHIEM

A. HOC MAY TRUYEN THONG (TRADITIONAL MACHINE LEARNING)

1. MULTINOMIAL NAIVE BAYES KET HQ'P TF-IDF

Phuwong phap Multinomial Naive Bayes két hop vé&i biéu dién TF-IDF dwoc stt dung nhw mét baseline tiéu chuan
cho bai todn phén loai van ban. Mé hinh nay dwa trén gid dinh doc 1ap diéu kién gitra cac dic treng, cho phép wéc
lwgng xac sudt mot cach hiéu qua ngay ca khi s6 lwong dic trung 16n. Mic du gia dinh nay khong hoan toan phu
hop véi ngdn ngit tw nhién, phwong phap van thuwdong cho két qua 6n dinh trong cac tap dit liéu vin ban ngin,
ddng thoi c6 wu diém vé téc do hudn luyén va kha ning dién giai.

Siéu tham sd trong thwc nghiém: ngram_range (1,2), max_features 50k, min_df=2, alpha=0.5.

B. HOC SAU (DEEP LEARNING)

1. BIDIRECTIONAL LSTM

Mo hinh Bidirectional LSTM dwoc 4p dung nham khai thac thong tin ngit canh theo ca hai chiéu ctia chudi vin ban.
Béng cach xir Iy chudi tir trai sang phai va tir phai sang trai, mé hinh c6 kha ning ndm bt cic phu thudc dai han
ma cac phwong phap dwa trén bag-of-words khong thé biéu dién. Tuy nhién, hiéu qua ctia mé hinh phu thudc dang
ké vao kich thwéc dir liéu va viéc diéu chinh cac siéu tham sé.

Siéu tham s6 trong thwc nghiém: embedding dim=128; hidden_dim=128; num_layers=1; bidirectional;
dropout=0.3; max_len=64; vocab_size<50,000; min_word freq=_2; batch_size=32; Ir=1e-3; optimizer=Adam;
loss=CrossEntropyl.oss; epochs=10; early stopping patience=3.

2. TEXTCNN

TextCNN st dung cac bd loc convolution véi nhiéu kich thwéc khac nhau dé trich xudt cic miu n-gram cuc bd
trong van ban. Cach tiép can nay dic biét phlt hop véi cac cAu ngén, noi cac cum tir ngdn mang nhiéu thong tin
ngit nghia quan trong. So v&i cdc mo hinh tuin tw, TextCNN thwdng c6 ciu tric don gian hon va thoi gian hudn
luyén ngin hon, trong khi vAn duy tri kha ning trich xuat dic treng hiéu qua.

Siéu tham sd trong thwc nghiém: embedding dim=128; kernel sizes=(3,4,5); num_filters=100 mbi kernel;

dropout=0.5; max_len=64; vocab_size<50,000; min_word freq=_2; batch_size=32; Ir=1e-3; optimizer=Adam;
loss=CrossEntropyl.oss; epochs=10; early stopping patience=3.
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C. TINH CHINH MO HINH TRANSFORMER (FINE-TUNING TRANSFORMERS)

1. BERT-LARGE

BERT-large dwoc fine-tune cho nhiém vu phan loai chudi nham tan dung cac biéu dién ngit canh hai chidu di duoc
hoc trong giai doan tién huén luyén. Kha ning mo hinh héa méi quan hé phirc tap gitra cac tir gitp mé hinh nay
ddc biét hiéu qua trong viéc phan biét cac y dinh c6 ndi dung ngir nghia gin nhau.

Siéu tham s6 trong thwc nghiém: pretrained=bert-large-uncased; max len=128; batch_size=8; Ir=_2e-5;
optimizer=AdamW; scheduler=linear warmup (warmup_steps=0) — linear decay; loss=CrossEntropyLoss
(BertForSequenceClassification); epochs=10; early stopping patience=3.

2. ROBERTA

RoBERT la mét bién thé cai tién ctia BERT v&i chién lwge hudn luyén duoc tdi wu héa, bao gobm viéc loai bé mot s6
rang budc trong qua trinh tién huin luyén va st dung “dynamic masking”. Nhitrng cai tién nay giip mé hinh hoc
dwoc cac biéu dién ngit nghia manh mé va 6n dinh hon trong qua trinh fine-tuning.

Siéu tham s6 trong thwc nghiém: pretrained=roberta-base; max len=128; batch_size=16; Ir=2e-5;
optimizer=AdamW; scheduler=linear warmup (warmup_steps=0) — linear decay; loss=CrossEntropyLoss;
epochs=10; early stopping patience=3.

D. TINH CHINH MO HINH NGON NGO’ LON (INSTRUCTION TUNING LLMS)
Ngoai cadc m6 hinh Encoder truyén thong, ching t6i thuc nghiém tinh chinh mé hinh sinh vin badn Meta-Llama-
3.1-8B-Instruct.

Ky thuét: S dung Low-Rank Adaptation (LoRA) - mdt ki thuit tinh chinh hiéu qua tham s (PEFT). Thay vi cip
nhéit toan bo 8 ty tham s6, LoRA dong bang trong s6 mé hinh gbc va chi huén luyén cac ma tran thich &rng hang
thdp (low-rank matrices) dwoc chén vao cic 1&p attention (Query, Value).

Muc tiéu: M6 hinh dwoc huén luyén d€ sinh ra nhin y dinh truwec ti€p dwa trén ciu lénh diu vao, tin dung kha nang
hiéu ngdn ngit va tuan theo chi dan (instruction following) vwot troi ciia dong Llama-3.1.

Siéu tham s6 trong thwc nghiém: pretrained=meta-llama/Llama-3.1-8B-Instruct; max len=256; batch_size=4;

Ir=2e-4; optimizer=AdamW,; weight decay=0.01; warmup_ratio=0.1; max grad norm=1.0; precision=bf16;
loss=CrossEntropyloss; epochs=3; LoRA r=16, alpha=32, dropout=0.1.

E. LARGE LANGUAGE MODELS VO'I PROMPTING (IN-CONTEXT LEARNING)
1. ZERO-SHOT STANDARD
bay 1a phwong phdp prompting co ban nhit trong thiét 14p zero-shot, trong d6 md hinh dwoc cung cip mo ta
tac vu phan loai ma khéng kém theo bat ky vi du minh hoa nao.
Dic diém ky thuat: Xac dinh ré rang tac vu va caclép y dinh, yéu ciu dau ra ngin gon, khong kém giai thich,
danh gia kha nang khai quat héa ctia m6 hinh dwa trén kién thic tién huin luyén.

D lidu d3u vio

‘What are some fun tricks

| can teach my new puppy?

Prompt gui i

: T
Instruct: ‘Predict intent class... .
MarUe redict in 9'-'_ cha "' —_— Ghép NG| ————————————3» LM Model Result: ‘pet’
Classes: pset, food, job...

Do net include explanations.
Print out only the intent class.’

Hinh 2. Chudi hoat dong ctia zero-shot

2. FEW-SHOT CHAIN-OF-THOUGHT

Ky thuit nay dwgc dé xuit trong nghién ctru " Chain-of-thought prompting elicits reasoning in large language
models" cia Wei va cong sy [9]. M6 hinh dwoc cung cdp mo ta chi tiét vé nglt nghia cta tirng 16p y dinh, gidp
dinh hwéng qua trinh suy luan theo chudi (chain-of-thought).
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DPic diém k§ thuat: B6 sung dinh nghia ngit nghia cho méi 16p (pet: lién quan dén vat nudi, food: lién quan dén
thwc phdm, v.v.), cung cip quy tic xi ly treorng hop bién (cau khong thudc 1ép nao dwoc gan nhin other), ting
cwong kha nang phan biét gitra cac 1¢p y dinh twong tu.

Kién thirc cung c&p trong Prompt

Vi du mau (Sample Shot)
Input: 'Walk the dog'

Binh nghia: l

Input: "What are some fun tricks

| b h = ‘pet: talking about pets' Logic: 'Dog is an animal/pet..."
I L L LS P ‘food: talking about foods'... l
Class: pet

LLM Model

Logic sinh ral (Generated)

Bat chudc Logic miu:
‘Puppy is a young dog -> Pet’

Result: 'pet’

Hinh 3. Chudi hoat déng ctia few-shot chain-of-thought
3. ZERO-SHOT CHAIN-OF-THOUGHT

Phwong phap nay dwoc gidi thiéu trong nghién ciru "Large language models are zero-shot reasoners” ciia Kojima
va cong sw [10]. Ki thudt nay gidp kich hoat kha nang suy ludn ciia mo6 hinh théng qua ciu khéi dong dac
treng: "Let's think step by step”.

DPic diém ky thuat: Khong yéu ciu vi du minh hoa (zero-shot), khuyén khich mé hinh tién hanh phén tich tirng
buwéc trwde khi dwa ra quyét dinh, cai thién do chinh xac trong cac tac vu yéu ciu suy luin logic.

Chufi sy ludn sinh ra

1. User mentions ‘puppy’.

nput: %What are some fun tricks 1

I can taach my new punpy? ““x\ 2. Puppy = a young deg.
Prampt hoan chinh ————— LLMW

. Trich wsat k8% qu.".:
Sinh ra—» Em— .
pet’
Magic Phrasa: ,r'//'

- 1. [ogs are peets,
 ————

}

4, Theratare, topls i pet!,

Lats think step by steq

Hinh 4. Chudi hoat déng ctia zero-shot chain-of-thought

4. EXPERTPROMPTING

Ki thuat ExpertPrompting da dwoc dé xuit trong nghién ctiru "ExpertPrompting: Instructing large language models
to be distinguished experts" [11]. Dw 4n trién khai hai bién thé ctia ExpertPrompting:
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Persona: 'Expert that helps pecple et/ s el vy s oy Persama: ‘Social A1 Specialist . >
+oobmach my new T i . " ;
accomplish :ophisticated tasks' In & coffee shop satting' ELE bl TR TR T
L-..-\.._____H
(L) H—
l LU
Logic: Phim tich cdn thin
theo huding dan chung Comlexl Analysis:
Sacial cues (funj
Structure {open onded)
- Topic {puppy tricks)
Ratult: Tt
: Result: 'pet’

(Confirmed by spacific context)

Hinh 5. Chudi hoat dong ctia expertprompting

a) Expert-General (Hinh 5.1)

M6 hinh dwoc gan vai trdo nhu mot chuyén gia téng quat c6 kha niang hé trg ngudi dung hoan thanh cac tac vu
phtrc tap. Dic diém: Kich hoat kién thitrc chuyén mon téng quat ciia md hinh, yéu ciu phan tich c¢in thin dé dwa ra
phan héi chinh x4c nhit.

b) Expert-Specific (Hinh 5.2)

M6 hinh dwgc gan vai tro nhw moétchuyén gia AIx3 hoi (Social Al Specialist) dangthiét k& AIhoi thoai
chorobotxa hoi trongméi trwdng quancaphé. Dinhnghia nglr canhng dung cu thé (social robot,
coffee shop setting), yéu ciu xem xét cac yéu t6 ngir dung hoc: ciu truc cuy, tin hiéu xd héi, mirc d6 trang trong,
tich hop kha ndng st dung tin hiéu phi ngén ngit va lich s twong tac (néu co).

5. MULTI-PERSONA PROMPTING

H&i d&ng chuyén gia
User Query:

‘What are some fun tricks
I can teach my new puppy?’

|: Al Assistant |
\, /

" /,.

Phan ph&i nhigém wu
Cac|thanh vién

£ Topic Classifier & Intent Specialist & clarification Specialist

A J h J L 4

‘Focus: puppy, tricks ‘User wants training info “Armbiguous?
-> Topic is pets” -> Intent is Pet” Could ask about skill level”

Ké&t|luan

Tong hop y kién:
Topic is Pets. Intent is clear.”

Final Answer: "Pet’

Hinh 6. Chudi hoat déng ctia multi-persona prompting
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Ki thuat Multi-Persona Prompting dwoc gi¢i thiéu trong nghién ctru "Unleashing the emergent cognitive synergy
in large language models: A task-solving agent through multi-persona self-collaboration" [12]. Phwong phap nay
thiét 1ap nhiéu persona chuyén biét cdng tac d€ phan tich va phan loai y dinh nguoi dung.

V. KET QUA THU’C NGHIEM

A. KET QUA CUA CAC KI THUAT FINE-TUNING
Bang 1. Hiéu sudt cic md hinh qua phwong phdp fine-tuning

Tenmodel | Acawacy | pil | pey | MaeroRt | P8R e [rr
NB + TF-IDF | 0.8664 0.8959 0.8486 0.8656 0.8801 0.8664 0.8665
LSTM 0.6738 0.6533 0.6469 0.6462 0.6851 0.6738 0.6760
CNN Text 0.8180 0.8135 0.8074 0.8094 0.8175 0.8180 0.8167
BERT Large 0.9882 0.9880 0.9883 0.9881 0.9883 0.9882 0.9882
RoBERTa 0.9764 0.9747 0.9739 0.9743 0.9764 0.9764 0.9763
LlaMA 3.1 0.9882 0.9872 0.9883 0.9877 0.9884 0.9882 0.9882

Bang 1 trinh bay hiéu suit ctia cdc m6 hinh phat hién y dinh thudc nhiéu nhém phwong phap khac nhau, tir hoc
may truyén théng, hoc sdu dén cac mé hinh Transformer va m6 hinh ngon ngitt 16n dworc tinh chinh, dwgc danh gia
trén cung thiét 14p dir liéu. Nhin chung, két qua cho thiy sw phin héa ro rét gitta nhém mo hinh dwa trén dic trung
bé mit va nhém mo hinh hoc biéu dién ngit nghia, dong thoi phan anh tac déng cia kién tric mé hinh déi véi dir
liéu cAu ngan va ranh gi&i 16p twong ddi ro.

Trwéc hét, mdé hinh Multinomial Naive Bayes két hop TF-IDF dat Accuracy 0.8664 va Macro F1 0.8656, cho thiy
hiéu suit kha tdt du dwa trén gla dinh don gian va khong mé hinh héa ngtr canh siu. Két qua nay phu hop véi dic
thu tap dir liéu gdbm cac cAu ngan, noi cac tir khéa va cum tir mang tinh chi bdo manh cho y dinh. Do d6, NB + TF-
IDF vAn 1a mot baseline d4ng tin cdy trong céc kich ban cin trién khai gon nhe, chi phi tinh todn thip va do tré nho.

Da6i véi nhém hoc siu, LSTM cho két qua thap nhit (Accuracy 0.6738, Macro F1 0.6462), cho thdy mé hinh tuin
tw khong tin dung t6t 1o thé trong béi canh cu ngén va tin hiéu phan biét chti yéu ndm & cac cum tir ngin. Ngoai
ra, khi quy mé dit liéu va d6 da dang ngit nghia chwa du 1én, LSTM dé gip khé khin trong viéc hoc biéu dién 6n
dinh so véi cac kién tric tién huin luyén. TextCNN cai thién dang ké so véi LSTM (Accuracy 0.8180, Macro F1
0.8094), cho thay c4c bd loc tich chap véi nhiéu kich thuéc kernel c6 kha ning trich xuat hiéu qua cdc miu n-gram
va cum ttr dic trung cho y dinh, phit hgp véi ban chit cta bai toadn phan loai y dinh.

Budc nhay vot vé hiéu suit thé hién ro khi chuyén sang cac mo hinh tién huin luyén dwa trén Transformer. BERT-
large dat Accuracy 0.9882 va Macro F1 0.9881, thé hién kha ning ndm bit ngit canh hai chiéu va quan hé ngir
nghia t6t, gitip phan biét 6n dinh gitra cic 16p. RoBERTa-base ciing dat két qua rit cao (Accuracy 0.9764, Macro
F1 0.9743) nhuwng thip hon BERT-large trong thiét 14p nay. Sy khic biét nay c6 thé dén tir chénh léch vé quy mé
mo hinh va ciu hinh huin luyén, khi BERT-large c6 s6 tham s6 16n hon va c6 thé phit hop hon véi nhiém vu phan
loai c6 ranh gi¢i 16p twong doi ro.

Dang chu y, m6 hinh meta-llama/Llama-3.1-8B-Instruct dwgc tinh chinh bang LoRA dat Accuracy 0.9882 va Macro
F10.9877, tiém cin BERT-large va drng trong nhém cao nhat. Piéu nay cho thiy cic kj thuit tinh chinh hiéu qua
tham s nhw LoRA c6 thé khai théc tot tri thirc tién hudn luyén ctia LLM d€ giai quyét bai toan phan loai, d6ng thoi
giam dang ké chi phi huan luyén so véi fine-tuning toan bd mé hinh. K&t qua ciing goi y ring, trong bdi canh cé ha
tang pht hop, LLM tinh chinh nhe c6 thé 1a mot lwa chon canh tranh vé hiéu nang.

Tong thé, cac két qua cho thiy xu hwéng chung 13 hiéu suit ting khi chuyén tir cic phwong phap dwa trén dic
trung bé mit sang cdc mo hinh hoc biéu dién ngit nghia sau. Tuy nhién, lwa chon mé hinh cin cin nhic dong thoi
béi canh trién khai: NB + TF-IDF pht hop cho hé thdng gon nhe va chi phi thip; TextCNN 1a phwong dn trung gian
khi cin cai thién hiéu ning nhwng van giit ciu tric twong ddi don gidn; trong khi Transformer fine-tuning va LLM
tinh chinh nhe cho hiéu suat cao nhat, phu hop véi cac wng dung yéu ciu d6 chinh xac cao va c6 kha ning str dung
tai nguyén tinh toan manh.

B. KET QUA CUA CAC KI THUAT PROMPTING (ACCURANCY)
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Bang 2. Hiéu sudt cua cdic ki thudt prompting

Cac ki thuat prompting Gemma Claude 3 Opus GPT-4 Turbo
Standard 39% 63% 96%
Few-shot 49% 99% 98%
Zero-shot 65% 100% 100%
Expert-general 77% 99% 100%
Expert-specific 68% 99% 98%
Multi-persona 76% 100% 99%

Bang 2 trinh bay hiéu suit cta cac ki thuit prompting khac nhau khi 4p dung cho ba M6 hinh Ngon ngit Lén dai
dién 1a Gemma, Claude 3 Opus va GPT-4 Turbo. Khéng giéng cac mo hinh fine-tuning dwoc huin luyén truc ti€p
trén tap dit liéu muc tiéu, cac phwong phap prompting danh gia kha nang ctia LLM, tirc kha nang suy luan va phan
loai y dinh chi dwa trén tri thirc da dwoc tién huin luyén va théng tin cung cip trong prompt.

Truwéc hét, véi ki thuét standard zero-shot prompting, sy khac biét ro rét gitta cdc mo hinh dwgc quan sat. Gemma
chi dat 39% accuracy, cho thdy viéc md ta tac vu don thuin 1a chwa da d€ md hinh nidm bét chinh x4c ranh gidi
ngit nghia gitta cac 16p y dinh. Claude 3 Opus cai thién dang ké véi 63%, trong khi GPT-4 Turbo dat t&i 96%, phan
anh nang lwc suy luan va tuan thi chi din vueot tri cia cdc LLM & quy md 16m. K&t qua nay nhat quan véi cac phan
tich truéc d6 vé fine-tuning, trong d6 chit lwong biéu dién ngit nghia dong vai tro quyét dinh ddi véi bai toan
intent classification.

Khi b6 sung few-shot prompting, hiéu suit cia Gemma ting nhe 1én 49%, cho thay cac vi du minh hoa gitip mé
hinh dinh hinh t6t hon khong gian quyét dinh, nhung van chwa da dé dat do chinh xac cao. Nguoc lai, Claude 3
Opus va GPT-4 Turbo gin nhw dat mc bdo hoa (99% va 98%), cho thdy véi cic mo hinh manh, chi cin mét s6 it
vi du da d0 dé kich hoat kha ning suy luan phit hop cho tac vu phan loai y dinh. Pigu nay cling c6 gia thuyét rang
nang lwc few-shot learning cia LLM phu thudc rit 1ém vao quy mé va chat lwgng tién huin luyén.

bang chi y, k§ thuét zero-shot prompting két hgp Chain-of-Thought mang lai sw cai thién dang ké cho Gemma,
véi accuracy tang 1én 65%. Viéc yéu cdu mo hinh “suy nghi tirng budc” gidp gidm 16i do suy luin voi vang va cai
thién kha ning phan biét cic ¥ dinh c6 ndi dung ngit nghia gin nhau. Véi Claude 3 Opus va GPT-4 Turbo, phwong
phép nay dat mirc 100%, cho thy trong cAc mé hinh dd manh, viéc kich hoat chudi suy luan c6 thé thay thé cho
viéc cung cip vi du huén luyén.

Céc ky thuat Expert Prompting ti€p tuc ning cao hiéu suit, dic biét ddi véi Gemma. Phién ban expert-general dat
77%, cao nhit trong cac ciu hinh prompting cia Gemma, cho thiy viéc gan vai tro chuyén gia gitip mo6 hinh huy
dong kién thirc nén mot cach cé ciu tric hon. Tuy nhién, expert-specific khdng mang lai cai thién twong ng va
thdm chi gidm nhe hiéu suit (68%). Hién twong nay c6 thé dwoc ly giai bdi viéc rang budc méb hinh vao mot ngi
canh &ng dung qua cu thé (robot xa hdi trong quan ca phé) cé thé gay nhiéu khi tip dit liéu danh gia mang tinh
khai quat hon.

V&i multi-persona prompting, Gemma dat 76%, cho thiy sw cdng tac gitra nhiéu persona gitip mé hinh tiép cin
bai toan tir nhiéu géc nhin, cai thién kha ning phan tich so véi zero-shot hodc few-shot don 1é. Bo6i véi Claude 3
Opus va GPT-4 Turbo, phwong phap nay tiép tuc duy tri hiéu suit rit cao (100% va 99%), nhwng mirc cai thién so
v&i cac ky thuit prompting khac l1a khong dang ké, cho thiy loi ich cin bién ctia cac chién lwgc prompting phirc
tap gidm dan khi mé hinh d4 dd manh.

So sanh t6ng thé v&i cac két qua fine-tuning, c6 thé nhan thiy rang LLM prompting c6 tiém ning dat hiéu suit rat
cao ma khéng can hudn luyén lai mé hinh, dic biét véi cdc LLM hang dau nhw Claude 3 Opus va GPT-4 Turbo. Tuy
nhién, hiéu suit nay phu thudéc manh vao chiat lwgng mo hinh nén va thiét ké prompt, dong thoi di kém véi chi phi
suy luan cao va do tré 1&6n hon, nhirng yéu t6 quan trong trong béi canh HRI thoi gian thuc. Nguoc lai, cdc mo hinh
fine-tuning, dic biét 1a Transformer encoder hoidc LLM dwoc tinh chinh bing LoRA, mang lai sw cin bing t6t hon
gitra hiéu sudt, chi phi va kha nang trién khai 1au dai.

VI. KET LUAN

Nghién ctru nay da trinh bay mot phan tich so sdnh toan dién cdc nhém phwong phap phd bién cho bai todn phat
hién y dinh trong twong tac ngwoi-may, bao gom cac phwong phip hoc may truyén théng, hoc sdu, mé hinh
Transformer dworc fine-tune, mé hinh ngén ngitr 16m dwoc tinh chinh hiéu qua tham s6, va cac ki thuit prompting
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dua trén in-context learning. Théng qua viéc danh gia trén cing mot tp dir liéu va thiét 1ap thwe nghiém théng
nhit, nghién cru da 1am ré nhitng wu di€ém, han ché va sy danh dai gitra cac cach ti€p cin khac nhau.

Két qua thuwc nghiém cho thiy khéng ton tai mét phwong phap duy nhit veet trdi trong moi kich ban trién khai.
Cac phwong phap hoc may truyén théng nhu Multinomial Naive Bayes két hop TF-IDF, mic du don gian, van dat
hiéu suit 6n dinh va c6 chi phi tinh toan thap, pht hop v&i cac hé thdng HRI nhung hoidc cic tng dung yéu cau do
tré nhé. Nhém hoc sau, véi cac mé hinh nhw Bidirectional LSTM va TextCNN, cho th4y kha niang hoc biéu dién tét
hon cac phwong phap truyén théng, nhwng hiéu qua phu thudc dang ké vao dic diém dir liéu va quy mo tip hudn
luyén.

Cac md hinh Transformer dwoc fine-tune, dic biét 1a BERT-large va RoBERTa, dat hiéu suit cao nhit trong nhém
mo hinh phan loai truyén théng, khang dinh vai trd quan trong ctia biéu dién ngit cdnh hai chiéu trong viéc phan
biét cac y dinh c6 ndi dung ngit nghia gan nhau. Tuy nhién, viéc fine-tune cdc m6 hinh nay doi hoi tai nguyén tinh
toan dang ké, dic biét la GPU, cung véi kién thirc chuyén mén vé 14p trinh, xt 1y dit liéu va diéu chinh siéu tham
s6. Ditu nay c6 thé tré thanh rao can ddi véi cic nhom trién khai nho hodc cac hé théng cin mé réng nhanh.

Trong khi d6, mé hinh ngén ngit 16n Meta-Llama-3.1-8B-Instruct dwgc tinh chinh bang LoRA cho thiy kha ning
dat hiéu suit tiém cin cAc mo hinh Transformer t6t nhit, ddong thoi gidm dang ké s6 lwong tham s6 cAn huin luyén.
Céch tiép can nay dai dién cho mot hwéng trung gian hiéu qua, két hgp dwoc wu diém cida fine-tuning truyén théng
va sttc manh biéu dién ngdn ngit ctia LLM, nhwng van yéu cau ha ting GPU va quy trinh hun luyén twong ddi phirc
tap.

Doi voi cac ky thuit prompting, két qua cho thdy cac LLM manh nhw Claude 3 Opus va GPT-4 Turbo c6 thé dat
hiéu suit rit cao, thAm chi tiém cin hodc vuot cic mé hinh fine-tune, ma khong cin huin luyén lai. Uu diém 1én
nhit cla cach ti€p cin nay la tinh linh hoat va t6c do trién khai nhanh, cho phép xiy dwng hé thdng phat hién y
dinh chi thong qua thiét k€ prompt. Tuy nhién, hiéu qua nay di kém véi chi phi st dung dich vu cao, phu thudc vao
mo hinh ddc quyén, va do tré suy luan 1én hon, nhitng yéu t8 can dwoc can nhic k§ trong cac hé théng HRI thoi
gian thwc hodc trién khai lau dai.

T cac két qua trén, c6 thé thiy ring viéc lwra chon phwong phap phat hién y dinh pht hop phu thuéc manh vao
bdi canh &ng dung, tai nguyén tinh todn, ngin sach va niang lwc ki thuét cta doi ngii phat trién. Fine-tuning cac
mo hinh hoc sau va Transformer phlt hop v&i cdc hé thdng cin ki€m soat dit liéu va chi phi vAn hanh 1au dai, trong
khi prompting v&i LLM phit hop véi cac kich ban yéu cu trién khai nhanh va d6 linh hoat cao. Do d6, thay vi tim
ki€m mot gidi phap t6i wu duy nhit, nghién ctru ndy nhin manh tim quan trong cta viéc can nhic toan dién céc
yéu t6 k§ thuat va thwc tién khi thiét ké hé thdng phat hién y dinh trong HRI

Trong twong lai, cidc hwéng nghién ciru tiép theo c6 thé tip trung vao viéc két hop linh hoat giita fine-tuning va
prompting, khai thac wu di€ém ctia ca hai cach tiép cin, cling nhv mé rong danh gia trén cc tip dir liéu hoi thoai
nhiéu lwot va cac kich ban HRI thic t€ hon nhdm nang cao kha ning téng quat hoa va tinh rng dung clia cAc mé
hinh.

VIL LO'1 CAM ON

Nghién ctru dworc tai trg boi Trwedng Pai hoc Ngoai ngir - Tin hoc Thanh phé H6 Chi Minh trong khu6n khé Dé tai
ma s6 H2024-04.
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A MULTI-METHOD STUDY FOR INTENT DETECTION IN HUMAN-MACHINE
INTERACTION
Thuy-A Nguyen, Huynh Ly Tan Khoa, Nguyen Minh Y, Tieu Phung Mai Suong

ABSTRACT— Intent detection is a core component of human-machine and human-robot interaction systems, determining
the system’s ability to correctly understand user requests and produce appropriate responses. This study conducts a
systematic comparison of four groups of methods for intent classification: traditional machine learning, deep learning,
Transformers, and large language models using prompting techniques. Experiments are carried out on an HRI dataset of 8,453
utterances with six intent labels. The data are split into 80% training, 10% validation, and 10% testing, while maintaining
stratified class proportions across the splits. On the 10% test set, BERT-large achieves an accuracy of 0.9882 and a macro-F1
of 0.9881; Llama 3.1 8B with parameter-efficient fine-tuning achieves an accuracy of 0.9882 and a macro-F1 of 0.9877;
RoBERTa-base achieves an accuracy of 0.9764 and a macro-F1 of 0.9743. Meanwhile, lighter models deliver lower
performance but are easier to deploy, with Naive Bayes combined with TF-IDF reaching an accuracy of 0.8664, TextCNN
achieving 0.8180, and BiLSTM achieving 0.6738. For the prompting-based large language model group, the study evaluates six
prompting variants on a fixed subset of 200 samples from the test set to control inference costs, thereby clarifying the trade-
offs among performance, computational cost, deployment complexity, and generalization. The results indicate that
Transformer fine-tuning and lightweight adaptation training yield the best performance, whereas prompting is suitable when
rapid deployment is needed or when leveraging zero-shot capabilities in scenarios with limited training data.

Keywords — Intent Classification, Human-Robot Interaction, Transformer, Large Language Models, Prompting
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