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Introduction



TeXt Style Transfer e Change style of given input text

e Preserve style-independent content

(TST) e Style:

o  demographic attributes
(personality, gender)
sentiment

toxicity

politeness

o O O O




Sentiment Transfer

A sub-task of TST

Positive to negative text & vice versa
Keeps sentiment-independent content
Example:

The food is yummy. =» The food is tasteless.

e Uses:
o  Marketing
o  Content Moderation
o  Communication improvement



Detoxification o Asub-taskof TST

e Converts toxic text to clean text

e Without changing the intent of the
text as much as possible

e Example:

You're an idiot. = You made a mistake.

e Uses:
o Hate/Toxic Comment Removal
o  Offensive Language Mitigation
o  Adjusting Political Extremism
Language



Our Work



Overview

e Systematic LLM evaluationon TST

Sentiment transfer & text detoxification
English, Hindi & Bengali
Zero-shot, few-shot prompting & parameter-efficient fine-tuning

Automatic metrics, human evaluation & GPT-4-based evaluation
Compare previous SOTA trained on dedicated datasets

GPT-3.5 and some open LLMs show promising results but do not surpass previous SOTA
Fine-tuning significantly improves open LLMs' performance (=close to GPT-3.5 and SOTA)
Dedicated datasets & tailored models still useful for TST



e OpenLLMs &size variants

L L M s Model Size Variants

BLOOM (BigScience Workshop. 2023) 560M., 1B, 3B, and 7B
BLOOMz (Muennighoft et al.. 2023) 560M, 1B, 3B, and 7B
ChatGLM (Du et al., 2022) 6B

ChatGLM2 (Du et al.. 2022) 6B

Falcon (Penedo et al., 2023: Almazrouei et al.. 2023) 7B

Llama (Touvron et al., 2023a) 7B. 13B. and 30B
Llama-2 (Touvron et al.. 2023b) 7B. and 13B
Llama-2-Chat (Touvron et al., 2023b) 7B. and 13B

Llama-3 (AI@Meta, 2024) 8B

Llama-3-Instruct (AI@Meta, 2024) 8B

Mistral-Instruct (Jiang et al., 2023) 7B

OPT (Zhang et al., 2022) 1.3B, 2.7B. 6.7B, 13B. and 30B
Zephyr (Tunstall et al., 2023) 7B

e + GPT-3.5 (gpt-3.5-turbo) via OpenAl API



SOTA mOdels e Sentiment transfer: Mukherjee et al. (2024)’

o  finetuned mBART
o Parallel = single-language parallel data
o  Joint = datain multiple languages

e Text detoxification: Mukherjee et al. (2023)1
o  finetuned mBART
o  Seq2seq+ CLS_OP = multi-task w/text classif.
o KT =knowledge transfer from sentiment

"https://aclanthology.org/2024.inlg-main.41
thttps://aclanthology.org/2023.icon-1.13


https://aclanthology.org/2024.inlg-main.41
https://aclanthology.org/2023.icon-1.13

Datasets e Sentiment

o  English, Hindi & Bengali
o  average score of pos=neg & neg=pos

e Detoxification
o  English & Hindi
o toxic = clean

e Allexperiments - 1,000 examples:
o 400 fine-tuning (if applicable)
o 100 development
o  500testing



Eva luation e Automatic metrics

o  sentiment/toxicity classifier
o content preservation:
BLEU & SBERT cosine similarity

e 50sentiment outputs: GPT-4 & humans
o  5-point Likert scales
o  style, content preservation, fluency



Automatic Evaluation Results
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Style Transfer Accuracy
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Sentiment Transfer: Hindi

L]
Style Transfer Accuracy Content Preservation
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ACC

Sentiment Transfer: Bengali

Style Transfer Accuracy
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ACC

Detoxification: English

Style Transfer Accuracy

Automatic Evaluations - Detoxification - English - ACC

96.60
<

100 99.20

)

92.20

Models

89.40

o
o

[=2)
o

N
o

N
o

96.80

/\v
(,,o

92.00

(&)

Content Preservation

Automatic Evaluations - Detoxification - English - CS

77.20
<

80
7450 7610

Models

73.90

72.10
. I I
0

~
o

[=2]
o

w
o

&

w
o

N
o

76.90

77.50

(,,o

Automatic Evaluations - Detoxification - English - BL

30

o

33.10

4520 45.60

42.80

38.60

32.60

<->' éf g <27’
%3 S %) 2 «V
S LA B

Models



Detoxification: Hindi

Style Transfer Accuracy

Automatic Evaluations - Detoxification - Hindi -
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Methodology Averages: Sentiment Transfer

Sentiment Accuracy by Language and Methodology Type Similarity by Language and Methodology Type
Methodology Type Methodology Type
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Methodology Averages: Detoxification

Style Accuracy

Bleu Score

Style Accuracy by Language and Methodology Type

Similarity by Language and Methodology Type
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Trade-offs: Sentiment Transfer

Sentiment Accuracy vs Similarity

Sentiment Accuracy vs Bleu Score

Similarity vs Bleu Score
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Trade-offs: Detoxification

Style Accuracy vs Similarity

Style Accuracy vs Bleu Score

Similarity vs Bleu Score
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Automatic Evaluation

Sentiment Transfer Detoxification
English Hindi Bengali English Hindi

Models ACC CS BL AVG|ACC CS BL AVG|ACC CS BL AVG[ACC CS BL AVG|ACC CS BL AVG
BLOOM-7B-ZS 378 774 398 51.6| 266 794 396 486| 344 788 303 478| 86 761 390 41.2] 522 79.1 398 570
BLOOMz-7B-ZS 260 403 126 263| 316 359 40 239| 352 351 25 242| 142 69.1 344 392| 648 698 305 550
ChatGLM2-6B-ZS 863 644 169 558| 530 559 5.1 380| 485 352 04 280| 962 476 74 504| 778 536 43 452
Falcon-7B-ZS 728 750 409 629| 215 702 308 408| 22.1 639 17.7 346| 466 752 382 533| 654 607 273 5l.1
GPT-35-ZS 934 814 439 72.9* 827 433 69.8“8!.7 318 64,5“ 739 30.1 6‘7.7* 793 39.7 | 664
Llama-7B-ZS 36.8 659 233 420] 222 802 414 479 120 782 309 404 6 732 370 406| 526 797 424 582
Llama-2-7B-ZS 63.1 755 420 602] 446 799 414 553| 269 766 295 443 206 747 375 43| 532 787 410 577
Llama-2-Chat-7B-ZS  [BE 78.0 384 70.1| 652 785 372 60.3] 39.0 716 21.5 44.0| 828 704 259 59.7| 61.8 769 38.1 589
Llama-3-8B-ZS 769 804 459 67.7| 662 818 429 63.6| 584 762 304 550| 254 731 347 444| 566 774 358 566
Llama-3-8B-Instruct-ZS 92.2 69.3 350 655] 71.6 59.0 230 51.2| 50.1 646 242 463 - - - - - - - -
Mistral-7B-Instruct-ZS  80.8 658 29.3 58.6| 322 788 364 49.1| 228 746 226 400 894 721 33.1 649| 61.8 720 308 549
OPT-6.7B-ZS 541 243 14 266| 173 600 289 354 135 768 300 40.1| 830 274 07 37.0| 66.6 59.1 33.1 529
Zephyr-TB-ZS 850 714 231 598)| 667 716 31.2 565| 552 675 209 479 968 546 132 549| 71.8 637 214 523
BLOOM-7B-FS 32.1 788 435 51.5| 245 802 401 483| 169 779 296 415| 224 77.1 41.1 469| 520 796 416 577
BLOOMz-7B-FS 352 743 393 496| 364 804 413 527| 29.0 787 308 462| 144 714 369 409| 594 729 377 567
ChatGLM2-6B-FS 878 756 324 653| 486 627 104 406| 419 400 07 276| 892 649 169 57.0| 730 544 66 447
Falcon-7B-FS 776 796 462 67.8| 159 784 398 447 178 734 273 395| 242 759 399 46.7| 564 755 402 573
GPT-35-FS B 814 447 737 825 413 713 81.1 319 657 772 38.6 [708 802 39.7 666
Llama-7B-FS 648 594 303 515| 31.8 797 405 50.7| 23.1 773 293 432 116 769 40.1 429| 534 799 426 586
Llama-2-7B-FS 549 322 30 300 54.1 782 370 564 393 736 26.1 463| 468 61.1 343 474| 534 776 380 563
Llama-2-Chat-7B-FS ~ 92.1 745 362 67.6| 69.0 752 296 579| 38.1 656 192 409| 788 626 282 565| 614 76.1 341 572
Llama-3-8B-FS 679 433 125 413| 71.7 802 397 639 60.2 735 297 544| 402 744 418 522| 804 516 202 507
Llama-3-8B-Instruct-FS 52.2 11.1 14 216| 12 157 0 56/|500 144 0 215 - - - - - - - -
Mistral-7B-Instruct-FS  87.3 773 39.7 68.1| 33.7 77.8 342 486| 365 752 254 45.7| 922 745 326 665| 61.2 769 374 585
OPT-6.7B-FS 339 634 280 41.8| 114 775 393 427 151 758 294 40.1| 112 754 393 42.0| 570 706 372 549
BLOOM-7B-FT 91.2 806 432 TL7| 839 810 404 684| 81.7 756 263 [ 6L2| 924 758 41.7 70.0| 820 766 338 64.1
BLOOMz-7B-FT 91.0 803 450 72.1| 853 810 398 687 753 194 602| 924 756 407 69.6| 820 764 322 635
ChatGLM2-6B-FT 868 78.8 41.9 69.2| 519 741 328 529| 4211 481 78 327| 900 740 342 66.1| 678 693 303 558
Falcon-7B-FT 883 796 43.1 703| 37.7 762 358 499 408 510 83 334 876 738 378 664| 688 613 214 5035
Llama-7B-FT 91.5 816 472 734| 694 785 394 624 419 760 284 488 918 76.1 424 70.1| 674 739 362 592
Llama-2-7B-FT 812 465 735|775 786 392 65.1| 56.7 76.1 279 536 924 762 433 706| 68.8 746 362 599
Llama-2-13B-FT 920 820 473 T38| 796 802 400 666| 61.2 774 294 560 956 76.1 428 71.5| 738 755 363 619
Llama-3-8B-FT 920 814 468 734 82.1 424 70.1| 819 802 323 648 769 452 T30 780 37.2 1 66.1
OPT-6.7B-FT 91.7 80.6 445 723 29.1 768 383 48.1| 225 763 276 42.l| 958 76.7 422 71.6| 582 76.1 398 58.0
SOTA (Joint) 815 46.1 "T0.7| 783 825 438 682 780 28.1 621

SOTA (Parallel) 9 815 464 696 823 443 707 .1 810 347 629

SOTA (CLS-0P) 916 76.6 442 708| 65.0 782 398 61.0
SOTA (KT) 92 775 456 TLT 786 420 657




GPT-4-based Evaluation Results



Sentiment Transfer: English

Style Transfer Accuracy Content Preservation Fluency
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Sentiment Transfer: Hindi

Style Transfer Accuracy Content Preservation Fluency
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Sentiment Transfer: Bengali

Style Transfer Accuracy
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Detoxification: English

Style Transfer Accuracy Content Preservation Fluency
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Detoxification: Hindi

Sty.
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Human Evaluation Results



Sentiment Transfer: English

Content Preservation Fluency
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Sentiment Transfer: Hindi

Style Transfer Accuracy Content Preservation Fluency
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GPT-4-based Evaluation

Sentiment transfer Detoxification

Models English Hindi Bengali English Hindi

Sty. Cont. Flu. | Sty. Cont. Flu. | Sty. Cont. Flu. | Sty. Cont. Flu. | Sty. Cont.
GPT-3.5-Z8 460 452 (428 | 418 464 362 | 414 484 334 |EEEY 438 388 EEEy 438
Llama-2-7B-Chat-ZS 450 4261322 374 264|150 216 220
Mistral-7B-Instruct-ZS 308 420 390 | 152 432
GPT-3.5-FS 468 458 392 460 372 450 322|402 472 388|344 440
Mistral-7B-Instruct-FS | 4.16 428 398 | 226 400 302 | I.78 362 262|336 466 382|162 398
Llama-2-13B-FT 470 444 396 | 416 420 332|298 332 260
Llama-3-8B-FT 392 444 340 | 322 408
SOTA (Joinz) 414 42 356|404 460 348 | 362 404 284
SOTA (KT) 342 424 326 | 230 1452

Human Evaluation
Models English Hindi
Style  Content  Fluency | Style Content  Fluency

GPT-3.5-Z8 466 496 492 418 492 490

Llama-2-7B-Chat-ZS 4.86 488 354 4.86 422

GPT-3.5-FS 4.66 498 492 — 488 480

Mistral-7B-Instruct-FS | 4.30 478 482 2.26 4.70 462

Llama-2-13B-FT 468 490 486 434 484 4.80

SOTA (Joint) 422 494 4.60 3.96 494 490




Correlations: GPT-4-based and Human Evaluations

Correlation Heatmap (English & Hindi)
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0.059

0.43 0.014
022 -0.018
-0.042 0.15
021  -0.05
-0.0055 0.37

gpt4_eval_hi_fluency

1.00

-0.50

-0.25

-0.00

--0.25

- —-0.50

-0.75

-1.00



Sample Outputs



Sample Outputs: Sentiment Transfer

bn: QZTGIS, WG 4T GF0! BITaT! AT SAPIR!
fozT)

Models Negative — Positive Positive — Negative

Reterence en: also matt wasn't that cool and not that helpful. | en: thank you amanda, i will be back T — no
— also matt wasn't that cool, and not that helpful. | thanks amanda, i won't be back !
also matt was super cool and helpful. hi: g=aTg 3ETEl, J a9 ST — "I §
hi: 7T & HC BoT-get el o 3N A 8] AeaTR| | SIS 3EieT, ¥ 9 T8l !
_ wre & e g gt 3 TR el bn:WW,WﬂZﬁW%ﬁf@W!
bn: GRIGTS, HITG 49 GPOT ST A1 Geral | T T ool S SR R S
fgeT a1 | - g, MG 4J It Qe TA- '
1Y fizeT |

GPT-3.5-2S en: also matt was really cool. and very helpful. en: I will not be back. Amanda, thank you.
hi: el Po1—ge1 T AR FeGR| hi: GpaT 3MTS], § A9 TS

bn: 73 ® SMIEG!, SN SF1F Feta SeE|

Llama-2-7B-Chat-
A

en: Also, Matt wasn't that cool. and he was very
helptul.

en:_amanda, 1 will be back !

hi: e amrer, & @t smem!

hi: T7er & T Po-ge e iR AR
bn: QRIGIE, WG 43 Q0! SICET T SAFIA!
e ar |

bn: 4R SRS, Y S Frd S
| SIS ST, Sy g g o
!

GPT-3.5-FS

en: also matt was really cool and super helpful.

en: thank you amanda, i will never be back !

hi: 11 & HC G- o IR FoGTIR At
bn: QRIG1E, WG 4 QF0! SITeTT QI SHAPIG!
Gl

hi: S=IGTE 30Tl H 9199 Fel S
bn: 2 TG SIS, S SN Zeid A7 |

Mistral-7B-
Instruct-FS

en: also matt was very cool and helpful.

en: Thank you Amanda, I won't be back.

hi: eI & T Gei-det T iR FaGTR & F1e I
FHeA—ge &1 T

bn: GZIGIS, WG 4 AFO! ST I SAFIAT
figet |

hi: TFI41E TS, H 909 STST!
bn: 4F1EH SWAGT, ST HKME FFd SAHT
aril

Llama-2-13B-FT

en: also matt was super cool and super helpful.
hi: 781 €l 7T Pot—ge o 3iR 7 & TRl

bn: AZIGI3, TG YT GF0! SITET AT SABIRT
=T |

en: thanks amanda. i will never return.

hi: 3 et =it T & foT T JgoR T8 el
8,_amisn

bn: SAMEGT, HAH I ZeCd A1 A1 |

SOTA (Joint)

en: also matt was cool. and very helpful.

en: sorry amanda. i will not be back.

hi: F7e1 & FT 950 T SR FaTTR el
bn: GRTGIA, TG AT GF0T SITET G SATAT
fioget |

hi: g=TaE 3MTsT, & amag T8l 3!
bn: IR SAMINGT, S SA1F 260 SI174 41 |




Sample Outputs: Detoxification

Models

Toxic — Clean

Toxic — Clean

Reference

en: so shut the hell up until you know what it is
your talking about . — So keep quiet untill you
know what you are talking about.

en: p. s im a fucking cunt rag and enjoy the taste
of a nice warm pile of shit every morning . — i
enjoy the tasty nice warm pile every morning

hi: SEIAIT 31971 Jg 95 T W OP el A=l

& 7% g 7 919 aR <@ 81 — FHiY g ¥E 9

gﬁaﬂqamﬁﬂﬁﬁsmmm%ﬁmm?%
[

hi: F1C B F 1@ g Goi DI I g R & I
a8 <2 & 19T & 7 ot 1 — F % I gag
e T AT et §

GPT-3.5-25

en: Please refrain from speaking until you have
a clear understanding of the topic.

en: p. s I am a person who enjoys the taste of a
nice warm breakfast every morning.

hi: SHIAT 39T U8 55 X W d@  Tal =l
& 77 g 7 919 R @2

hi: FIC @%: § U A19 Gt B 3R &% I TGI8 D
19T B T oAkt &l

Mistral-7B-
Instruct-ZS

en: “'So, shut up until you know what you're talk-
ing about.”

en: p. s im a cunt rag and enjoy the taste of a nice
warm pile of shit every morning .

hi: SHICIY 39T Jg 9¢ W W AP o el A=l
& a8 q a1 1 % @ 2

hi: 7c @ 3 T 4 o 3 & § IR W I
598 ot & 1 & T o

GPT-3.5-FS

en: so be quiet until you know what you're talk-
ing about.

en: P.S. I enjoy the taste of a nice warm pile of
shit every morning.

hi: ST 9T Jg a5 ¥ g AP P Tal F=m
& a8 g FE W Bl

hi: FIC PR: H U@ AT ool DI AR &% I GIBE
T & TR $ T o §

Mistral-7B-
Instruct-FS

en: so shut up until you know what you're talking

about
hi: SEIIT 31991 Jg 9 W W OP el A=l
& 98 Q@ I W @B

en: p. s. i am a cunt rag and enjoy the taste of a
nice warm pile of shit every morning.

hi: A1 aR: F 1@ g <o $t & g IR W IAA
FaE TS $ A1 S T ot gl

Llama-3-8B-FT

en: So please don't speak until you know what
you are talking about.

en: p.s i am a bad person and enjoy the taste of a
nice warm pile of shit every morning

hi: SHIT 39T I8 95 ¥@ W aP 319 g el
S b 3 ar @ e @

hi: AC R ¥ 1@ F oo Y & § IR & I
FaE T F A1 S T ot )

SOTA (KT)

en: so wait until you know what it is your talking

about
hi: SEIAY YT U8 §¢ W@ 94 OP aP o el
T & a8 q aEn 91 aR @ @

en: p. sim a bad guy and enjoy the taste of a nice
warm pile of things every morning.

hi: ¥ T 19 oo $t S § 3R & A7 Y8 Tl
& AT P TAT oI &




Conclusion

e Key findings:

o  Promisingin English but limited multilingual capabilities

@ Fine-tuning = significant improvements, aligning with SOTA
e Emphasized the importance of:

o  Tailored datasets

o  Targeted models, including smaller ones
e Futureplans:

o  Expand to more styles and languages.

o  Explore alternative fine-tuning methods

o Investigate advanced prompting techniques



Thank You

muRkherjee@ufal.mff.cuni.cz

O Code: https.~/github.com/souro/tst_lm
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