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Introduction

- Multilingual pre-trained language models serve as repositories of multilingual factual knowledge

-Factual knowledge probing2 CtFst A2 S 4~ Q1O mBERT, XLM. mT5, XGLM. BLOOM =2| multilingual PLMO{| A
CiFot 21040 Clfet AP A QI R|AZ capture 7=

-> Performance gap of factual knowledge probing exists between high-resource languages and low-resource languages

Why?
515 HIOJES Al LY 2|Al0] 9 2j0|7t 2

Can cross-lingual alignment of representation spaces enable factual knowledge transfer across languages?
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Introduction

LRP2(two parameter-free Language Representation Projection modules) |2t

1) language-independent representation projection module: Q0{7} Ol A10{e] EHE AN FAISH HHOZ HE!
}

2) language-specific representation projection module: Y02t FAFst ES 7HE B0 7f Ol Q10{2| EHC 2 OfE

Contributions

* Propose a parameter-free framework LRP2 that enhances factual knowledge retrieval accuracy and cross-
lingual factual knowledge transfer

* Reveal that LRP2 poses an impact on the alignment of representation spaces
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Background

: Multilingual Factual Knowledge Probing

In the multilingual factual knowledge probing task . . .

: Multilingual PLMO{| CHSt HO{EH HIZE 2 27| (e.g. “The capital of England is [MASK]” / “HEREEB=[MASK]”)

PLM2 27|0f| " &= @12, 1 L2 parameterized memoryE 44, 2|54 2= 02|0f| Cliet =t =25 ARE

ol E§= 0=

The success of factual knowledge transfer2 M2 CFE A0{29| language-independent representation space0| CHal multilingual
model?| same parameter= triggerofOfat
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Methods

LRP2: Language Representation Projection (1)

Objective
' RP2 is to bridge the gap of factual knowledge probing between English and non-English languages by aligning
their representation spaces

On the language neutrality of pre-trained multilingual representations, Libovicky et al.(2020)
. 54 A0{0]| Clfsl ST 10| HIE & = Al 0 2 F&0]| Clfer 10| S&A4 Hol=Z Feot= A0| 7isott= A= E0S

How to calculate language vector?
1-step) Sentence vectors through mean-pooling over the representations of all tokens in the corresponding sentence
2 step) Then further average these sentence vector
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Methods

LRP2: Language Representation Projection (2)

Embedding v X
$ BF SR RHERA K TR RHE LS Multilingual PLMO| representation projection module= &¢t
[MASK] . # : . -
Feed Forward _ N . Two modules are inserted into the model as two additional layers
x(L-j) ##% | WA
Multi-head Attention SR :\(0\ 2O, i - \
/// y i y . . .
s A E % M s LIRP(Language-Independent Representation Projection)
England 4 " i v : e e : . :
s [ LSRE 1 e a:;z,/:- : . 1. Non-English language with limited information are projected to the English
— A R % : .
g s English representation space by LIRP
5 Feed Forward i . . . .
2 ce@ TOTWEr X 5-i) Memory ; Memo 2. ltenables the non-English language to access relatively rich memory encoded in
_;; Multi-head Attention Access Acceslz""‘”) the parameters of the model, in the form of English-like representations
iE: 4 e capit‘al i *
o3 ! . e . . .
> { LIFP J England of (ASK] LSRP(Language-Specific Representation Projection)
3 N\ ® X0 @y X 1.The accessed memory is then projected back to the non-English language
= Feed Forward \ @9 T i ' - '
Q =l % by LSRP so that answers in the corresponding non-English language can
X1 A v l v ‘
g Multi-head Attention B AR \‘32 i % 4 be y|e|ded,
= RE @ MASK] | ®H g MASK]
= r 2 2
3 Embedding LRP2 Baseline
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Methods

LRP2: Language Representation Projection (3)

Embedding V. b Given input query in non-english language |, vi= AF40j| Z|AF 5F0{OF &t
+ L R REEEH T R LRERM
[MASK] #
l MASK . . .
el s L) > e LIRP(Language-Independent Representation Projection)
Multi-head Attention .~ & i . | P 4 ' LIRP= A 2EO] i-layer?| contextual representationss F0{2t FAFet 2 Z projection
o | 4
* T sk gl ) hi =h} —vj+vl, (1<i<L)
: [ LSRP 1 Eng]and o ' I v [ [ [ en =
= . capital of o E Chinese
— A - ! : . .
3 i ; e hi = A10f | Of|M2] 2124 2|2]9] i - layer hidden states
e, ey ) | vi i, = 2k2k English, non-english | 01 CHSH &Y 240|101 CHSH 104 HAIE;
= 0 Memory =\  Memory
= Multi-head Attention s (rich) | Access poar)
= A capital f * LSRP(Language-Specific Representation Projection)
E um J England o pvask] @21 ofofo] olof HBE 28517 Qlsl 2Eo| j#AY 210]0{0l LSRPES 4¢)
2 - \ is X 3 ’
8 \\\ x'\)e(\ A i A ’\j . .7 - J ] . )
£ Feed Forward N\ .yf, i . yx’ h; = hl Vg T Uy (Z <7< L)
o X 1 N\ g A v E v . . .
g Multi-head Attention - N h! = 910f | of| A 2] 224 2|2 j - layer hidden states
2 RE g ask] | FE g MASK] [ St o1 Of |
- - o ' a vl v, = 22 English, non-english 1 Off CHSt j3) 21]0]010]] TSt H10{=IE
E Embedding LRP2 Baseline
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Experiments

- Settings

- Factual knowledge retrieval accuracy?} English-centric cross-lingual transferabilityS A|At

Evaluation Metric
- Factual Knowledge Retrieval Accuracy (Acc)

: : : . RiNR,, y
- English-Centric Cross-lingual Transferability (Trans):  Trans; = —=— 100

The experiments were based on two multilingual pretrained language models: mBERT 2! BLOOM
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Experiments

- Results(1)

Model English Language Family Language Resource

(Source) | Indo-European | non-Indo-European | High Medium | Low
Retrieval Accuracy

mBERT 35.2 20.9 18.4 23.4 22.2 17.4

mBERT (LRP2) 35.2 21.2 19.4 24.1 23.0 17.7

BLOOM 35.1 17.8 18.4 21.7 17.2 16.1

BLOOM (LRP2) 35.1 21.3 22.4 25.8 21.2 19.3

English-centric Cross-lingual Transferability

mBERT 1 37.0 31.8 41.6 37.7 30.5

mBERT (LRP2) 1 379 33.1 43.1 38.5 31.5

BLOOM 1 204 20.3 25.7 19.3 17.6

BLOOM (LRP2) 1 24.5 24.7 30.3 24.0 214

Representation spacel| 101 7F HZ0| A= FO{0f|A H|F 0= S5t AFE A0l XA ME= S0l

MBERT2 BLOOM EF0{|A LRP2= &4 H|QI=-F & AHO0|FE0t oL 2t S 2 NAA
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Working Mechanism of LRP2

- LRP2 Affects the Alignment of Representation Spaces across Language

100%

ZZ0-GO| HE 2| E AR5 sentence representation 3! & 21049
= =4 Hol 7H9] |ayer-wise representation= AH|At
S‘ 80% - ”
% 0% -
.. - -LRP 222 BA S0 &= SOe| Ha S0 7HAA| 74 2FA 107 2t
A|A] ZJOIE 20[otA| 2
£ 50%" ___ | BERT
S mBERT (LRP2)
T2 s 4 s 6 7 8 9 10 12 -LSRP 222 =0 &1 GOQ| Hod 57t | HE|E S7HAH S=0{0

Layer

(a) Representation Spaces
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Conclusion

- Multilingual PLMO||A] G OX{O| M CFE A 2 factual knowledge transfers 2/¢

- Representation space 72| 210] 7+ AZH0| AL Al XA A0 = 2O|s6tA| ot=

Limitations

~LL

- LRP29| E1l= 2 Cl=0] AFH 2HE A0 22| 22201 50| o=

olr

- Encoder, Decoder 221= AtEot0| Aot oLt Alot=l AREIC = LLMO| T}
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Ablation

ceb s cy fa|gl|idfkoflt | pl|pt ro sk ur vi af ar|de|he hi ja zh es th az bg | bn da el fr sv|tr ga ru sr|be|ca eu hu|hy it ka la|Iv ol ta|uk sq et fi ms|hr|sl
LRP | I (L)L (1|t gtjrjry{r|{1r 1}3 333 4 5 5/6(6|6 6,6 6 66 7 7 7/8|8/8 8 8 8/ 8 8 8 § |8 91010 101111
LSRP| 2 |52 (2|2 29393 /2(2|2|9|2/|2|4 416 7|1 10 6 117 TITIW 7T 7 (710 2 12(0009(11 99 9[12:9[10[9[9[9 1011111212

Table 4: mBERT’s optimal layer configurations for all languages. ’LIRP’ indicates which layer of mBERT the LIRP
module is inserted into, ’LSRP’ follows the same pattern.

vi fko B lv

da|ru|sq ja ca e |la|az cy af (bg ceb et It | sl | sr ta cs el [fa|fi hr| pl ro sk|uk be hu hi hy ga id ka th tr zh gl it ol e pt fr de ms bn sv ur ar|he
LRP | 1 [ 1|1 |2 3 [4|4|7 8/ 8 8|8 8|8/8/8 9999 919199101010 10|13 14|15 IS|16Q16 Q16|16 | 17|17 1717|1818 18 18|18 20|20 21|21|21
LSRP | 14 /22 |24 |22 22 /20 /13| 9 |13 |14|22 |24 |15|13|20| 13 19|13|22|18 22 22|15|22)20 14 13|20 |21 |21|16 19|22 19 |20 Q20§22 21|23|21 21|21 \22|22|22 23|21 |22|23 23 |13 |22

Table 5: BLOOM'’s optimal layer configurations for all languages. ’LIRP’ indicates which layer of BLOOM the
LIRP module is inserted into, ’LSRP’ follows the same pattern.
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SoulChat: Improving LLMs’ Empathy, Listening, and Comfort Abilities
through Fine-tuning with Multi-turn Empathy Conversations

Yirong Chen!, Xiaofen Xing!; Jingkai Lin', Huimin Zheng!,
Zhenyu Wang', Qi Liu?, Xiangmin Xu?*’
'Guangdong Provincial Key Laboratory of Human Digital Twin, School of EE.,
South China University of Technology, Guangzhou, China
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Introduction

RBEGSEMHSREE, FOMHRE. AulizE4AD.
[ have been feeling anxious and physically and mentally exhausted lately. I don't
know what to do.

FRABHRMKAT B) 5 el 18 ] AR B LB . SRR R AR ERE,
"CH Bl — AR EM . LU R

I FREFF: AREEMA (A, ARSI MiVEREBEZ. b
HERESE IR 0L CHF . AR AIERU.

2. WMREFEA K REMONR. EERAEESIM. REFAERAE LN M
AR SR A4 75 75 SUn] DR B e £ 8 .

3. HUPAtEFS: FWl—EERETy, WeTE. R, KEWE. Mol
fo. JXET VN LI RV PRIRES 2 4, B HEEE.

4. WIS (WAL . SUESBRR MR, HIESTHAE TR .
RFFAEET LA IR DS, HEREFESEFERT.

5. FRLMRY: In LS5 H RN IR HEER, HEELH
Ads ffiTar BAER Ot Gl R WG IT 7 R .

6. MIAIRSF: B85 BEUWFBRES, FoR. S|, Wikl
AR, KR UISHBRMERY), (ERBIHERER.

ol B PARATHRENRMK, EFRaCURBEA P BT . mRR
W R HAR LU, H0FREED.

I'm sorry to hear that you've been feeling anxious and physically and mentally
exhausted lately. Anxiety is a common emotional state, but it can be alleviated
through some methods. Here are some suggestions:

1. Seck support: Share your feelings with people you trust (friends, family, or
mentors). They may be able to provide support, understanding, and advice.

2. Adjusting your lifestyle: Pay attention to your diet, sleep, and exercise habits.
Maintaining a regular schedule and a healthy lifestyle can help alleviate anxiety.
3. Relaxation technique: try some Relaxation technique, such as deep breathing,
meditation, warm water immersion, massage or yoga. These methods can help you
relax your body and mind, and reduce anxiety.

4. Manage time and tasks: Develop a reasonable schedule and break down tasks
into small manageable parts. Doing so can reduce stress and anxiety, and make it
casier for you to concentrate.

5. Seck professional help: If anxiety is severe and affects your daily life, consider
consulting a psychological professional. They can provide professional advice and
treatment plans.

6. Relaxation and entertainment: Participate in some relaxation activities that you
enjoy, such as reading, drawing, listening to music, or watching movies. These
activities can divert your attention and make you feel more relaxed.

Remember, everyone has moments of anxiety, but you can take positive steps to
alleviate it. If you feel that anxiety persists and is difficult to handle, be sure to

seck professional help.

- LLMis CFot 200|| A E2| AR=E|X|2F 0|2t 210 2E0| Al2|et 7240
M universal adviceE A&

- AAMHLO|LE Z4-E A0 Tty A2 W chatgpt’/F human-centeredsH| £

ChatGPT=..

1. $H2 20| 1 BESIE YIS ATt B
2. URO0|Lt ZHECH= HOHZ Bt FEH0| 2
3. 29| 27HLRE ARGIOIA| 0420l 'AER0|E oD 22 oft

14



Introduction

FAFSH ZAl= CHE LLMSOA = LIEEHE &= RUS

34 AZ0[L HE AH =OA2] DIM| 28 TAOA U2 Chs & 48 thet HO|8Me] F=52= A4

- 2008t 7l O|Ako| AE 2 1A= Multi-turn empathy dialogue datasetS =

pei

O II=El=l— T} O
= Lol s 3

Input2 multi-turn dialogue context, target2 22, 2|2, Q1A & Al2| AMA X2 S9]

Experiments have shown that the empathy ability of LLMs can be significantly enhanced when finetuning by using multi-turn ¢
history and responses that are closer to the expression of a psychological consultant.
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Human-centered Mental Health LLM

: SoulChat Corpus Collection (1)

Consider an one-on-one psychological counseling conversational setting where
a user and a psychological consultant engage in multiple rounds of dialogue

Psychological knowledge

How to construct high-quality multi-turn empathy conversation dataset?

Social events
Treatment

-> 12 topics of psychological counseling to construct 215,813 long-text questions and
619,725 long-text answer through crowdsourcing

Emotion

Marriage 11.7%

Behavior

& Rule-based cleaning, manual rewriting and human proofreading are applied to ensure s \&8
that there Is no sensitive or privacy-related content in the dataset. Growth

Relationship Self-awareness

Figure 3: Distribution of counseling topics.
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Human-centered Mental Health LLM

: SoulChat Corpus Collection (2)

"messages": [
{"role": "user", - ChatGPTE AIR310] ZRIEZ M2 rewriting tool2 AFR50] THel B Al
"content": ""Please act as a text rewriter in the field of = :
AFCH = -

psychological counseling, rewriting the given "single round long 2| &5 Ch2t= multi-turn empathy dialogue= B2t
text Chinese psychological counseling dialogue" into multiple

rounds of empathetic dialogue. The requirements are as follows: 1.

Multiple rounds of dialogue should start with "User:" and end with

"Psychologist:"; 2. The response of a "psychological counselor" - A2 METO| S22 24 42| 2|2 =2 2= Human-Centered Hoi= HHY
needs to combine the user's description and provide empathy, such SHE2 2{2HY
—/ 1 0O

as listening, comfort, understanding, trust, recognition, sincerity,
emotional support, etc; 3. The number of conversation rounds
between users and psychological counselors should be determined .= SR "
based on the convefs;ition cfntent, between 8-20 rounds; 4. In a Manual proofreadlngotOE questioning, Comfort’ recognition, trust,
round of conversation, the length of the conversation between the emotional SUDDOYT o — | 6_1 2 |-_—‘| 2 %I'§|'

user and the psychological counselor should be combined with the

conversation history and should not be too long. \n\n[Single round

long text Chinese psychological counseling dialogue]:"'+ - ZSHo=Z 1 05,134/ jo| == Z1|7‘| = 2,300,248/ je| M= =t
single turn +'"\n\nPlease gradually analyze the user's needs and

empathy skills of the psychological counselor in the above single

round conversation, and rewrite it as a multi round empathy - ZAl HZHO|L} 2HA Z|Q] HOOf|A{Q| 2 BHOF 250| CFE B 22t CHS} || E{Al
conversation. Your rewritten result 1s:"
;]
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Experiments

- Settings
ChatGLM-6BS 7| £ BEI=Z A3 SoulChatCorpusOi|AM SFT AlS] 4~cH

Baselines
1. ChatGLM-6B4 (baseline)
2. ChatGPT

3. MeChat (SmileChat Dataset, LoRA fine-tuned LLM)
SmileChat Dataset: PsyQAG|0|E& &2t multi-turn dialogue dataset

Implementation details

- Batch size: 80 - Total steps: 30,000

- Learning rate: 5e-5 - Warmup steps: 1,000

- Input Max token length: 1,536 - Qutput max token len: 512
- Top-p: 0./5 -1-0.95
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Experiments

- Settings

Automatic evaluation
: SoulChatCorpus2t SMILECHATO| A 2525 10,0007 /-EH

- Metric: BLEU(1-4), ROUGE(1-2) & ROUGE-L

Human Eval
: SoulChatCorpus®?t SMILECHATOA 100712| MES S22 =2 /&

- 3 Psychology”/ Of2le| a+=0f| CHal B2t

Aspect |Score Description
Content | 0-2 |20 MAst Lig0| ALRXRt| Chat 7|20t 20| QT YRHMQIEX|, LIRO| XIHARRX|, L8 QEJ} Y=X|E 7}
Empathy | 0-2 |22ol st elasrt peisl QAR 280 852 olsisin], 1S9l LI 2, 22 2ojn|, HE=E mhoret 4 l=x| Hot
Helpfulness| 0-2 |22l £2i0] Algxiol 20| El=XIS ok o Wt 322 HIHE o= Algxtel 2N 2Ho| SHO| £80| El=X| 03RS 12
Safety 0-1 |20l MAEH EIAET} AFSXL, CHE AR, ALS], 31 S0l 12 7IX1=X| 018, 71Ol HE HS #E U 7% =4 0{2E L}
19




Result

Table 1: Evaluation results.

Dataset  Model Automatic. Manual.

B-1 B-2 B-3 B-4 R-1 R-2 R-L Con. Emp. Hel. Saf.

ChatGLM-6B 2273 13.15 8.04 492 2533 572 1884 190 155 192 1.0

SoulChat- MeChat 2043 17.12 1054 671 2735 627 2112 183 170 178 1.0
Corpus ChatGPT 2798 1609 993 623 2739 6.82 2192 196 162 194 1.0
SoulChat 33.78 20.07 1286 852 31.47 892 2657 195 184 187 1.0

ChatGLM-6B 2291 1356 840 5.15 2599 595 1876 1.81 1.39 1.84 1.0

MeChat 3063 1841 1159 746 2892 6.76 2159 195 174 183 1.0
SMILECHAT

ChatGPT 2830 1648 1024 640 2757 671 21.60 195 165 197 1.0

SoulChat 3540 2139 13.77 9.02 3264 9.17 21.10 193 190 185 1.0

- Con, Emp, HelO|| C{et Fleiss' k = 2525 0.489, 0.472 2! 0.532
- B o2 SoylChatE ChatGLM-6B, ChatGPT & MeChat2 A= T7+ 0| E2I2 Emp. HIEZIOA B5 ST+
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