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Figure 1: Illustration of the growth trend in the field of LLLM-based autonomous agents.

A Survey on Large Language Model based Autonomous Agents

SR IEEREINTT
6

Human Experts AutoML (computer program)
| *
| o \\\
: » e e
il S —
%% Problem définition Data Feature Model Optimization = Baluation Deployment
v M v b ! \0

:“‘»? - Q - o 0 ﬁm

U )
53| A g Al Top

gt

ouco

Data co-l‘lecxio_n Feature enginegring Model selection Algorithm'selection

HETAUES R B3I

56" | (%



| MEEIEHMY: ATERERMEARBANZ R

ZIEWIREE IS, IHBNR
TLIEEES: BIEHHAIBEIRYRNIANME, MEANARIIEAIRE
Faft: SSHERNTR, TES

AVSSFBEMECRY: BEFR, Z55HE



| PESENGEELSEMARALESERISR, SMIEREEMNE

hiFiflis, FIEYH=E

At (C)

FARATES

Er-miR &R ;

EI:'EI%EJJ

Chlna Mobile

-

Bg*

"WEEL” | BURENKEMAZ TR AREREIFES

magms 41 4

HKESE (H)

B{Edld (B)

pLEemtk (N)

CHBNIHgEfE

EBE@mtE (M)

z =rhss [ =l = Eylee=n E=2 5 '-7% 3 00 + ER
10086 5EX R KEHFZHNBHEE HiREseER HReE LTI E‘ e
CIRE10+zEm - IR 5ET 600+ 5 - BR2s 2500 HHEAEE _29 BERBE - 1325 16 FEA IRSSPEREF fRSs5HMEBE
_EERRER 2.1 2K - MEIEAA2% - 6000 FXRISATAE:S - ikt 300 Fr/a - MR EREEIEF 90%
- R 94.2% - s \itEE 7000+ 75 _ = 100% - kR RIET 8%-10% CHORR 5 R ATR AR
A
" il 5e 73 1000.. 71000,
B EED ) 48 &5 BEfL BE D 75 e b
OabyH/ == Nk 1} VAN "= I > ab N ab 23 N l Eﬁﬁ'ﬁﬁ‘éjﬂ Jﬂurﬁﬁléjj
HEEE BEEE NBENE SESEST SAESER RBAESE NS SEEN REER RS A AR
rarg 8 4
® MBEBEKTES @D NWK-ERHBFES ® WHAIEES (&1F)
@ BEEXEES @ TMHERES 6 HeeEEFE 41 z ﬁ1 OTZ
p— s\ |'|"1-\b [/\, E
D NEFEEZIEL @ NEAIGEHES TREEMNE REEF



[

A TEBE ++
Q &2% Be

| HEIZDEE "hX” ALBRXEERGFR

Bl CIRE: MMREATzasEEiEEREMAEE, 1EERAEGERE
TTILARHRE: REMEEN, MREETIXRE, NERREFEMTINEERAEREAR, (EHEREREE~DEA

4= O &5
fTIEEECNA ETW%@B&I
S8 hisE
2
L7 : : s LR = EE m HeE T2 R
SUARE Bn e Em - e e W .. D= BTIOE AT RS R - w EN
. KRR
Lo B5E M =) L EE BIEE Hh HiE NE

B X1 E KiRE KiRE KRB KRB KRB Hith HEi  E6



| hR-REEHEXIEE

PhXEMRERERM, BKSEE. R mMEFTUnsFilk, @t

& (5 BE iR fin = E 77 B 53 )
BH5(%E
hXEfk#&EE
AILHGRINERAERSES
Eiifhignt

87 M & AMEBEFHEPR L

HIBLRFES

ok

E#5h

China Mobile

IShAK -REBEKXEE

il

Be" | [



@

MSCIREARR
e =

hlna Mobile




A\ b .#513?]

| =B G & %BED B

3700+ 1000+ 7+ 1717
‘ ZHFE AlgE - E1HERIRE

RILE Rl F IREALIL

RILEigiF BRSNS AiRRiRL SRS
Hﬁlﬂ;ﬁ!

Eﬁﬁﬁ.lt'

|—‘ 'Lt‘a"

BEFEEHRETE. £H. 22, UEMEFSIYRAIRET, AaERESNMEEEEED, SREMERE, TillEs
BEIFHTEESHIIMERL,  FregtinR inflCiRS TS5 BR




| BRI ATESRE

FERUATIERE (Holistic Al, HAI) EFEBIHARBEKBENREIRARRNIEKA R, #KiEZERIRZSFIAI
871, EAMCMERLIXTAIBENHITRIFEESSRIERE. BE. JIGMEE, ik BmF=rvEE s
=K, ENBRANSTETERZS, HFESEAAIRSKAR, AlGEHRTFHERE. MEREAIREZS
aJ{gAl,

IRREEALSER, BEYA EZALAL

aajja_ﬁﬂr" Eﬂﬁ*ﬂiﬁﬁ'ﬁh OS
e TP AR
iEAIj;%ﬁ
/M /18 /iw/ ...
“GPU/ASIC/ Al&ET yks3
NPU/CPU;/... SKIFER

JRFAL

@ KA RO4% [ELE
ZAIEIIRHS \ / FURAANER

Al O RENDBARBURRTS




| BRAUATIERE (Holistic Al) BYEE4SHE

“XH®"” (Big Loop Al)

"RIAER" AL SRR RRAMEE R BiR, ERIEKRSEENRERSHEKMN. FRESIREHAIBEDMARIEMIBISIIR
AN, ANTXEIAIFAL AR,

2. AIBAREFLEN (Atomized Al)

il

BENKIESER. ZEE. BN, ZERFRVUHTEACFFENEL. —MHEENRACARDESEREER. EicE
Tzzl:l): BEREREAISITEENHER. AIRFHENZRRMATEEELISTHRYERT,

. MEEYE (Network Native Al )

MLSREANFAIBEN ST NEINENRIATURANSE, REFEE, ERBCRAREBEENEISHTE, FIEATERIR.
o, REL. 880, PRSSRUTDRE. M. EOMITERNE, SEHMAIBEHENZDIREEEE. ITEMIEA.

4, E20){F (Trusted Al)

AlEHE. =B, 8. WSHNLZEERARNAIERRSHNEERM, ERICRAIRSTEWY. IJEE. FJEHIT. RIERY
EhEIe5HIA,



| FELCAIRZFREGE

SHI TN VNS SRS

RIE
iRERIH

EHIX

et

ET
fif

Ty

i ob :
(HE (RIS

BN

L mE
AT

|7 s
i pEn

. -
i =S\

Standardizatig & Trusted Al

assessment

RER SR e

aJiB¥. ®it&E HAI protocol

task instances
pool

Vector DB
Long-term
memor

)
= iR
3 55
il T
= =
g =
fh .
o o ¥
TSR 1]
o]
()4
/é¢==§\\
4 \
/] . \ z
[ KE | )
I /
\\\\ //
S |
S _ = \

/\ T -ff'
& L3R Be

[z
4



T 7 ++
& 28BS Bt | [l

| BRUCAIRBEARSGE

Hr:

R NEZENERE, FTRERCATERINETZENRE.,

RS D={0,05,..., b BYEOREJEE—1RE {012, } RERXA. BGIIEFFRBEIERL,

REEMA 1, 2., L BMER HE KR {012, )} FReoRRE UERAAE ISR EAEEE,
BEFeENE ={1 2. }, RE VN FKFBEFRH, BEZER EGIE, VSHFEFENRE
EXMEEIEDE P 1 20 L8t #E—1RE {012 . )}, Rreefod. HYHMEMRERSm.
R VHESR E<{ 1, 2.0 ) BDVHE #BE—NER {012,.., }, REAEIEEGIERR.

IERSEANES S={s1, 2.}, BIANE &5 —1& M {012,... }, RF-NEEN,

EXGREUREHEFA 1 20 Y, BER BB KB {012, .., } RZT-HEEEH. EREBHSERE,
HiREMARHENSRUA 1 2. L BAEH BB 7% {012,.., }, REBAEER, ME}FIFEIHFZIFETH,
RAR&EREREE ={1 2. } FTHEAPRESISHERNES 21 sE50%5.

AHENFERE. MBRE, UREEBRESMHTEAREE FrIFDPRERNRIEFENSENTIERE.

&



&

| BRLAIZBIREARSE
EERARMATERNRNIREINZE, #—FTNE 2BANTIADTFRE
max (., ,,, ,& )
( ] ] ] ] IBI ) S
He.
_miljlﬂﬁﬂt1‘%m ﬁ*ﬁé&*&@*ﬁ (D, M) H
BRI SN EE: (, ., )

RENREFURIEMER: (M, E) ;

REPITERTEANE: (M, S) ;

HREBNMUER: (D, F);

RERIEEWAVELER: (M FU);

BITRMMAER:  (, , ), WAEFKRARMZEAEVETIE THTTRER FRIE.

hlna Mobile




/\ 3 . +
& EE:ED Bt | [

China

| LR F )RR

n R /

B iR im i
B ETXKEREERAERR



| BRAIFEFIER

M. = {iniro i, juntion input  oulput nferface i,adapter i, performance [,constrain_ i}

R

(1) ERES

s
[ |

N

] |Adapter Archi-Para_ 1]

Interface_1 —*| Frozen Module o F:

Fine Tune Module X

3 N [ ™\

Adapter 1 @
ol (o]

R

[Adapﬁerﬁkrchl Para m]

Interface_1

Output

Adapter_m

Fig1. AR LR FERREE (HAI Atomic Model,

(2) BNEILHEWT, IOeES

(3) AREFHNE
FIITR

(4) &G

SERERRNA ST ITERA

(5) FEMEREENEL

HAI-AM)E R & o R EF—K ] gE IR

ok

E#5h

China Mobile

LS RARRE (B, BEESE) | ERERRS
HE, NAYE, B, MR

DRefEIA FEFCAYTIRERIAITIZR

BNEIH BNBEFORTLIR—XE, —X—, S—FHE

O RERRIRMERZEARER

EFcas EECARIERE

MEREERRSR tERe, R, KT

#JR Rz IR RILIR A

*| b



-

& 8k 56"

| RFHHAR
LR AT

Table Comparison between SMSP with baselines for ViT.

Methods ~ Accuracy(%) FLOPs(T) Training Iterations

Pre-trained model Mask for New Target Task Final pruned model
9 e

AMP 89.83£0.46  81.50 1000
UVC 28]  81.32+40.87  26.73 100
PoWER [5] 78.61£1.32  20.86 100
SMSP(ours) 90.24+0.35  3.25 100

@ Retained nodes Pruned nodes
Calculate similarity and generate the mask for the new task

v" Automatic Mask Pruning (AMP): automatically
identify task-specific filters/nodes for different tasks in

,-’/ ) \‘\ Retained filters in layer-£ for new task
{Task N mask scores in layer-¢ 3 e

900 ®00® @@ o & the pre-trained model.
| Task 3 mask scores in layer-¢ o : == "“;i"g v apply the Log Expected Empirical Prediction (LEEP)
 9LLOCLLE® (T T T TV which is used to evaluate the transferability of
e iy W § e ornen o representations learned by the source task to the
@ o @ o @ OO0 OO0OSS
Ma;_sk e rTrEe T ST Te K ‘t - Add scores of similar tasks for new task target ‘task

(S G S - G v Scalable Mask Selection Pruning (SMSP) : fast-

LEEP score = 10.84 .17.52 18.93 15.05

adapt the pre-trained model to downstream tasks.

New task Find similar tasks

One-Shot Pruning for Fast-adapting Pre-trained Models on Devices, Haiyan Zhao and Guodong Long, arXiv:2307.04365v1
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Fig. 2: The overall framework of the proposed knowledge factorization. The factor
networks are trained to mimic the prediction of the teacher. The CKN learns to
maximize the mutual information between input and its features, whereas the
TSNs are dedicated to minimizing the task-wise mutual information.
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“Factorizing Knowledge in Neural Networks”,
Xingyi Yang, Jingwen Ye, Xinchao Wang, ECCV
2022.

‘Teacher MNemvork Multi-Talenred Tﬁmxl\!l'\\mk Aulti-Talented Teawa\!mwrk

»
i,
" Sinele Stademt Network " Mt Talented Student Network Mulpis Studens Herworis mith Inds
(a) STL25TL Knowledge Distillation (b) MTL2MTL Enowledge Distillation (c) Sub-Knowledge Distillation

Multi-Talented Teacher Network ——

|t e

" NE)
XRetrain & Finetund| C—J!C__JIC )

Fig. 1: Illustration of (top) 3 types of Knowledge Distillation and (bottom)
our proposed Knowledge Factorization. (a) Single-Task Learning to Single-Task
Learning (STL2STL) KD refers to distill a single-tasked student from a single-
tasked teacher, (b) Multi-Task Learning to Multi-Task Learning (MTL2MTL)
KD stands for distilling a multi-tasked student from a multi-tasked teacher and
(¢) Sub-Knowldege Distillation distill a subset of the teacher’s knowledge to its
student model.
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Figure 2. Diagram of the proposed generic-to-specific distillation (G2SD). [M] denotes mask token. In the generic distillation stage (left),
masked images are converted to patches and fed to both the teacher and student encoders for feature extraction. Feature predictions of the
student decoder are aligned with those of the teacher at both visible and predicted patches. In the specific distillation stage (right), student
models are trained to have consistent predictions with teacher models fine-tuned on the specific task.

"Generic-to-Specific Distillation of Masked Autoencoders”. Wei Huang, Zhiliang Peng, Li Dong, Furu Wei, &
Jianbin Jiao, Qixiang Ye. (2023). 15996-16005. 10.1109/CVPR52729.2023.01535
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GenDistiller: Distilling Pre-trained Language Models based on Generative Models, Y.Gao, Shilei Zhang,Zihao
Cui, Chao Deng, Junlan Feng*. Archive-2023
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Figure 2: Different attention mechanisms via different flatten manners. a) flatten to T' x H length for attention; b) flatten to H x T
length for attention; c) the approximation of b).
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Two-dimensional Attention Mechanism:

f € RT*BxD ‘ M € RHXTXBxD

Tis the frame numbers related with the utterance length,
B refers to the batch size, D denotes the feature
dimension, H refers the numbers of hidden layers to be
predicted plus the original feature. [HXT, B, D]

Distillation Loss

L9 = £ 1+ arl,

T
=y 7 % [ = |~ Atog e (eos (R, azﬂ))} ,
1
=1

(1)

GenDisiller: Distilling Pre-trained Language Models based on Generative Models, Y.Gao, Shilei Zhang,Zihao Cui,
Chao Deng, Junlan Feng*. Archive-2023
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= gradicnt of label generation network = gradient of multi-task network

Interface

Transcript— l o @—"’f{:}

v
Loss asr Loss slu SCOres SCOres Lmbuddmp |
Lu]rl-tnsk networ ! ‘I LU Label gendration nemar
ASR decoder SLU decoder Intent type ((Siocne ”]"“ vEl
{ Transformer) {Transformer) classifier n.iusmtm :LS

Utterance
encoder

Acoustic
encoder
(Conformer)

ll ' || | Manual transcript

Training

Evaluation Intent type Intent
[ classifier | iype

Acoustic
encoder
(Conformer)

Slot
type

Slot type
classifier

(Transformer) |hypothesis

Slot
value

Figure 1: The proposed MAXL based SLU model.

Intent Slot type Slot value |

ok

Table 1: The interfaces between the two networks and their at-

tributes.

Fixed Gradient

length flow
List X X
Sequence v X
NER tag v X
Softmax X v
Sum of softmax v v
Append intent and slot types v v

E#5h

China Mobile

Table 2: The performance comparison between the proposal

and baselines.

Baseline

End-to-end
Fine-tuned
Proposal(MAXL)
Proposal(First-order)
Mulu-task

CER
28.76
27.73
21.45
21.21
21.15
21.30

Fl-score
52.00
53.12
56.33
58.27
59.64
59.25

"Meta Auxiliary Learning for Low-resource Spoken Language Understanding”, Yingying Gao, Junlan Feng*, Chao

Deng,Shilei Zhang. Interspeech 2022
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ﬁF— ine-tune >'/->_<\' i Taskl Task2 TaakS i |
‘Aintiule e Input | ["NFA | [ NFA LI NFA | [ NFA | | NFA NFA | |Output
Tnput Architecture 'Module | | Module ~ Module | Module | Module Module
Parameterl /|
/" Frozen \ 2 A _/
> B S
\_Module / N
T f X Figure 2: The illustration of an adaptive training framework
Architecture (+ )}  Output : > &
DAt o/ based on NFA for cascaded multi-task training.
U
> Adapterl | » X )
\ / N/
- Architecture Table 2: The performance of full fine-tuning and the proposed
. Parameter3 | NFA
-><\dapter2 —» X b
4 i Adapt Train Selected NLU
Architecture Method Param. Param. CER
ol Full Fine-tuning 189.25M  189.25M  12.42%
B BA+fine-tuning NLU  14.15M  14.15M  14.13%
(b) Nas based Fine-tuning and Adapter (NFA) Module GA+fine-tuning NLU  14.17TM 14.17TM 18.56%
Figure 1: The architecture of NA and NFA module. Only the hBa 1 81.39% ?5iéx }gsjgo
green and orange boxes are updated during training, in which HRAAIIEICT COmED 81.39 6.4¢ 8L7%
+two stage 81.39M  16.48M  12.32%

the green parts denotes trainable network parameters and the
orange parts are architecture parameters.

"Cascaded Multi-task Adaptive Learning Based on Neural Architecture Search”, Yingying Gao, Shilei Zhang,Zihao Cui,
Chao Deng, Junlan Feng*. Interspeech 2023
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Figure 1: Overall workflow of DeRy. It partitions pre-trained models into equivalent sets of neural blocks and
then reassemble them for downstream transfer. Both steps are optimized through solving constrained programs.
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Stitch Multiple Big Models into one target model
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Figure 1. Compared with previous scalable deep learning frameworks. (a) Network compression shrinks a large network into a small one by

techniques such as pruning, quantization and knowledge distillation, efc., which is a one-to-one mapping. (b) One-shot neural architecture
Slmsmng WJW@ m“m Stltchmg Sllcmng search first trains a supernet that supports diverse architectural settings and then specializes a subnet given the target resource constraint
Layar Layer LGTEI LB‘}E! Lﬂyer during deployment, which is a case of one-to-many. (c) Our proposed Stitchable Neural Network directly stitches the off-the-rack family

of pretrained models and quickly obtains new networks for efficient model design and deployment in a novel many-to-many paradigm.

I

Figure 3. Illustration of the proposed Stitchable Neural Network, where three pretrained variants of DeiTs are connected with simple
stitching layers (1 x 1 convolutions). We share the same stitching layer among neighboring blocks (e.g., 2 blocks with a stride of 2 in this
example) between two models. Apart from the basic anchor models, we obtain many sub-networks (stitches) by stitching the nearest pairs
of anchors in complexity, ¢.¢., DeiT-Ti and DeiT-S (the blue line), DeiT-S and DeiT-B (the green line). Best viewed in color.

“Stichable Neural Networks”, Zizheng Pan Jianfei
Cai Bohan Zhuang, Archive-2023
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Fuse Multiple Models into one target model
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Figure 2: The illustration of an adaptive training framework
based on NFA for cascaded multi-task training.

with Small Models

/Fine-tune T

ok

v
Y
(+ }—» Output
\x_/

> » X |
Module | "
Input Architecture
. Parameterl
/- N —
[ Frozen L alx)
‘\_Modulc/,f N
Architecture
Parameter2
STy
N
> Adapterl/b—h\x/.'—
' Architecture
. Parameter3 |

r/-_ -\\. ,/_-\‘\
> Adapter2 |—» X s
b 4

Architecture
Parameter4

(b) Nas based Fine-tuning and Adapter (NFA) Module

Figure 1: The architecture of NA and NFA module. Only the
green and orange boxes are updated during training, in which
the green parts denotes trainable network parameters and the

orange parts are architecture parameters.

"Cascaded Multi-task Adaptive Learning Based on Neural Architecture Search", Y.Gao, Shilei
Zhang,Zihao Cui, Chao Deng, Junlan Feng*. Interspeech 2023
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Figure 3: The searched architecture of the cascaded SE-ASR-
NLU framework based on (a) NA, (b) NA+fine-tuningNLU and
the proposed NFA, (c¢) NFA with and without parameter control
and (d) NFA with different adapters.

Table 2: The performance of full fine-tuning and the proposed
NFA

znbﬁ/]

Adapt Train Selected NLU
Method Param. Param. CER

Full Fine-tuning 189.256M  189.256M  12.42%
BA+fine-tuning NLU  14.15M 14.15M 14.13%
GA+fine-tuning NLU 14.17"M 14.17TM 18.56%

NFA 81.39M 65.11M 14.57%
+parameter control ~ 81.39M  16.48M  12.81%
+two stage 81.390M  16.48M  12.32%

Y. Qian, X. Gong, and H. Huang, “Layer-wise fast adaptation for
end-to-end multi-accent speech recognition,” IEEE/ACM Trans-
actions on Audio, Speech, and Language Processing, vol. 30, pp.
2842-2853, 2022.

R. Fan, Y. Zhu, J. Wang, and A. Alwan, “Towards better domain
adaptation for self-supervised models: A case study of child asr,”
IEEE Journal of Selected Topics in Signal Processing, vol. 16,
no. 6, pp. 1242-1252, 2022.

"Cascaded Multi-task Adaptive Learning Based on Neural
Architecture Search", Y.Gao, Shilei Zhang,Zihao Cui, Chao Deng,
Junlan Feng*. Interspeech 2023
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