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Towards Seamless Communication for Sign Language Support: Architecture, Algorithms, and Optimization




houses
@

cat —| 0. . . . . . . Dimensionality
reduction of
word
kitten —| 0. 4 X b N - X embeddings
from 7D to 2D

: == , cat
dog —| 0. . ¥ ke £ d=0.8 O.kitten

houses — |-

woman

man — i ’ ;
Dimensionality

reduction of
word
embeddings
from 7D to ZP

woman —

queen —| 0. 10 9| 0. 5(-0.9

\

o rall Y N ——
Word Word embedding Dimensionality Visualization of word
reduction embeddings in 2D

TRV EEEEREEEY i@AE (word embedding)
ANFKES MaSiEzENUEXRR




R E A EHin) 2[RRI E

® RAPEHE: Wih= (H@E) &
TEHPN'ELERE". ERRY
MR ENENER. RIKER
B/, HARADEEMER;
EBX, WHAZEREKX.

n

Euclidean Distance = Q Z(Az — Bi)z

i=1

¢ REZMEMNE: BOEEZ(EES
MRZEXRGEE(NBEUE.
ERBR T AN EENTIREGH
i, MARDEENKRN)N. Ei&E
AT R mEZRME (23R
ME) .

A-B
4[] < ||B]

Cosine Similarity =




1) [R E EE BRI ER P

FHEHRET, B—NtECEARN L TTFREREARERN. W:

« (1) The animal didn’ t cross the street because it was too tired.

BRREE 5, AAEARET. )

« (2) The animal didn’ t cross the street because it was too wide.

BRAR=MEE S, RASKRET. )

- M, FHROEAEEREFE—MIRE—TEE, XUT—ERERIERIRY
IR, ANMETRRERIX AN E)E?




TS INES ETFIGER

- NiESERENE I FERTransformerZgis, Tutﬁ RIER— N ETHEXERE, XEBRTIE
Fial A EF0 AR NIRRT SERAY a)RE
—Aﬁﬂmﬁi X, T&&ﬂ&?b%% KRR TFaFHRNEE LI TYERE (REEEEE

HIER) .
ABERERE, BERANDT LIRS, R LA

ANFEEERIICEY., XENEE, BITTLARZ/9EEIINE (attention weights),

ItSEAERIFZ ERLEEINE, @EI’JWo’%%LTWEE’J*EXTk/J\
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- KEERE (LLM) SRS ABSRFRAREENRERBEIINANA N RIERFRIE™. FBALLM
[B1Z A RRAYFEE T+ ANE?

©  AETERFAERFHPERRKETIRIIMESEEERER, NESRENRIEEEEIRDAIHT
BT,

« X—RIRBSEAERREY, KNESERESETREANARRIEER F—1amaail, EREE
AR R ILE,

T
HTRERGIN

SERE—MIKERIG? ] e

NiESERE




AR E U T(ERY

- HEFRMEEH: KREARREZE, BRETEH=RVIENAL,

*  BBAKRELEAAARRTER N—" AR ?

-« SEfRL, X—IEAKBTEREANESNS, XESHEIKRELEN)GFRAMERE, 55
THIENDBANE, NMERERESESE L T MUllH&ESEN T™—NE. #H, 33X

cERSENHEERIHES.

SR TTHEE IR

f_<

fOEER 2K RIE? )

U
=Y

Y, RGHNARIE

-0.01

2.34

1.09

« DeepSeek-V3 j#&Mhx 26
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« B: Billion 10{Z
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Spreadsheets-are-all-you-need: 7x Excel 52 £3LI 7 GPT2 RYRIAHEIEIZTE,

| 2 L8 | 4 | B | 6 | 7 8 _ 9 _ 10
1 Type Prompt Below Here Predicted Next Token |
2 |Zhejiang
3 | University
4 |is
° | a
6
7
8
9

' good
university

10
11 |
12 |
13
14
15
16
17 |

19

» README Type Prompt Here -If’.rompt_toj'-c.auléens Ebns’rants Tokens_to_Text_Embeddmgs BJock_O B f-b\. E [ |>.|




ARBESHRIEETFISEIRY?

B—M =R BT RFENSEIN) L FIIRKES.

REES ILFEE
(K) (K)
1.65 1.69
1.72 1.75
1.78 1.80 761 7=0.516x+0.856
1.83 1.79 - (B7RH)

1.90 1.83

- K, XIESHRENSHERBY RELENFS, FHABMICHLRY, K2
TEHINREGEI2E00, LAUEIFhBVEUES T Bt INAD LA &R .




Tl 4%

JRIBZSIRE
FHZRNFL
SRR

B S R |4
T —N3

ERE , B RERE

il | TaglcPy, 85
- ~E: GPT. LLaMA.
FEAY

KRB %55t

Ry
IEOHIR
HhRmEIEY
<HF1E<, WhES>

B
Hl T —i3

IESHEERE

1-100NGPU, X
7~: Vicuna-13B

B RNEAEN

XIS
BRI

—ITosiEE

TN s — 2RISR RN

R

1-1001NGPU, #X

BT

5 EUE
+RRIES

SEAFS)
ERERANREIRYE

SR SIHEE

1-1001NGPU, kK
7~ ChatGPT,




Tl B

- EREN)I1ZR (Pretraining) 3T, RFBUBSSIRIFIISIERFEOR)IGE, XEEEREEERMIM I,
AEAR. B, GitHUb{UIBE, FANEMIXAEFEFHREIRER, FASEXTICRRKRIISHN
IBHE.

- BETBRITEER (ERETREMEGPU) MIomIVIIGEZE, BEMUREHZNBRINTIZESEH, &
R E R AR XIRARRE SIRIEBEAREY (Base Model)

+ DeepSeek-V3REF)I|ZRERIER S 14.87512iA7T (Token) ,
« HILNABNEINE: FE 47THEAEEES, BETNEAELIENFRERNMEZEIS K.
. (BigEF Moken2—Fukl, 14.8H1ZBULEIER 4.5 METIKIZS.




Tl B

FlERr ERROVIEGR T i -
SEFTHBEEESS (Self-supervised Leaning)

EFUZRTER, ALERERESAIESFHh X —18iE, *ETE%U'F%ﬁE’\JJ:'FIﬂ%iEE\, RIFtllREER 18
A HIMAEER, X—dEA BEEFY .

JRig: — JEEE TR £ BIKA LEsLE
BhReiE: —W 5% 178 £ IHIX A9 LER

FUNiEss: — 7 &8 17 £ IR Ay st




IS HIAMER

ESHIRMERRIIZTGE:

« 1ESHE (Instruction Tuning) , IMREWRERA (Supervised Finetuning) , E—MEIHEE
BURMHBRMR(ESSIE S RSO S HRIGE. EEES, RERNMIEIMASHIHIIMRETXER,
EEEZNEERIIEHFHNITSEESES.

IZM RS EURERE R/ > ESREFAIM, XEFAESBFMARRRA (prompt) &KHE
XS R RIS I (response) 55, MIR{RIREL SENE ERRIERRF I N AT E(ES =K.

- IEHIEEEERS

+ #&2Nia (Prompt) : iMIAKFRIKRERSE?

- HEBHIE (Response) : #IAFRISZEIAZT1897FRIRER, 1914FF0, 1928FTRKEPFaIAULFE
EINIRSE, 1937F85%P0iE, mEX. BEFMDFE, 19465 KEEmM. 1952FFDREREEANFERE
BeAEMSRR, EREBBOERMEBENETRRR, ER3ARARININE. fulXE. IR KZMHNT
ERIAE. 19985, EREIFRIISEIMGH, HETHAMNIKE.




IR Rt FS

REER (Reward Modeling) : fE— 1 EESTEREER NS HEERNREEE (Reward Model)
EEUEINE, REBETSEMEENRE, MAEHEMRISUARAKUERN. TE2XAET AEKIRRY
s> (RLHF, Reinforcement Learning from Human Feedback) 5%, 1REMRIERFIEEAI/RIE
RS, NMEMERE AXRTFIISA.

Step1

Collect demonstration data,
and train a supervised policy.

A promptis
Explai ‘ a0

sampled from our
prompt dataset.

Alabeler
demonstrates the
desired output
behavior.

This data is used
to fine-tune GPT-3
with supervised
learning.

Step 2

Collect comparison data,
and train a reward model.

A prompt and
several model

outputs are landing to a 6 year old

sampled.

Alabeler ranks
the outputs from
best to worst.

This data is used
to train our
reward model.

Step 3

Optimize a policy against
the reward model using
reinforcement learning.

A new prompt
is sampled from

™

Writ t

rite a story
the dataset. about frogs

1
Y
The policy PRO
enerates 2
g .//?..&.

an output. \.\4.9_{/

The reward model
calculates a
reward for

the output.

The reward is
used to update
the policy
using PPO.

1833 EhE N 20

EIE: L

BREE M

(reward)

t

RIGFERTSHEN
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- EIERTY . HEEIRRIZEIEREE

HITEZYEIR IS RENES
=8 (LLMs)

- XEARBIGEEANEBTE R Z CHE

S, ITEEDITHER, BF
RSN PEPER, R
MY BEIEFRRE A RIHEIR BT,
RREN AT S RAIESS, A%
I, EEFIERS,

- R SRFEREERATLIE

ERHANEN. Bt efl]
A B HIERZE S,
N~BIRpf~, BUR, —LEHEE
BILLM (%00penAlfdo1) &
BHTZIRIEN, MXEFEZT
BUA=RRERP.

T2 2EERE

A& JoyREfE203thAREE8TUH. MFBES /T BEIESE 12000457

e

JoyEE5NNET A BEIESE 1201,

-

~

/

[ —AINESBE05 %, 205HFTLL
2P LEEE?
60 + 20 = 34,
B, JoyS/NHATLAEET x 348
= 2413,
BE, JoyBZEix1200n, i Eh
EEAOR )
120 + 24 = 5/\ed,

FE, JoyRE5/N\g A REEETE120
.
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[ DeepSeek-V3 (671B) ]

RL with accuracy

& format rewards

A4

?

SFT
DeepSeek-R1-Zero (“cold start”)
data

Train with “cold start” data

RL with accuracy, format,
and consistency rewards

v

- 1 SFT

. (knowledge)
data

RL with rule-based

verification (math, code) ———¢

and human preference

[ Llama 3 & Qwen 2.5 ]

DeepSeek-R1 ]

v

DeepSeek-R1-Distill-Qwen (1.5B - 32B)

[ DeepSeek-R1-Distill-Llama (8B & 70B) j




HEIRISRIR 1-Zero R EHHE R — SRR

{ DeepSeek-V3 (671B)

v

D

RL with
accuracy &
format rewards

SFT
DeepSeek-R1-Zero (“cold start”)
data

Train with “cold start” data

v

RL with accuracy, format,
and consistency rewards

SFT SFT
(knowledge)
data

|

RL with rule-based
verification (math, code) ———¢
and human preference

YIIERARRR

A conversation between User and Assistant. The user asks a question, and the Assistant solves it.
The assistant first thinks about the reasoning process in the mind and then provides the user
with the answer. The reasoning process and answer are enclosed within <think> </think> and
<answer> </answer> tags, respectively, i.e., <think> reasoning process here </think>

<answer> answer here </answer>. User: prompt. Assistant:

DeepSeek-R1-ZerofJt&EHR, EIIZRIFIER, promptiEH
S N EIRRYHEE AR,

g5 7 e

- HEMEEED: 1+1=? &FXI2E15, B0

DeepSeek-R1

v

] [ Llama 3 & Qwen 2.5 J

?

DeepSeek-R1-Distill-Qwen (1.5B - 32B)

[

DeepSeek-R1-Distill-Llama (8B & 70B)

)
J

- 1&LEE: BEEE <think> </think>
<answer></answer>E|’J1‘§T, B1EE1o,

SN0

AR AZAY R !
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DeepSeek-R1-Zero average length per response during training
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0 2000 4000 6000 8000

DeepSeek-R 1-ZerofERLISFEH)IIZRE LRI IKE, DeepSeek-R1-ZeroBAMF S V1BISFZ
B E R ERRRIEIR(ESS. 2B BEIFap I AR E R ) || 4R B |




HHERBIR 1 2GR —B S SRR FS

o DeepSeek-R1-Zeroffffa: BliEMEZE (poor readability) FiESEE (language mixing)

{ DeepSeek-V3 (671 B)]

J

RL with
accuracy &
format rewards

SFT
DeepSeek-R1-Zero (“cold start”)
data

&
Train with “cold start” data ——@

RL with accuracy, format, X
and consistency rewards SFT
(knowledge)
data
< J I
RL with rule-based
verification (math, code) ﬂ
and human preference
——— [ Llama 3 & Qwen 2.5 ]
DeepSeek-R1 ]

ARG R ~

?DeepSeek—FH -Distill-Qwen (1.5B - 32B) ]

[ DeepSeek-R1-Distill-Llama (8B & 70B)




. FFDeepSeek-R1F1DeepSeek-V3r=4aykd

RL with accuracy

IRBIIE

[ DeepSeek-V3 (671B) }

& format rewards

? DeepSeek-R1-Zero

Train with “cold start” data

RL with accuracy, format,
and consistency rewards

RL with rule-based

verification (math, code) ——¢

and human preference

(“cold start”)

—AA/IELLM,

o RURIER.,

data

E— SFT

(CoT)
data

\

SFT
(knowledge)
data

|

DeepSeek-R1 ]

4—[ Llama 3 & Qwen 2.5J

DeepSeek-R1-Distill-Qwen (1.5B - 32B)

' DeepSeek-R1-Distill-Llama (8B & 70B) '

TR ANRAUHEIRR B ERIEUE, AT LK/ VIRR

Model

AIME 2024

pass@1

cons@64

MATH-500

pass@1

GPQA

Diamond

pass@1

LiveCode

Bench
pass@1

CodeForces

rating

GPT-40-0513
Claude-3.5-Sonnet-1022
OpenAl-ol1-mini
QwQ-32B-Preview

93
16.0
63.6
50.0

13.4
26.7
80.0
60.0

74.6
78.3
90.0
90.6

499
65.0
60.0
54.5

329
38.9
53.8
419

759
717
1820
1316

DeepSeek-R1-Distill-Qwen-1.5B
DeepSeek-R1-Distill-Qwen-7B
DeepSeek-R1-Distill-Qwen-14B
DeepSeek-R1-Distill-Qwen-32B
DeepSeek-R1-Distill-Llama-8B
DeepSeek-R1-Distill-Llama-70B

28.9
55.5
69.7
72.6
50.4
70.0

52.7
83.3
80.0
83.3
80.0
86.7

83.9
92.8
93.9
94.3
89.1
94.5

33.8
49.1
59.1
62.1
49.0
65.2

16.9
37.6
53.1
57.2
39.6
57.5

954
1189
1481
1691
1205
1633

DeepSeek-R1-Zero
DeepSeek-R1

71.0
79.8

95.9
97.3

73.3
71.5

50.0
65.9

1444
2029
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DeepSeek+Kimi: B4R PPT

mnaTIEillse

markdown

# L AFHERE

# HF

1. fIEZSRERE (1897-1927)

2. EFHTTAEEETEE (1928-1949)
3. RRBFRSEZE (1952-1997)

4. MFFEHSIMEERE (1998 %)
5. WEMILSHERER

# —. NR5R AR

44 1897-1927 | REBRM#EE
**1897HF*. FIEITHBEIN " RERIR". DEREFISFEN-—
*¥19015F**. BEN T REFE"
191280, BEA T AT ER", antE. BEEEFER
*%19275**, PR "B=dlAF", FEEHE

[FEPFRERER ] (https://example.com/zju_oldcampus. jpg)
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PSRRIV EF EHEE

Q PEARFHERRARERT

WEERS 15 T LIRS R RN _l_ _li\ @

FFiTRI2.0MNER NG d wisdomBot |

& (2018) 85
B8-=RABREE InfiAgent}EIE KR EY

InfiAgent-DABench: Evaluating Agents on
Data Analysis Tasks

&8, BAR. EETHET (8F). &7 (BR). VBT ‘O o A . o L
(B). ®h, FEEFZREERER. MEB. VBE., B, %Hl‘/\llﬂ (=] ]EEH#&EE

BXEI (21 #ET (B), PEESSEYE. DEARESS
e

ERSNREROFERNAR. £SNEE, HAEMEN KAERIEZ 2 LIAIR 0 ERNER [ FE EFF IR

BRARATZESIHEBERRNERMBES. RIE (MEHFXT
MRBIRESKTARAE 2ERSATEFENNEL), HHME

MEERSARHR AP EFRITRI2 ORI U TER. ﬁ*ﬁﬁ}%ﬂ%"—fﬁ (Socrat Xe MethOd) E’J*Z’D*Y_:.F %ﬁ)ﬂi#z—
~ poes BEEFEERMR, ﬁ'ﬁze#‘ﬁ?@%i EBEMMIRMELE, B
R S TR (NS B 2 B RAISERO -+ AR —ZHEES| S, 17118, B)EFEHE, }%T 4 B gl oF

, SEETUBHARAES, BR—HERSFETBRE

, BEHED. TEAMSIN, QLI HR. EAHHE BFMAE, REMINE Eﬂt?&iﬂ%u&'u FHIEMmILEIL.

. RAMEEFREME, ERIEF I ERFRRARATT, AR E
ABZNEZH SR RRBENAT, HMERERIREAEREE

RO SR 5, 1:’@ E% *g,ﬁf&itﬁ %"_El W Mﬁba 5 ¥, S°¥
- MHRAMNH B RENAMUET ?F?;E
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LA REL: /5Hpython5EhkERZY eigen_train:
def eigen_train(trainset, k=20):

VISR (eigenface) ENERVSCHN

:param trainset: {1/ get_images BRE{SRIRVAMEBIFRIABS
#EIEE

]
smaErnme I SSERTREN OO AT AT G




R, B7%, HOFETEIGEEITFIAR, RARZIRZNETE

bRy, FAE—— PR piX e,

4 ABRIE?

FIAARTEAE AR np.sum() RERIETEEIEI TR, RaBBLAIRSSXERI TR,

y ; FHG/ENTTE

¢§{EA%\E}L H:}python ”’LOEFSR EIQEH MR _
def eigen_train(trainset, k=20):

UHE;}‘:‘F.S ﬂTm -(EIgE[]iace) E};&E—‘Ji‘:ﬂﬂ

param trainset: {81 get_images BRE{S2IRIMEGF I ABE
R B . . A
—J

SSEERTREN OO oA AT G

s mem e s

HI
>
|

I




CEAIIAR. RASRRIIMZNETE

um

R, BlRE—F—EihsmiXNolE. 8%, BiSEiE1E

4 ABRIE?

AN TLUBITIER np.sum() BECIFTERIBHITRIN, ASERIUSEARREEITIIAR.

(TR EIERRY, FNIEXHE  BAIATLUER np.mean () ERECEEMIXMIFE, np.mean (trainset
€ EJLAE‘ﬁ't'b‘i’_'A‘f’iF'H'JT* &, /K*U?—'}%Tt’%)\ﬁﬁ—?: BR, FAITLAERE0HR T }J‘H’Jrhf ML

axis=u

BB, (RAEMETTIR—0D?

FHEARER np.mean BEEEAEHN, XBEH axis 2EEHAERRE? (REFE—8mFE? -

y ; FHG/ENTTE

¢§{EA%\E}L H:}python ”’LOEFSR EIQEH MR _
def eigen_train(trainset, k=20):

UHE;}‘:‘F.S ﬂTm -(EIgE[]iace) E};&E—‘Ji‘:ﬂﬂ

param trainset: {81 get_images BRE{S2IRIMEGF I ABE
R B . . A
—J

smmem e I SSERTEHT OO oA AT

K
r
f




ean_axisl ip.mean data, axis=1
o 51
: . ean_all
FERHOEER D, np.nean(trainset, axis=0) EIFET—FIRTEFEHE, 552-*5‘-?"4‘,1'[]%-‘?““ SR MEFUERF
HE, MNMERFIAR., &T ﬂz ]—JL,UE TEGRRYRICMARLIE, (RRNENMETIX—509?

EREaEe, hoMpMNER BT EOAL, EEE M ARBEGIHISEMAER, XML EREIEIREE, 8
[SEESHIBRRENER. FREIRRIEHD?
FMSEHIE : norm_img =trainset - avg_img

HEARSEIXL: 7EHpython5SRkEASY eigen_train:

def eigen_train(trainset, k=20):

ISR (eigenface) EGEAYSCHL
:param trainset: {8 get_images HE{ERIRVAMBIFRI A RS P ——
IR = 1
e e FEEA R EHTOO AL STk L

D




FW%IEHETE'F' np.mean(trainset, axis=0 u_ r_rf;ﬁ ZQ_J:-_.'_—':].—\“J”—-.: ""’1‘1 ?E“]?TEE 5J‘ Jﬂ/\% I{ ﬁaf]\__'L
I8, {FEEnEETx—Eg?

98, WTTHHTIAR, BT, RITTLUAFREN AL
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