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KX RBIE

Decoder only Transformer&5fd: Llama E{UI4544, attentionfJERERE

Feed Forward
SwiGLU
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IRBIEKT BRAL: 8EHEE, gGREFARS
1. Data Engineering for Scaling Language Models to 128K Context

B Original

- Cut at 4K

Bl Cut at 128k

B Global Upsampling

Bl Upsample Arxiv
Upsample Book

B Upsample Github
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REEKT BRhix: (UBRBAME, ZGREAS
2. YaRN: Efficient Context Window Extension of Large Language Models
NTK-by-parts + BE=H]

The log-wavelength comparisons between various methods across the hidden states.

—— ROPE (context length=2048)
—— Position Interpolation (s=16)
—— NTK-aware (s=16)

—— NTK-by-parts (s=16, a=1, =32)

log-wavelengths
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RRERT RREiA: (LERBEAEME, JISGREFARS
3. PoSE: Efficient Context Window Extension of LLMs
via Positional Skip-wise Training

r
Full-length: 8192 tokens target / original context size = 8192 / 2048

POSE: 2048 tokens

skip
0 |.. 5116560 .. 8095 [1,1535]U[6049,8095]

skip [1,1024]U[2529,4575]
1023 | 3552 - 4575
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Decoder only Transformeri X A &8)I|&infraFF &
1. DeepSpeed Ulysses:

(s : YWAttention BSCIRABIRE, Zfhattention5%
58 FIHITEAGERIELE

[N,d] (Local:[N/P, d])
alltoall comm alltoall comm

L\ S [N (LocalIN/P, ) N, d/P]
*\ EEES N
[d4N] (Locald, N/Pf) [d/P ’ .—-. -

[N d] (Local [N/P |
Transpose —b | Qh Kh

Wy Ki

N, d/P
[d dl [N,d] (Local:[N/P, d]) LG ], —

|
|
|

"-v—’- |
e

|

Wy

N: sequence length

d: hidden size

hc: head count

P: total processor (GPU) count
Assumes P=hc=4
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2. Ring-attention: “XS" Riflash attention
K55 : FHTERY RIERYS
4‘,%," SUAttentlon yjtllZ(Zi!l} eg. Sparse Attention

Outer Loop

Copy Block to 5!
Outer Loop
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Q
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doo J21n0

Blockwise
FeedForward

Inner Loop

FIashAttentlon

Key and Value Inner Loop
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EtPMMRBIEHS

1. Infini-Transformer: {KEIESECICHIBEIEREF=/Dattention

Linear
projection

Concat
Retrieve
Compressive memory &
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Update ' ‘ ?
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ERERS F5ZKiE SUBLLMRGETTE
#FAERattention

ik BEE EmE TN AR eg. fw"‘" AR

y

based XS8! Llama, ETS4EI4: ache
IRHAEHS v x W v
medusa v v

Sk Rattention: eg.
Minference

Kv cache[E4&/52%:: eg.

v

v
StreamingLLM,H20,DMC,CEPE
ColLT5

Mamba2,RWKV

RecurrentGemma: rnn+local
attention

YOCO

MEGALODON
Infini-Transformer
Mixture-of-depths

SUBLLM
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=[o

1. FR—M{CEIRERREEE, RRNFRISREGEDAE,

2. RS EEtokenflAEEtoken, EEtokenFEEE]

3. IS Battention basediZBIETS, 1REBI iZMAAKHE
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RiaRMEEL: BRESTRERI IR FRALEER

EbERFAME

Er= bl Lo sl Esr=a 0 1)

40 ms rate

Linear

40 ms rate |

Convolution
Subsampling

10 ms rate T

SpecAug

10 ms rate T

ConformerZis
by Google, 2020

Layernorm

T

+ )

1/2 XT

Feed Forward Module
+)
[
Convolution Module

+)

Multi-Head Self Attention
Module

+ )
1/2xT

Feed Forward Module
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» SUBLLMZES NiDD A #agzas
ZiEadHE%: 1IB8ES FRERV TR RELVEER
N AFIEEBFERR? Yes!
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Block 1 y Block 3




» SUBLLMZES NiDD A Fagzie
TFiEEMEEA: E5ES FREFERITTR RBVERER

XPFIIBREFETNR? Yes!

Block 3

4 Spectral Filter

For Encoder-Decoder Setting
Block 2

-+

Block 1 o 1 ‘ .

Fourier Transformer &8¢

14444, 2023
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ZEEMRER: BEBES TRERIV TR FRELERER
WA Rigtoken2EFRZEEE? No!

Light MLP Heavy MLP
- | Light Attention




» SUBLLMZE1S NiDD Al #zssus
BMEEE: EEESTREAOTS REVEES

SUBLLM: %#t#(Sub-sampling)- E¥##(Up-sampling)-5=ig&(Bypass) LLM

Bypass Connection_1

Bypass Connection_2

S L‘s2 L U

N
-
-
-
—

v
Transformer
Upsampling

v

Y

v

v

v

v
Upsampling

v

v

v

'
Transformer

> Bypass 7 <

Subsampling
v
v
v
v
Subsampling
v
v
> Bypass ¥ «—
Transformer

-~

Z 5 Transformer

Z 5 Transformer
—

z| >

Upsampling_2

Upsampling_1

SUBLLM #5854 by ’J‘*Alekiﬁa AL AR L
https://arxiv.org/pdf/2406.06571, _\acce_pi’e:d by -' EAI*2024'.-,-:— ey -,'L P TR
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ZEadmEL: E5ES FRFERLDTUR FEVEEE

SUBLLM: %#t#(Sub-sampling)- E¥##(Up-sampling)-5=ig&(Bypass) LLM

Blocks ~ S/U Num Model representation

15 5L_S1_5L_Uy_B1_5L

]
5 2 sLE)sLESL0 B) SLULB) L
24 2 5L Sy BL So 4L Us Bos 5L Uy By HL

FRRIEN BTG, BREEHE, FHTRE+ &N LERE :




» SUBLLMZRtS NiDD A Faszes

Learnable Subsampling Module

1. BEEBRAAXEENtokensKREBIEFIIKE
2. (iFHScoreEkffi=tokenfJEEH

UK, indexiEiE
FnR R RELLEId

Score i858 1 tokenI 9
B15Z%lweight

Wy, = CLAMP(BALANCER(sn, [0,1]))

7 = {i|w; € TopK(w, N’ -

Bo; E< ]
frEindex, F3Findex 7 = {ilw; ¢ ToPK(w,
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Learnable Subsampling Module

pbak: FRRIISFFIEERIA—ENE

(I ERIE TR RelPos(x;,x;) = ROPE(x;, X}, (Zi — Z;))

Inference Mode: IBRIEAZIKR¥KEtoken, IZEEEHO, IEEHS{EMtoken{REE

I‘i'nfcr — {Z|w, Z ’U}

Balancer: @idXJt6E #1174 KRFscoreAIELIEL = i‘ﬁtﬁ'F%ﬁﬁ%twu " .
Q{RRIEZ2{ERItoken
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Upsampling Module
B ERERNtokens5[RIGFFI S HEIREFIHSE

ihb2: AREEStokenfIFTL1EIFER]S, {#EscoreER/tokenFlBlEES]

Wiept = INDEXSELECT(W,Z)

Waiscarded = INDEXSELECT(w, Z)

Wsample; ~ UNIFORM(E), fori=1,2,...,N’

Wscaling — Wkept — Wsample

SIFEAH0, FEiweightkr), (BEGHE

Wscaling,i * g(xi) = (]- - wsca.l'i.ng,'i) * Xi, ifiel
Xnew.,i — .
X;, otherwise
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Subsampling and Upsampling Module

\ Reconstruction |
clamp T

1.5 05 0.8 -03 0.2 -04 11

t ” TransformerBlocks xN

score balancer U
scoring layer
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» SUBLLMZES NiDD Al #etizis

Bypass Module:
1. FREFLEREFRIFEFINMKRT, per channel
2. 1| ZRAIUN SR IEFNIREE.

Variant Valid Loss|

SUBLLM 3.66
- Bypass Module + Residual Connection 3.72
- Bypass Module 3.73
LLaMA 3.69
——————————————————————————————— L
&
® y a
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Y EbGoogle: Mixture-of-Depths (MoD)
1. 8EBEtokenEEZEH
2. MoD §iais— 1 block{i—iRtopkhitokenifik
3. IiE50%

Mixture-of-Depths

Routing Decisions

Sequence

Vanilla

Transformer Early-Exit

) Use block
() Route around block

Sequence Sequence

Mixture-of-Depths {&E84EH] by Google, 20: oo |

A T.‘
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» FEESCIOsLE NiDD A #aszas

Pre-Training Corpora
SlimPajama, 100{Zt28YX/\tokens

Pre-Training Details
SUBLLM 1.3B vs Llama 1.3B, SUBLLM{{XZ 78192/ &%k

SUBLLM 2)XTF¥tf, m=EAIithy SRBELHI{40%
BF16, Flash Attention2

&<k 4k 8k :
(K22 HScaledAdam :
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» FEESCIOsLE N\iDD A #aszas

Pre-Training
Efficiency Speed-Up Max Speed-Up

Inference

TGS?T Ratio} Mem (GB)J TGST Ratio? Speedt  Ratiot
LLaMA 16.976 x 1.00 65.99 18.856 x 1.00 17.83 x 1.00 18.49
SUBLLM 21,341 x1.26 55.81 24,773 24.43 17.29

Performance Pre-Training Few-Shot Learning

Valid Loss] SST271 Amazont DBpediaT  AGNews?T Yelp?T Hatet
LLaMA 81.01 86.54 45.70 64.77 87.59 45.18
SUBLLM 91.95 94.57 42.97 66.05 94.24 32.23

Uitk 26%
B AEL 31% ,
HEBELY 37%

g5/ EBSFRY 10, 1GB/GPU Y
Fillivalid loss 5F -l
Few-shotgDil & BT 4 - A D e
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» 2r5idie NiDD A #aszas
Fiaill < hniE

Model Context Speed-Up Max Speed-Up
Size Window Model
TGST Ratiof Mem (GB)] A Mem TGST Ratio?
ok LLaMA 85,925 % 1.00 60.16 - 85,462 % 1.00
SUBLLM 107,260  x1.25 53.76 -6.41 107,859  x1.26
Ak LLaMA 77,590 % 1.00 77.66 - 77,423 % 1.00
SUBLLM 99,209 x1.28 69.03 -8.63 100,425  x1.30
LLaMA 64,959 % 1.00 74.15 - 64,741 x 1.00
SUBLLM 86,227 x1.33 66.03 -8.11 87,261 x1.35
LLaMA 18,405 % 1.00 72.99 - 20,284 % 1.00
SUBLLM 22,831 x 1.24 61.80 -11.19 26,219 x1.29
LLaMA 16,976 % 1.00 65.99 - 18,856 % 1.00
SUBLLM 21,341 x 1.26 55.81 -10.18 24,773 x1.31 .
LLaMA 15,080 % 1.00 65.89 - ) % 1.00
SUBLLM 19,390 % 1.29 56.19 -9.70 )
. ,‘.:.-b _,l"'.":f_'._?_.. ,}-;' .' t..o
L o i ¢ s T L2 ‘
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HEIENIE

B, HEEmEsS
SkEKNNES50%

Context Actual First Token Non-First Tokens Memory

Window Model Retention T
Latency (ms)| Ratio} Speed? Ratiof Mem (GB)] A Mem
LLaMA - 695.16 x 1.00 20.82 x1.00 6.98 -
SUBLLM 43% 496.66 x 1.40 26.71 x1.28 5.63 -1.35
LLaMA - 2,051.59 x1.00 17.83 x 1.00 18.49 -
SUBLLM 44% 1,410.94 x 1.45 24.43 x1.37 17.29 -1.20
LLaMA - 16,249.11 x 1.00 12.38 % 1.00 61.05 -
SUBLLM  44% 975840  x1.67  18.80 58.61 2.44

2k

4k

8k
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IRBEERFARRIALES —_—

Valid Loss] Ratio Valid Loss. Ratio

LLaMA 3.725 - 3.693 -
SUBLLM 3.743 x1.33 3.687 x1.32

SR T REIREIFREGLELH -
EbI75%valid lossEAR TREXE2IREIN

I Valid Loss (40%) ~@®~ Speed-up Ratio (40%)
Valid Loss (30%) Speed-up Ratio (30%)

Il Valid Loss (1) ~&— Speed-up Ratio (1)
Valid Loss (2) Speed-up Ratio (2)

-y = .
o [N EN

Speed-up Ratio
Valid Loss
=
[N

Speed-up Ratio

e e—

LLaMA Valid Loss 3.693

=
o

Valid Loss

100% 90% 75% 50% 40% 30% 20%
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SUBLLM it

1. IRHSUBLLMFRZRS
BEa T FREFE. EREFHSBIRIR
SRS tcta EERItoken

2. IR 7T —%h token FHIFRIERIE
_Juﬁx&tlim]g token EE M S EFHTRENEHI 2 EED
(I IERSCIFEN T RFREE

3. 5 Llama {=828LL
SUBLLM fEilIGFN#EE D E 3 5USEM 7 I0E, ISINiE34%, #H#EB50%  *
FERNSEFEETRERS, RIS 7IEBEED -

: .

e - ™ -
v L "!‘ . " '.'_.- L. N ¢
™ wa aw s ,n.\ L I T .
- - ¥ o Pk ‘.-\ ’, ﬂ’ ol o~ =
§ o3 PRl LR 4"’5.. 94'%\{ s, g sk

W o o BT St “" = Y R .v‘.-&_f"‘?" G
L] . "., ?.‘t'v“‘""“ - A ey ' e 3 .z . A “ahe .(l.
g (R i 1 AT PR A b Tl g s.",..-- g T T B e

T e O R S RO N il P il D R

al " R D, ! e 'r',-";'- I P ST s . o T S I . ¥ '7




» BESRE
RREATISH

1. A[EfJtokenizerGAEH
A ER{RESUBLLMEZSHEA9:8
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