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B #ridi: tokens, FPERMN R DAEE T

LLMBEY 5145 =

B 5t IR50: SEANTRAIR LG, WAERKAAREHF IS 3 72

O *?‘i""]’\iﬂ (subword tokenization) : 3% th &9 F5F & 4E 5 —/~token, K
e o mE e, AEXGTEAEEZFH,

N s;zl&TokenlzeréfJivﬁﬁlb’& é&‘%ﬂ:
[0 BPE(OpenAl GPT % %1{# H) Tokenizer
0 WordPiece(Google BERT{# H) //\
0 SentencePiece(GooglefJT5. DeBERTaf# H) £ £ *TE
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https://arxiv.org/abs/1508.07909
https://ieeexplore.ieee.org/document/6289079
https://arxiv.org/abs/1808.06226
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B AR EATFE GEERAFH)

B REAFEmMAARARE AN ; BT FIBRBKRE “FHEALL” , A
Tokenizer #38 L%

BPE&Y i AZMAR A 5 3] —A #7174

— PR RANR “e” Al “s”, 23 “es” HILRELE B Z I, widll'e 2B ARIL: SR )5 “es” A
“ONAHF I, PEIFECest”, & ATHEI “newest” HAF 5 HEAIRNA HLIT
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https://arxiv.org/abs/1508.07909
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BPERIA &
B BPES#EIL “FH” ARKAELE Tz LAKRRIF

B ExTFHdL, BX. £ZemojiFI T FH, HUnicodePT A FHAAN
BWILk, WLATFEFTER, AMARKEEATROTH.

WL’ (Vocabulary) & — > MToken4F 5 21D LG 78, HO/NRREESE (Gl
WAL R JLR 28]

FTHBPE
AT LA A FHIH R, TR “FH” HELKELFITBPESH,
M, TR L. BILLRemoji, FAANFIHF .
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https://cdn.openai.com/better-language-models/language_models_are_unsupervised_multitask_learners.pdf
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B =4 -F: Hello, | love University of Science and Technology of China

B 53E4FE: [Hello, '), 'Gl', 'Glove', 'GUniversity', 'Gof', 'GScience’, 'Gand',
'‘GTechnology’, 'Gof’, 'GChina’]

JB &) F 69 218 e AT B ST 5 A A 5 5 R T % ANtokens

AP FH4 G AT2A4, ABPESEEILF 4 &,

B PXEqF: REFEAFHRRKKF

B pE4ER: [lj’, 'JIX’, '4NaLl%', '¢c8ijaN'xIGal™', 'ac§aN’]
Qwen34)BPE 418 5% I+ L 1 X BPE, X k354 69tokens sk R £ & F 7 28 49,
FIT VAR A A AL RAREL A

TATARAL . [, E P E B EOR, 'kf‘;—"lﬁ
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https://github.com/QwenLM/Qwen3
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#iF: Google BERT
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BEER K.

.2 score = (freq_of pair) / (freq_of first_element * freq_of second_element)
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https://ieeexplore.ieee.org/document/6289079
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B HAREXOMTEICEWIENL
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https://arxiv.org/abs/1808.06226
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B #.3ELNormalization
EHCAR, WG —ENE . EREZARTH . Unicodeft Jufih 2

. ﬁé)\iﬂpre_tokenization uDonlt Worry.” > [”Don", |||||’ “t“, n Worry", ||.||]
R T BRI ] (0 23 A TR ) 5575 )G AT 20 0 1 i< B vm] > Bl REURE B 1Y) /7 B
B 53 Tokenization [ “ worry” 1->1[ “ wor”, “ry” ] (BPExfI)

N _F iR BPE/WordPiece532%, 4 17317 Ja B A Btk — 22 0 Bl % 11 1] Tokens

= %aEncoding (1234, 13, 456, 789, 2345, 90] |
1445 T okenBJe S 21 1] 71738 6T B ) E— #E501D

B RedFsrTokens
PR 4 75 ZEUS s BY A F ) RF 7R Tokens

fRAL . #3733 A42, & —EToken IDs# = F 45 &,

B wor” Hl “ry” 1B PR “worry” , TiAE ¢ worry”
WS (SIEEEAEARH ) FEMH 8
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WA 24, AR T REZFI T L4598 T R (dmjieba),

RE HERHM TR KA T H % (deSentencePiece) - HEAN X FAH — N4 55

— L PkEx

B OR—EM: B —ANEARE LT b T A R 4% 3 7 X

B KERNEF: TokenF7|KESFRIEFHEORE (wFHH) TABEE
Pl — AN SUFAF T R AR AN 2 £ N Tokens (2 .78])
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https://github.com/fxsjy/jieba

X &L 0

—
o &
%. 4

o )

Wbl KEEEamEttntmen  TEAZAARS

- . . . . 5 Type One-hot Table
. split i=256 t0.0=2, i.1=4, i.2=2, i.3=16, RE=H yp
Schedule Primitives 3 = BUE 1,0, 0,8, s 8, 0
split, i, 256, 1.0, 2, i.d, 4, i.2, 2, i.3, 16 Conute 0 0, 1, 0, ... 0, 0
split i=256 to i.0=2, i.1=4, i.2=2, i.3=16 Qﬁﬁg fuse ¢, 0,0, 1 0, 0
split j=512 to j.0=32, j.1=4, j.2=2, j.3=2 g parallel 0.
split k=128 to k.0=16, k.1=8 1,0,0,0,..,0,0 1 256,2 2,8 4,4 2,5 16 [chatucter Fokehs - 1
;'('ec')rder‘ i.e, j.o, i.1, j.1, k.0, i.2, ...
compute k.® at j.1 1.0 > b7 1
fusel%.?, 'j(.ag" (aiél"lél'lléo 1.0@j.0@1.1@j.1@ i% i i? g
parallel 1.0@].0@1.1@]. e e — * i i.0@1.0@1.1@1.
fuse ax@, axl to ax0@ax1@ (Pr%m%t%veSequence) S = p ' . i3 5 i.00j.0ei.lej.le 14
parallel ax@@ax1@ (Primitive) P = T ('d | num) ]'? § :ﬁ ax1 %g
vectorize j.3 sol (PrimitiveType) T>7 == split| reorder | fuse|... |32 g e .
(NameParam) id
(Number) num
Tensor Program 3 (a) Abstract Schedule Primitive Sequence
parallel i.0@j.0@1.1@j.1@ (@,1024) 5')1”% (Features) f = F(P) o= FI(T) (FZ(Id) |F3(num))*
for k.0 (@,(16)) F : Primitive — Features
for i.2 (0,2 s egs
- F; : PrimitiveType — OnehotVector
for .2 (0,2) 1 yP ==/ =]
for k.1 éoig)w) F5 : NameParam — Token TLP'!I:U‘[IE;EE!
vectorize j.3 (9,2) F3 : Number — Number iﬂ I'EFJ?‘E}_‘_&_U-) i/_l-_E
T_dense = ... A= RIalT Skl
parallel ax@@axi@e?g?Bl@?Z) (b) TLP Extractor
T_relu = ...

TLP: A Deep Learning-based Cost Model for Tensor Program Tuning. ASPLOS 2023. DOI: 10.1145/3575693.3575737
k= (RIFFEEREFARH) ) WES 10


https://doi.org/10.1145/3575693.3575737
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A EIESH R IR\ BRST A% — B = 53k 7= (token FF3Y)
BAREFAMFREERS, FHEE/EHFELE THIBA % token
B A% Tokenizer
O #RAmesil, ¥RLS k%A HHAcodebook (A A, BPiFiL), 4eIlmagen. Stable Diffusion
O K&Vl akpatch, F-2mfdEitoken, #VIT Patch Embedding+ 2 ik, Clip(E #embedding)
O #EE: ZHENERLEL, WRQ-VAES
B 5 ¥R Tokenizer
O EEGEBPIE g & s 7 41, H A TE R4 (MusicLM. AudioLM)
O Residual Vector Quantization, EX R R~E I E 5 Tokonisor in Multimodal Modale

I ﬂﬁ (Hd-}?’ @4%) TOkenlzer Tokenization

O KB4 Tokenizer + B[R] EME GZR S EU4l, BEAERFEIRR) = @ E] Fusion
O 3D VQ-VAE: EIH:fe 4 #ift & { Bt e —
(a)[v) (5]

B $HES%—Tokenizer: it FFAESEFHELE e S GPT A
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— LRk
B ESHERM: TR EESE LR EFE LT
B TokenfEik¥F: wofTREFRE SHHFE
O B4&: patch X/h=dtoken# it £2;  patch K K= XK FHEIE S
O & B FEE->FrdKs wfErdK-> ety e, HEED
FRFIHKEE S E T
O EG/M token ZUETESCA; MAELS B (RI4ERE, token /341 AT B2 SCA I $0E £i%
B EREAEBENHF: A% — T A R T AR
O  AFEESH token 75 B3 X MGt oA EEREKR
O ik “3cAE o e” A1 “ B4 patch token”7E 3 43 (8] BLR R AHUT 1B X
B FEEHBSHRE: B% token i k695 X H X
O EELATTER I REREER: ERAF., FO5, XUk S BT S# 2 s
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