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Human: remember the boy names Tom is five years old
Assistant: ok,| remember

Human: how old is Tom

Assistant:

Q

L8N BRTHmAZ@mE=(E, BIX1EEE30METT(token), RIEEIEFRGE 1 tokenIREY Bi— MK K 4409679 (1) £

2. transformer layers: 8 N\ M4EFERL Z5transformer-decoderifl {T4EERZEITE, Llama-2-7bF32E, tgiE324
decoderffit—i€, BMENWMAR L—ENRW

3. ¥ transformer layersit EERMN&EE—1TER T X T—MokenWIFUUER, EXMCE AH4096 R EBIT £ & /EMR
FHETEFRKNNKE, SMMLENSUER R ZALE token B TUNE R



BIE XA
LLMRigEIE I iE- B 0itE

Attention 935 :

@, BENESEERARRFRL

Research Center of Ubiquitous Computing and Intelligent Systems

Attention(Q, K, V) ft (QKT %
ention(Q, K, = softmax
e
N N*N A9 5B B
i L B )N TTERTIZFIIEIMtokenIT EjMtoken
Yol N |wmank
N ‘i | | -
| Q N iy
%% Q
. SH I D,
D, [ D: softmax(\/D_k)
1] K H
X

B NFEFE Y K/ NEN*4096
= PMINELERE, FNEMEK/NERZE4096%4096
&l bk A\ AN E B fE 48 TR e AU K /M 2R & N*4096




= <
I N ) FEHESBRREHRAD
N\ )
Research Center of Ubiquitous Computing and Intelligent Systems

(

LLMRBYIEIEIT 8- KVETF

LLMAYFEIE 2 B Bl 13 A
HORIEIES, 30 tokenfE AT, BRI T—tokenfITM,; A4 T RIEIRE M E AREZE30+1 M token

XREBITRNEERFFEERITE:
BT EQKVAIERE, EXITEHAIKVEER:, BIEMN-1TEHEM L —XHEEEE N
AMIFERTEFIKVZE, #HEENFIEEFE, BATXREENNERBTETERN—ITHKVEL T XY



BUEIR

Research Center of Ubiquitous Computing and Intelligent Systems

) BEHESEERATRTHL
o/

LLMAYHEE

i 38-KVERF

Step 1 Step 2
Q K" QK" v Attention Q K" QK" v Attention
Query Token 1 3 Value Token 1 I | Token 1 Query Token 1 S 5 0% | o Value Token 1 Token 1
¥ = § Query Token 2 o = 9K, | QK Value Token 2 Token 2
o o X = = o w X g_ = X =
&5 §' & g ]
& (? - ‘e ‘? - N
(1, emb_size) (emb_size, 1) (1.1 (1, emb_size) (1, emb_size) (2, emb_size) (emb_size, 2) 2,2 (2, emb_size) (2, emb_size)
Q KT QKT % Attention Q KT QK" % Attention
Query Token 1 E ax, Value Token 1 | | Token 1 -
2
S o = S e Value Token 2 Token 2
s g = - s x 8¢ - x -
& B & 8
- L8]
(1, emb_size) (emb_size, 1) 1,1 (1, emb_size) (1, emb_size) (1, emb_size) (emb_size, 2) 1,2 (2, emb_size) (1, emb_size)
D Values that will be masked . Values that will be taken from cache D Values that will be masked . Values that will be taken from cache
Step 3 Step 4
P Q KT QK' v Attention Q KT QK v Attention
Query Token 1 ~ ax | o | ax Value Token 1 Token 1 Query Token 1 ARG ok | ox | ax | ax Value Token 1 Token 1
03' Query Token 2 § § ‘3 ok [ oK | ox Value Token 2 Token 2 63“ ” Query Token 2 « 'E“. = ; = ok | ok | ox | o < Value Token 2 Token 2
L = = = =
§'§' ';.5' Query Token 3 § ; § o | ok | ox Value Token 3 Token 3 &-:S § Query Token 3 § g ] g ok | oK | oK | oK Value Token 3 Token 3
<& Zle|lw o =|N|w| s
Query Token 4 o R 5 ) Value Token 4 Token 4
(3, emb_size) (emb_size, 3) (3.3 (3, emb_size) (3, emb_size) (4, emb_size) (emb_size, 4) (@.4) (4, emb_size) (4, emb_size)
Q KT QKT v Attention Q K" QK" Vv Attention
£ o § S o §
NS =) = = &E S| = X =
§.§J QU7 e 3 Value Token 3 Token 3 & i
E valveTokens | | Tokend |
(1, emb_size) (emb_size, 3) (1.3 (3, emb_size) (1, emb_size) (1, emb_size) (emb_size, 4) (1.4) (4, emb_size) (1, emb_size)
[T] Values that will be masked ] Values that will be taken from cache [ Voloss that will e rasked [ Vauss: thatwil be taken from cach




IZHAR05 () FEHBSRERATHRAL
earch Center of Ubiquitous Computing and Intelligent Systems

(

st

® ETEENABIKVETE, TRUELLMER—1HIFEIMNIE RS R NIE: TEZE prefill Ff#fDdecode
WUERNER, MEBHAANEAF ETXHEF M token—EZALMIT—RIEIR, HIR SR P EIFFTA tokenfIKV
RALINER, B E—KIEEBEE R A — tokenfE A A IT—KIHEIE, HIEIEFEFIXtokenfIKV

® T2, 7EdecodefERIRA Zh =& N T3R50 o) /.
GPUIZID B EHITITE RBEMSRAM AR TR, MiERSEGFAEEFHBM A, F—XHIBEEILIESEIN EFIEISRAM
MEFETESENETE, mizKTHEEREATENRE

® NFMIMHEIAMmemory-wall, ZEXNMEZ A, FEEMNBROTE M ZHLT
BENELE, BTENSHE—K, gEB%AERESZ NEENtoken, TE2E 7RV ER



It AFES

NN
() FEHESBERAHRSD
\—/\/} Research Center of Ubiquitous Computing and Intelligent Systems

e

AT RB—XSE. £ E token, w¥IAYIE]

token, {EiXFFT IR .

KABIEHNFRAETERE:  draft-then-verify, £ TERRRIL

® A—RE(EfRENENIZ TRE T MtokenfEAETRS, REILARER(BFRER)R R —X S [E K IE X EtokenZ
B RS

® [LiN: EiEEAIMERHIEEEEBARMERMN0.1, 4/ ERLESEIESMoken, /5 BARMERIIITE—K, EZTH3IN

® SFENT15, 4 RT3/ token, FRANEELFIAEF] T 2x

HEAEMRIEBEENTTI, LLIN— R HEE B A BUR E RIS

[START] japan

In

benchmark bend n

I =

[START] japan

In
-
un

benchmark nikkei 22

il = HH

benchmark nikkei 225 index rose 22 =6

i HF—HF—H —H P — — HH

[START] japan

Iwn

[START] japan ' s benchmark EEEEEE 225 index rose 226 . 69 s points

(START] japan ! s benchmark nikkei 225 index rose 226 . 69 points , or § 1

[START] japan ''s benchmark EEEEEE 225 index rose 226 . 69 points ,orl.5 percent, to 10 , 9859

(START] japan ! s benchmark nikkei 225 index rose 226 ; 69 points , or 1 . 5 percent , to 10, 989 . 79 ; in

[START] japan ! s benchmark nikkei 225 index rose 226 ; 69 points , or 1 . § percent , to 10 , 989 . 79 in tokye late

[START] japan ' s benchmark nikkei 225 index rose 226 . 69 points , or 1 5 percent , to 10 , 989 . 79 in late morning trading . [END]

o O e— i i ey ey i ] ey b b b —y b b b= b i b =



Speclnfer @ B S B R G

Research Center of Ubiquitous Computing and Intelligent Systems
ﬂ m

I ERRE—XRAE R — P, SI SUY=R=P=N[3"
AN “machine” A5, BEfRREE—REEZE, “learning”Fl"translation” (IBER L LR &
MR RABEFEME RS NtokenE XL BAMERIIGIE, AR o] sE1E BT AR

?ETLXTE’]‘EEﬂ—mE’Jtoken%B%% BArERRIE, REEIME
BRI B E— R M RIEE Mokent, FBBEALIERTER—FF AR Etokene?

d@% Token Tree Verifier (§4)

tapn t3 1 ) — . T )
* algorithm design [machine]-%learning-%Salgorithm “system—design “translation—model
[ e e e e e e e e e e e S e s mmm === |
tio , . /—l Tree-based Parallel Decodlng 1
/ learning \ E de;.{rgn . [EEE:_-',] ““"'«._.—*“"’ *""-..,'_.-""’ M’"‘*u_-—""’f w,‘““”,.— u“*‘.‘#‘,.— u,““.—#‘,i— h“‘*-._.—"”’\
to t -
| 21 4
machine system
LLM
v b1 optimization

translation
Verified \« ta 2 , tas @ ~ N/ V4 N N N N
model LEOS] v

Subftr
ubires learning system design optimization [EOS] model [EOS]



S I f A\ = 3 =% z= & o N
p e C n e r (\/\ // ;ieﬁfetlif Eﬁoiioi;iiﬁaﬁ i\-tle'\:i:::e'nltlgislems

tree attention
BAREREE R MIGIEE Mtokent, AT 1EFMoken REEEE| B CFFBiEAItoken, AXTEH At F5 1 BYtokenfig N+ = 7]

=Y T tree attention, BAETBCFIFEAEECH HtokenZSIEE 18
Ebant7 R X$t2/t3/t4/t6F 0 B B IE= /1, AR At5/t8/t9&B# mask

TRAEBDRZINSIEAR, SENFIEMH#HITIEENITE, Gib2FMtree attention, — XIS UEE/ MY token

L te 'f_:_ Verified tokens |:| Verified tokens’ KV-cache
Speculated  r--; ANt t
Token Tree  t2i7 3~ te FZ / |:| Available KV-cache slots |:| Speculated tokens’ KV-cache

O — e e e e e, e, e, ————— ————

Sequence-based Parallel Decoding Tree-based Parallel Decoding

1 ]

: ¥ :
N

| Kernel 1: t, > t; >ty >t Kernel2: t, - t; 2 tg =ty Kemel 3: t, =2 t3 2ty = tg — t5 :: Kernel 1: t;, t3, ty, ts, te, t7, tg, to |

, g 2, 5) L6 L ) .

| KV-cache [, [t, [t [t ] .. [t [t [to] - |t t[t|b 1 KV-cache [t [t [t [t [t [t [t |6 ]| i
I

I 1 I

I ]

: t2 t3 t-'-l t5 t2 t3 tE tg t2 tB t4 tﬁ t? i : t2 t3 t4 t5 t6 t? tE- t9 :

I ! !

:CausaltzJJ\/\/ b, || V|V 12 IV IV RV RV IV ' LV :

' Mask|t;| [V|V]V ty| |V|V|V | |||V E:Topmogy_ta AR ARARARA

1

: t V|V tg Vv ty NARARY ' Aware | t, VIV '

|

: ts v ty v t v i1 Causal |, v E
1

: t; v :i EE ts vV i

: ¥ t; v |

: ' :

: ' tg Vv :
1

: i 2 S




Specinfer

‘J EENH S BRRGHADL

rch Center of Ubiquitous Computing and Intelligent Systems

Hith

%?E%ﬁiiﬂ%@ AR CAFE AR .
® G — PEREE, BiTifTtemperaturefF 4 A BB FS
® % NERER, BEEHIGEIEFEAEERIEE YA K
52 ENE

= HIGEER R SRS

B ERIAT—SSM, RFHESSMAYH 5 LLME 3 48 B FYRE A
TR, FITAIMEREHIET— A%M

B RIFEF—PSSMHPHEIBERERTTREDHNES

K

i1 rﬂ r1 B

SSM 1 I
f"fl“‘*ssm'LD_Dﬂu LDJl[LD

Verification

AU
LLM

Stochastic Decoding

1”(H|, | U, GLLMJ

o Pl | UL BLLu) . .
With probability min(l,——— Verified | Nommalized residual
Plui| U. Ossm,) @ distribution

r1 e B |
’_l‘ ——, alaa
SSM 2

PIIHI | U, HSSM_-'
Verification

P e . q
With probability min(1— i1 - OLLw @V e | Nomalized residual

Plu; | U,Ogsm,) distribution
Q1 |"I |"I |"I
S else
SSP-I 3
Verification
. P{H;IU OLm)
With babil
prol ity min | U.Oss } @V rified
else

€ Failed



	幻灯片 1: 论文分享  SpecInfer:Accelerating Generative Large Language Model Serving with Tree-based Speculative Inference and Verification  ASPLOS 2024
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10

