AT E5KE | ARTIFICIAL INTELLIGENCE

RO LA N RIE S RV ERe it

P g 1 =2
FEE, HE

1. hEBEBEERERAS, Jbm 100032
2. PERSBEEERIRERAS, Jtm= 100032
DOI: 10.61369/TACS.2025100008

] E . HMXESEEEERSEKNSHE. BERSHAEFHBIBESHkE, AN RRT ERKHT ( Expert Parallelism,
EP ) SRIREHIBEENRERIE, SFBSER (Mixture of Experts, MoE ) % #2243, KV Cache E&F ML TR
B7 - i35 E ( Prefil-Decode Separation, PD Separation ) = KX ARG IRIE, 482 " 224 — #F -
BB " = —ANRILAER, EF DeepSeck R1EEIE) WBASEILIRAN, TEREE910B2 EEHIAIE N IQITSUEENTLL
X, WIIFATERME, FIKERHEZHESTHMERN., REREHEARRMNESSEHMmEZLHRNERHS
BFREARSHSAERE, MAHEXERHIERSNTIEWERHECRIESIRES.

x E i\ KESED; HERS; EFRHT; MER - BNSE

Optimization of Inference Performance for Large Language Models under the
Mixture of Experts Architecture
Li Zhiyong', Tian Wen?
1.China Mobile Communications Group Co., Ltd., Beijing 100032
2.China Mobile Group Design Institute Co., Ltd., Beijing 100032

Abstract : In response to the challenges faced by large language model inference services, such as high
concurrency, low latency, and soaring memory overhead, this paper explores the adaptation
mechanism of the Expert Parallelism (EP) strategy in inference clusters. It analyzes the performance
enhancement principles of three key technologies: the Mixture of Experts (MoE) sparse architecture,
KV Cache optimization, and Prefill-Decode Separation (PD Separation), and constructs a trinity
optimization system encompassing "architecture—mechanism-deployment". Based on the W8AS8
quantized version of the DeepSeek R1 model, multi—-dimensional comparative experiments are
designed in the Ascend 910B2 cluster environment to verify performance under different node scales,
sequence lengths, and concurrent scenarios. Finally, cluster resource allocation plans and dynamic
scheduling strategies tailored for two core scenarios—low latency and high throughput—are proposed,
providing theoretical support and practical guidance for the engineering implementation of large—scale
large language model inference services.

Keywords : large language model; inference service; expert parallelism; prefill-decode separation

515

KFEFHAL (Large Language Model, LLM ) HRRIFFERE ARSI N TR REE ML TN BL, HEHUMBMTLH SR =TT (L
%, LTSCEIIY EETTT token 203, BIEAABAGRE MBI G L5 (MoE ) Sy, e SORIF ., ROTH T
e B ELRAEST . AT, ARRAR T AR IR IR S TR TR DR, TR " RS L B KA mIFR. £
TS " RO T RIATER . ks FEESRINE M 2 A B A AR e T, BRI PR BT 5 R R S e S (7 1
ARG, MELAHRSLINZE B K PR NAF SRR BRI, BIRNTFIER SRR A w5 A s SRt
G R B RRK, RS TR LUETE MoE JUIsl AR S ISR G W 7522 o 22 J5A e P [R5 S A 509 RE R A )
L

BATGE, Mol A A& ST SEB BSOS S T T T IR, LTRSS MoE B ATFIfEN, KV Cache
AR B EE I, PD 43 B SR SR B se 5 7o (EXSERORAHMRICACAUR] . R RIRE (PRI T A FCRLIN B 475 A
HRE RSB RS, ik, ARSCREE MoE S T HEAR 55 TR I, RN = RSN E MU, i 5% 910B2
SREHISALITTS, SRR R PERRE SIS, RSB IR 55 M RE TR AR T 58

086 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



—. KIEBHIERSXEREA

(—) MoE FiRt&EE5RY

MoE ZRM IS % p 5 — T R 48" IO G5 M ST
FWMHAL, BT LR S E AT E R SR, s 1B
/R, MoE BRI OCAMERK G (Router) 5ZALHK ML
(Experts) : B token 7, BERETFE Top-K
P e, SR T RS G Lo WS R Atk
WZg (FEN) 254, 53375 T e MoE JRRUZ I L%
R5E, SIERNESIER * s

1 MoE R

FHETLSE Transformer TR, MoE BALE A& =KB0
otk —Ei B, O Top-K % (JEF K=2) 25
&, ESEEESRT— MR T, TSI
10%=20%; —/&B%0 — tTEME, BN AT R
HN IO MR R, [T (205 B 8 B 7T
A8 =TSSR, NIRRT F R NS ST AN RIS 43 A1
WHE, 7E2AT55 5 U U IS L AE S s

(Z) ERFHTHER

MoE ZM & ARG K R BB A B, (A SEUNE
TRELEMERS N, DL DeepSeek V3AEHI A, H671B 2E BT
WL BT TB A3, Wl GPU Mifs B Y,
LRIFAT (EP) BRI -1 A 5 P Rl T AT X — 5
H, OB MoE BB 5 F Mk &4 4y, fsk
RO > T R4, B 5Bk sE LB e
S, anE 2 BR.

Bl FR8

HEER
EASL SFRE AFIRE AFEE BRIRE RFIE HRIE
BE g +2 +8 +57 +58 +64

B2 SRR

LR ITHG T B TRRL 1] 432 A B D 43
KRB, HETER MG RES Top-K EEEE, FHA
token FARFE I 43 % 256 NEE ZEITAE TR /5 @ =it
WhBL, & T sMSZ BT ARE SRI T I, TeE MY A
o, PERET AUBERT) O REGMEL, Eid All-to-All
TSI EA T R R R, KAV GRSl %4
RATAEIBIE " 23[R R " SR0E , KRl BRI R 2R
%, IR GRS R e O,

( =) KV Cache E7=#1#l

45 Transformer S 1 FTER IMUHIELETH RO AR,

P MRS L T token (AEENS (Key—Value) , S35
THEREREFSKE L O’ i, KV Cache fEREFT MO
FB, WS ENTF token B Key 5 Value [fH:, B EFEENIT
FEIERSE On), KT AR v,

KV Cache MIfEGEZEFITT 2 SON PYAEBKAE [ AT | TER)
SEL, FPAHCHE | ML AERE |, AR Ay BN Y RN
BREHL BEPOERS G A token A E M BAMERS
Tk N RE AL . D22 231k, A FREZE
JE 4 RITEHEAER A, H KV Cache TEAEZMIIN 2R

=9 WEIISL | FHIMCE | Key [k Value [f]#

[0.2, 0.3,

Layer O Head O Pos O [0.6, 0.7, 0.8,0.9]
0.4, 0.5]
[0.3, 0.4,

Layer O Head O Pos 1 [0.7, 0.8, 0.9,1.0]
0.5, 0.6]
[0.5, 0.6,

Layer O Head 1 Pos O [0.1, 0.2, 0.3,0.4]
0.7, 0.8]
[1.1, 1.2,

Layer 1 Head O Pos 0 [1.5, 1.6, 1.7,1.8]
1.3, 1.4]

454 MoE ZRFHE:, KV Cache 7EHERLIFR HH I FI I B 22
SEAARE: WU ISR BE (Prefill) « AbBE% A prompt A I 45
R 2 AL I RIFTIFE, KV Cache T E R 2N
RIS RS I 73 7w NI SR i e o VS 2 I 4 121
(Decode ) : & token AERLINUKIEHT token FITTFLEER, L5
WIS TEE s, KV Cache MBI " LRGN " #h " midi
WU, o AR R AR AR R

(9 ) PD 2 E5HRE

Prefill 5 Decode i B i B4 22 7 S BV 58 4 (] L 8
th: Prefill RBEOA T SUAERUESS, G KARAL #8751 A58
% KV Cache 335; Decode MrBUNNAFHEEAUES, T miiin
ZAFEIFIE token AR o Yu 55 [B] MYSCEGTEN, ZHAPHT,
A Prefil /RN SEL TTFT (5 F4E) 5 TPOT ([
W) WERE, HEAPARG, THSsin g (E3),

150

—— decoding-with-one-prefill
251 —— decoding-only

E 100- prefill slowdown|
rrrrr 2

prefil slowdown| 8 5o decoding slowdown

-
51 decoding slowdown 25 ——at

6 50 100 150 200 250 0 25 50 75 100 125
Batch Size Batch Size

(a) Input length = 128 (b) Input length = 1024

13 Prefill 1l Decode 1EEFH, HARSIE

PD 4 SR 1 1 L DT U AR Al — (A B T
BRI 537 Prefill SL4145 Decode SLH1, ELFR TR E
i Prefill 15 &5 Decode 7/, &5 AT M BARFIEIZ T2 LR IR
B E 77 98 —Prefill 19 U BC B w5 E DA THIEL T 5100,
Decode T i3 At B 7 A7 S REAE UL EAF T R I RE (114) 6
XA BUE S5 T 0 AL BEIR, Prefill ZERGHY KV
Cache I i HIE EFLHI 2 Decode 191, BERTIHESS
HHTEREN (E5) .

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 087



AT EKE | ARTIFICIAL INTELLIGENCE

{abEh%E: PDETREEE

- . . .
Prefill Prefil prefill ... KVEH ...

BEAEH EHEELE
PDAEEE: POARTRAE, TRIIEARESNRE

, HRInERRER T

E4 PD DEILIFRE

Prefiltsal Decode Bl

E5 PD £S5 PD BAMIT BRI
Pk, PD SERIR B AR b T B IR A R AR I 2 e e
FODREE, PR thil g S EAES . (R ERE . sk
PAEANNEE = e o ik i s

—. EEEAtR

(—) =RisE

S206 R ] DeepSeek R1ETRI) WSAS AV, fH{FIREE A
1409 % 910B2 IR 45 #% (FP16%L /1376 TFLOPS, .17 64GB)
B, AT 2HL, KL, 16T SOplAst, ARk A L
HES4, 235 1k1k (4 A 1024token/ i Hi 1024token ) .
2k2k. 4klk, 6klk. 8k1k TLAfJFACEA G, DUERURRNE S
Pk, SRR PDERRS PD 4 BRI B AR 22 7, 4
OIS T RO, PR R T AR

(=) taEigtRS MLt A&

SEEGSRF N — H OB R R R M A SRR
FAMCEE i P AR | FRREO BRI it Fe R s
T (TTFT HFRHE, TPOT FHIRE ) 57t (TPS, token
ARGEER ), HA TTET I PSSR E AN R EE, TPOT
SR R, TPS )iﬁﬁ%%ﬁfﬁ%zﬁﬂ‘lﬁmﬁiﬁab o

R R A " LA T RS " SRS . R
B (TTFT <1s, TPOT < 100ms) , Luﬁﬁiﬂu#ﬁﬁ‘%
FERKRE, CSEARFA G TR IR, TfRiies R TS
FE

(=) CoastsR

2HEEATE (PDRFPE) PERELE R
BAKEE | HHem oA F-RA 7R TPS

1024 1024 3072 55.9

2048 2048 2048 51.1

4096 1024 4096 35.5

6144 1024 2048 26.2

8192 1024 384 16.7

SHLAEEE (2% 2P+1 x 4D fiat ) Pegesss
. G S TTET 45 | TPOT T | 8-z
)ic (ms) (ms) TPS

1024 | 1024 | 3072 641.70 71.50 197.23
2048 | 2048 | 2048 998.04 105.50 146.63
4096 | 1024 | 4096 | 1319.02 46.21 48.50
6144 | 1024 | 2048 | 2637.21 50.39 56.55
8192 | 1024 | 384 4026.91 89.56 39.38

16 HUARHE (4% 2P+1 x 8D 510 HEABSER
. . e | TTET P | TPOT V- | HRAfHIFF

MAKE | fiE | IR ¥ ms | ¥ ms) W TPS
1024 1024 3072 | 62541 89.34 212.68
2048 2048 4096 | 561.37 92.20 196.00
4096 1024 4096 | 1823.10 | 5573 92.70
6144 1024 2048 | 212298 | 46.71 61.09
8192 1024 2048 | 480348 | 47.37 45.50

(MO ) sEaettie
LHBEALENT: PD A ESHMMEREN IS0, 16 IEEIE 1k1k
Wt IR TPS 1521268, FeeliEAdert 286%, H TPOT f
SETER9.34ms DA, BEIE 1 el S R R
2. PRI MAFFIES TTFT 2IEMH, 8k H
A5 TTFT 81k 586,445 (16HL&EH#E) , {H TPOT
TN LR ML/, 8k 5 TPOT X 47.37ms, #LH] KV
Cache XK JFHI SRR B2
3 IR SRR, MEFFHKET, FrkiEF LN
SeTtiafatady, (IR RS FEUNES MM (18 HLYT 8k
BN, IR 384G 5121 TTFT #1.2s) .
4R EED: ORMER SR (WL ) @ 5 2+8
HLIPID I, 1k i A7t TTFT 4241 4E500ms LLN; @
T E (At EA )« HEESHSHLAPID EE, 1kik 5
-+ TPS A[iA200 LAk, MRS K

=. XRHARHMA

AT FRNE RE UL T —BORIEBEE A " 375 - 5k -
WP — AR " A B, ARRTRE=AITH: O35E
BU . FET oA ST M BRI, SEBLL A THEmE |
PD BLHLHISEINZZSEE s @BEMFRIUL . SR TR
A, Hif CXL HEE NIRRT LB EINE; O MHEE
PLAL: HFFE MoE SRS HIT B ER BHLE], a5 EACEoARYE
— RN AT AN, ZAEAHERIT S SR . 80k
R BT B R O BT S

24k

[1] Lepikhin D, et al. GShard: Scaling Giant Models with Conditional Computation
and Automatic Sharding[J]. arXiv preprint arXiv:2006.16668, 2020.

[2] Fedus W, et al. Switch Transformers: Scaling to Trillion Parameter Models with
Simple and Efficient Sparsity[J]. arXiv preprint arXiv:2101.03961, 2022.

[3] DeepSeek Al. DeepSeekMoE: Towards Ultimate Expert Specialization in
Mixture—of—Experts Language Models[]]. arXiv preprint arXiv:2401.06066, 2024.
[4] FEHHE | & KBRINRANE G LR AGIMEGE 0] NI SRR 2024

[5] Yu G, et al. DistServe: Disaggregating Prefill and Decoding for Goodput—

optimized Large Language Model Serving[J]. arXiv preprint arXiv:2405.20070, 2024.

088 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



