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Abstract: With the widespread deployment of large language models (LLMs) acrossvarious generative tasks, their high
computational demands impose stringent performance requirements on the undeﬂying hardware. RISC-V, an emerging
open-source instruction-set architecture, shows great potential owing to its excellent customizability and extensibility.
Nevertheless, when deploying mainstream LLMs, the RISC-V ecosystem still faces challenges such as an incomplete
software stack and limited compute.capability. This study proposes an inference acceleration method for LLMs on RISC-V
heterogeneous platforms. By es\tablishinkg a heterogeneous runtime environment that integrates the Cambricon MLU370
accelerator, the device driver is 'ported, essential libraries are compiled, and the PyTorch framework is adapted. Building
on this foundation, a lightweight multi-threading optimization scheme is further designed to improve the efficiency of
core operators—especially the attention mechanism—on multi-core architectures. Experimental results on the SG2042+
MLU370-S4 platform show that, without relying on any additional optimizations, the proposed method achieves up to
52.3 times end-to-end inference speedup for several mainstream LLMs, thus demonstrating both the feasibility and broad
applicability of the approach on RISC-V heterogeneous systems.
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T GPU Bt T2 2 fE 5 Kernel ZALAb 50, LASK
BRI 1 o

SR, FIRHEERAR AL U7V 2 M8 T x86/GPU - &,
FEITH# 2 RISC-V ZERg 5557 M 48 2 B 48~ e K 1
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IEEIA % F AT IR R 7E LLM 3 (1 RA, BA
J RISC-V 543 T 10 5+ B Bk ik 3 A 7, R %
[ T3 5 Xl TRt i 5 R T 38
1.1 RISC-V 32480 AL MR A

RISC-V 42 g 6 415 3L TP YRR 1 5 6 LB AL [
HER A, 75 AT HEFEANEE S, 5 bR R 1 T
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LR A 75 1) P B 5 T 5 8 2%

Br 330 K (W NVIDIA GPU, Google TPU,
AMD Instinct MI % %1, Intel Habana Gaudi) #5 )
BAFARFNALAHESE. 130, DeepSpeed-Inference 1 Faster-
Transformer £ HEZL) 72 R £ 4#2. CUDA Kernel fil
EERAR, BEEMNNT Transformer A E GPU L HY
HEFMERE (U0 TensorRT-LLM). iX 77 R 7F x86/ARM
& RHUE T SRR

P R R R G, JE el MLU370 JniE & 2
RF|EM 22—, BT 4 18 MLUarch 284, & ik
KTk E AT IC (TPU) Fls i 58 4 A7 (HBM2e), 4F
GG AL Transformer A E‘J%E@i%ﬁ%ﬁlﬁ. HAEM
CNRT JZ A7 i i i B 7 (CNNL, CNCL %) b
J PyTorch ¥ J& (CATCH, torch_mlu), A58 F2 AE $
BET SR, Oz M TS AT BRI, B
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R RECEE BI RYIFHAE LLM U8R AT ).

MR AL ERAE LLM #EE A ER S+ %
b, EBR 7 RAEMERE S AR RS T O R, [ P iR )
TR B 158 5 37 5 PR W 98, {(HTE RISC-V 2844 |,
HEAAIRAT FEA I 5 38 F P AH BT RO ) ARM L x86
A S ATIAFAE ZEBE, X bR & SRR T —
P

2 ZF RISC-V 7 &1 LLM JEER 4L /775

ztxi%%ﬂjB@W&ﬁﬁe@%?ﬁj\&‘uﬁ&: (1) 1E
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FUhniER, R D RIE4T T KIE SRS (U1 TeleChat-
12B).
2,11 REARERD

JNSEB MLU370 I R 7E RISC-V Z224°F & £
AT, BB AR MLU370 i kB84 RISC-V
SEE IERRIR A, T SCREE AT KBS, S8 T, MLU370
f£ 3 —# PCle (peripheral component interconnect
express) W%, LEANFIT- G [RIFSAERT, 75 B4 5<iE PCle
BAR (base address register) ¥ [d] [ @l iX — [ @l # P
FAF G IR G BRAE RS E DL R IR B T Sk
L. teAh, T MLU370 /&% 4 x86 il ARM R4 448
LT, FL7E RISC-V “F & 51X 1E S 544041
SLHUAFAEZE S, ATRE S 3 BAR 25 (A A 2 1) i 731, AT
fi MLU370 TGy 1E & B Py A7 k.

B 61K — ) 7L, FRAN 1 i 8 PCle 3645 (device
tree) A1) PCle BAR jiu [l (ré}lges JB M) k3 Fr
MLU370 Jnig-RxhPCle T K. FEPAR Linux 4
TERGH, RGUEIE AW T ARIE AR5 5% S L8 1, 1M
TG e W X e {5 B 21 Y A% . PCle B £-#4 1) ranges
JEPEF T 8 AR LR kil RN 7 e 28 B 8 4% bk 2 7] £
Wi, SR 3h4 BAR EMURHLE, it &k PCle ¥4
B ranges JE T, 2P 3x256 MB 3% 44 bk 2% 7] 43 i,
5 /£ MLU370-S4 [¥) DMA &4 75 3K 8% )5 1 1% 2% W
SCAF R A — A PCle $2H75 s A% 1 Fios.

ARAG 1. B PCTe Fifil T S B

// PCle ¥ 45L&
pcie: pcie@ 706000000 {

compatible = "sophgo, cdns-pcie-host";

device_type = "pci";

#address-cells = <0x03>;

#size-cells = <0x02>; 3

bus-range = <0x00 0x3f> |

reg = <0x70 0x60000000 0x00 0x2000000 0x40 0x00 0x00 0x1000>;

reg-name = "reg\ocfg";

ranges = <0x1000000 0x00 0xc0000000 0x40 0xc0000000 0x00
0x400000 0x42000000 0x00 0xd0000000 0x40 0xd0000000 0x00
0x10000000 0x2000000 0x00 0xe0000000 0x40 0xe0000000 0x00
0x20000000 0x43000000 0x42 0x00 0x00 0x02 0x00 0x3000000 0x41
0x00 0x01 0x00>;

status = "okay";

2,12 IKzhEAE
FER 4 MLU370 Z 51 E < 3K 5l (cambricon-
mlu-driver) % GCC %% 2% 1 Makefile 34T H 511k

k. GCC % k4% CL S FF RISC-V 545404y [A I,
I 3N B A8 A% 025 BRZ R GCC 4 1 485 58 RO AR D
[ 9 1F 5 22 T .

FEIH 7] RISC-V ZER AT R HEIN, MLU370 %111
HAIE S kB H H openEuler #:1F & 4i. openEuler 24
B A B Linux WAZRAKN 6.x.x BLE &. 4810, €
4 E 7 25 WRSh 4 PRI Linux 0 RS8N AZ AR
YN 3.10.0-5.15.67. [Rl I, 75 IR0 FE 7 4 i3 0 F2 1,
T A A AR AR I 1 T R 2 5 BOR M R B S R
S T PO AL R A T S Bl APY AR {51401 R s
BESEE 676 N AL L Y A G G e
TEidE 1 A E. AR R e O AR ) R, AT e
LIRSk 312 T Ay 24 i 1A A 75 0 L ) B K2 L
S TE R FH R BR8N TE A 19 S EOR A IR SRS Bk
HRIhERC 5, VA A E MLU370 ) PCle ¥ &15 B,
IRBH AL I 2 fiios.

H R R

213, Rl ER
“FERLL MLU3T0 Ak HOSERE B ATt 24 K
gy, WTLAGR NIBAT I R HEZE . 2T LA BANG 15
FATHEE. B EMNHTH. K, 18478
Fev HESE, mEtERESA T LA BANG 15 5 M T AEX
4 KEB S RETHZ R (AR AY) Ris AT 5 R E H.
ZATH PE 3 E ) CNRT (cambricon runtime) #/l
CNDrv (cambricon driver) 2. 1X 46 2 4 I & # He it
THAE MLU BR300, R as A B B . AR AN
S HESEDIRE. mVERES T B4% AL 51 /2 CNNL.
W5 E CNCL MLSEEE CNCV, B i 7. 155
HARTE S A3 MR B ) S 5 AR FE 2% 5]
N0, AR PSR 7RI RE ). BANG B E
TR AT ALS R PR I —Fhgn s &, 14t
T CHEF R, FRAC T A > s A
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BANG & 5HHA — BB MR W R TASHE, 4
i CNCC %1% T H AT CNGDB il T H.

H A1, 7R IR I 2 B R LE RISC-V P&
BT ER. £ RISC-V V& _E gt s e S
A ) T AR A R I B S (bb i CMakeLists.
txt SCHF) BASCHE RISC-V “F&. 1Ak, N T 5 ARM 4244
EDReMIVERE EXf 5%, FESH IR AR O3
ARM ZEHg, X635 10 4w YRS A A HEAT 3@ L, i ok [
A7 7 TR A 7] /L
2.1.4 PyTorch HEZE&E AL

PyTorch /& 41 T I IRIR B 5 STHESE 2 —, X
Ff Python. C++5 215 FH M, E A K& EIVLHI
AT A B . R A R BT, FERF LS T

VB8 R g2 M. PyTorch HJiE 2831 Python C

T RRBEPUG AT I AP 5 3L K0 C & e Ikt
ATen 3K 5 BHUERZFIE5R% (41 CPU, GPU.
TPU %), FLi% BLIR[U S H T RS HtE

RNTXFFERA MLU RAINE-R, EREA 7T
K | Cambricon PyTorch HE4E. IZHESLEET PyTorch $2
BRSO, ¥ MLU J5 o g )k 2R A
M T EAE S BEM B PyTorch R4, [ H A
MLU ¢ L 5e il 25 5 #E# i #2. A PyTorch 1.3.0 fi
Ajte, R @ H3 Python AL (W torch_mlu)
177 S HFEE A PyTorch, ¥ T MLU FHCERESE
TSL AR, B G EHEZR AR A B S, T T
P51 5 e AT AR 1

FEAR S, SRR TE & BALAE RISC-V 4244 E i)

SR HE PR SCRE, FRATTESE LA PyTorch 1.9 AJEALARAR,. |

SERR 1T ] RISC-VAMLU “F- 65 )26 4 FIRE 15 3 .
ARERARAFU TR SEBE,

(1) B EERE P PyTorch FERAELE

WSl E RISC-V L H4E, 3% PyTorch VEHg i
FE IR SR (W58 =7 R AR dniFasiic
B AT LB, DLORIE AR RISC-V 22/ R RElE
G 5 s A Ay 7 5 A e .

(2) MLU Ji s SCRFY TR A2 12 5 50 5%

B J5, 75 RISC-V R0 2 48 Hh 28 X g i € Al 2
%) PyTorch ¥ JE# R (W torch mlu FIALE ), 2
e BARF & L2352 1TH Python ¥ &AL, H 5¢ ik
FHICIBATIS E (1 CNNL. CNRT 25) B4 R &

i ERIER R, ACHE RISC-V & LDz
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1T T 581 PyTorch AEZL, FESEIL T X% MLU R4 152
B BB JR SRR S B 4 SRR
e ) -5 4 0% 1 B R0, 09 T PyTorch HE
fE[E7 RISC-VAMLU T F Rl B it 5 o 3 B
22 BT SEROAES BRI

TEKCHE 7 BERL B A, kB BL P B 5
Buble, HAE Ttk bR PR M P RE RO 235 B 1)
K REAHEAL B UMLK, TS 2 BRI LT, Wy
PR R R B, ¢\

{E4T RISC-V 4207 L, ST S DA g
HOR P2 R, S AL PIRERI T A A AR,
PR, A% SO T 0 B — R R 20 R AR
oM, R ARSI AT SRR AT 55, 2R )
BB ASHI AT FHLTHER 2

JiVEMER: A7 R B R LLM e 2 4
O TR 1 R 0 LR e
{66, LA B RE W AT A4S I, A ORI — B3 T Lt
P L ARAL S, A5 R RIS N T, S DALk
U H TG, SBUIEAT I S 4 R, L R
4 MY B, AR 3 BT

FEBE A

JHiFE B

7777777777777777777777777777777777

LR S
(SRS 2575 52 LR EVSRPNI -8

22.1 RSk

R 2y ety 7 08 20, AR SCRRAE KRR Hifs &
KR R, R JETHEIK (batch) 4 FE 1 43 B s g,
Ik VR $2 I8 batch 254), LUAE R Z AN THIFE. i%
oy g7 2 2% R0 AR P 1, R 3 T A B R K
LRI 5. 7y YL AR 2 BT 55 67 ORI i
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R (] H CPU #2040 HEAT Zhas A%, IR &% 2o fs
8] 55 6 3k R AT BE XY 7. TeleChat-12B 1 query Al
key FHHEFE S BLSE I anAAD 2 Firos.

AR 2. FERE 4 s

def function(self, query, key, num_parts)
if num is None:
total_size = query.shape[0]
num_cores = self.num_threads
num_parts = min(num_cores, total_size // 8)
def matmul_partition(q_part, k_part):
return torch.matmul(q_part, k_part.transpose(-2, -1))
q_partitions = torch.chunk(query, num_parts, dim=0)
k_partitions = torch.chunk(key, num_parts, dim=0)

222 ZFEhAIE

X R B AR AR B S A S A R IR
FERY, MR AR R T AR I R T MBI AT R, Ao
W 5 N LA L 0 e IAT SR LA e
LA R I BERR gk, e T o AT O R Y S ok
2 TR 3% . 2RI N UARAE S & 19 CPU %08
SKHATHE

SEEl R, WTiE I Python FR7E & H ) Thread-
PoolExecutor 1) [&] 2 MU AT 2R FE R, AH < B 1Ak
i3 3 Fix.
A 3. LR g

# WS INZ R B

selfnum_threads = 32 #1% & 2R F2 4L

self.thread pool = ThreadPoolExecutor(max_workers=self.num_
threads)

223 LRRRE

2o A i B J5, SR 2 T 4E 55 BA A 1A A 2 SR R

T A PR TR 5. AR AP B e
(14T 55 BA %1 (FIEO BAFI), Bl A-1-1F 5% 2= e de e 4 e f8
i, ZR ARV 24 X AT 5% N AR BB o, AR 2 Rt
FH ) 2 R ) A 2R P A S e v U 55 FF AT
2 FE S AT LU A R S 7 40

SEPlid AR A, W LLIE IS Python #r i AT thread
pool.submit 4 [ S 4T 55 I FE A I 28 F2 it
224 ZRICREERE

B TSR A b PAT 5, HatH 4R
2D R TE IR B 5 G0d i #6107 il R ax i
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i H AR SN A

BRI TT A M AR S o PR B LR R — P
16, FEWTBFE 229 3200 s, HEFL LR IB DI T+, B AAE
32 LRFEACE R, AL SRR B2 N %A 2503.34 s,
FH L ARAS ) 22 2R AR HERE A A0 S0 i LUk 1.58 fi%.

Complex Test Begin »>>
Looping time calc start... [

Looping time calc stop.

Result List:
case pcie_txn_pinned

case pcie_async_pinned : RET=0
case pcie_sync : RET=8
case pcie_async : RET=0
case d2d_txn_pinned : RET=8
case d2d_async_pinned : RET=0
case d2d_sync : RET=0
case d2d_async : RET=0
case d2d_all : RET=@
Complex Test End and Ret=@ [PASSED] <<<

B4  Complex WX Hiz4T 60 458 F"
L]
4500 -

|
4000 &
8 16 2
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@ 3000 F
E 2500 +
#2000
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1500 |
1000 |
500 |

0

0

PTE] T A A 32 ZLFEALET 1 0.08 tokens/s, AR 2L |
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JSIRE FE 53 AT g !
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I, Z BT MLU370-S4 [¥) 24747 58 J2 RISC-V CPU #.
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7 JER T TEAE Al MLU370-S4 Ji3d - i) 4 2 5%
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FEDNE L. 518 6 Fi R SLRE LA R, [ 7 R
P s 7 3R A B S BRI T R TR
JEE, SE I L S TSR s R PR 48 2

%

B MiniCPM-2B M ChatGLM2-6B M VisualGLM3-6B
ChatGLM-6B M VisualGLM-6B M TeleChat-12B

52.9

20 F 16.8

13.4

K7 ARASHABAAE CPU 5 MLU370-S4 “F-& EHISCA
A I b

SIS S5 R, AT 6 AMETAE 5] N MLU370-

S4 NNIR S, SCAA: plad B2 1) SE AR R T b, Mini-

CPM-2B 7E4fl CPU HERE %A (1) AE s BN 0.13 /s,
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