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Abstract Chiplet integration is becoming a highly scalable solution of customizing deep learning chips for different
scenarios, thus many chip designers start to reduce the chip development cost by integrating "known-good" third-party
dies, which shows advantages in higher yield, design flexibility, and shorter time-to-market. In conventional chip
business model, the dedicated software toolchain such as compiler is provided as part of the chip solution and plays an
important role in chip performance and development. However, when it comes to chip solution that assembles
multiple third-party dies, the toolchain must face the situation that is unknown to the dedicated compiler of die
vendors in advance. In such a situation, how to dispatch tasks to hardware resources and manage the cooperation
between the provided interfaces of independent third-party dies becomes a necessity. Moreover, designing a whole-
new toolchain for each integrated chip is time-consuming and even deviating the original intention of agile chip
customization. In this paper, we propose Puzzle, a scalable compilation and resource management framework for
integrated deep learning chips. Puzzle contains a complete framework from profiling the input workload to run-time
management of chip resources, and reduces redundant memory access and expensive inter-die communication through
efficient and self-adaptive resource allocation and task distribution. Experimental results show that Puzzle achieves an
average of 27.5% latency reduction under various chip configurations and workloads compared with state-of-the-art
solutions.

Key words agile chip customization; chiplet; deep learning chip; neural processing unit; task dispatching
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TR BE 22 2 00 7 il A ] B it 26 I 2% 4k 2 25% (neural
processing unit, NPU) 224, H A7 AN [5] BLASE 1) 5 7 . 44
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B i, AL HE g i B 2% (central processing
unit, CPU)™"* | [&] J& &b P 2§ (graphics processing unit,
GPU) 1 Fi i o 2.

— 7T, O R R T R R AT
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7E 2 Al 3 5 T #0445 T ARG A PR RE . 76N R 7588
it A SR e s e R T LA
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Kz —. W, 5220 5 R4 4005 7E B HE F 0k 42
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938 /N8 B B % i 38 (universal chiplet interconnect
express, UCle) ™ ¥p 1%, A & Facebook % it i JF i i1
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AR I8 375 S5 08 B8 3 s SRR A2 9% 908 24 TROKR 1B 5
B8 N =05 SEORLIEAE WL — Rh i 35 SR, 33k o bl
E il AV 26 08 AT AR T 2 P R R/ T R
o b B A 1 A B2 R RE 1 Y R 2 TR YOG &R
SRR GESRLAE N 3 R 23 4R AR T T B (0 g R
), HERXAMEH T A Rl TizOk A S, T
T T0URN AN s R B G B R AE A A AS TR Y
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52O AR G AR By AR Ak 2 ) 4 AR AT S5 0 R
H PREMA™ JE: A0 3 M 19 22 1T 55 VR BB 2 ) b # 235 f
Gy STV 7 %8, B e E e I e g n AT 55 A S
TR GEUR, WFREPATAE 55 BA S TR AR 4l 4 55 L e 4 L 1F:
55 O S 157 I () 45 8 P B 955 > T 5 2 80 380 s 4 1
WHPATIIAT S, IR T 2 FHT 55 DI Sk . AL-MT™
B H AT 551 43 SR S A0 BE 0 AT 55 4R R A E A
fifi TF 44 B0 RS 4R 11 Layerweaver™ 48 3 b 14
JE 58 B RN U A7 55 AR B P 2 2% )25, ) HG
22 5 VERRAR 030 PR OT 25 76 A5 15 i B ).

SR, BEE Z24%00 v BB 38 K, I3 52 SR g
WM T — ek il D — AR a3 2t
BEUR 23 B Tk aE RTINS BONPU 1 58 5 R 2 0%
i 2)NPU Z [8] 09 T 47 1k 38 P Fifi 2 4 i B /A 1Y
524 5K 43 A (partial sum) Y RE 2, A48 £ 19 NPU
DM 58 WL A — ST 5T 55 2 R BUNPU Z [8] 77 A 0
%) 5B 38 15 TF B AN [R] 20 T 4, AR TR B o 2 S RO
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NPU 59 {1
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T3 8b, 23 o SR R R AT 55 [ g R 3

BEBEUR, 4 R PRAT B AT 55 MRS [ I, 5 &5 SR A
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FETP A, BIVAEAE DR A 9 10 2 g ik ] )

Zia UL B A, HRTBUA BRS¢ TAE 247 A 2
7 TG Je BRAE - 1) AT 55 98 B2 0 5% 03 TE SR 32 FR T
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AT F B 4T ) TR A ) AR R R T R
HE A1 AR AR, 32 Ui R A R HE B2 v Y B A T B A
e, I R nfa fiff FH 3k 26 Ty R ASE B 552 30 G 2% 0T U
PR B AR 730 B B T8 0 1Y 2 ORI R B A
R TR 4B D TR T E B ANz g
BGOSR B AR B A B, JF A b FL R s 2) A AT 55
R EE RN SR 4y T %K, 7F Puzzle MESL h, FR AR 22
I 265 2 A Ay B U 4y B 1) e /N B 8RR R 2 R 43
N FALS, I A T4 55 WS B 45 5E 19 NPU;
IR T A TFAE S5, T 245 WUAE A4 NPU 0 E
TTHIREFTE 45 4) &8 T [A] — fft 2 N 25 )2 1Y 4T 55 [H]
e B [m 2, & T A [R])2 B F4F 55 7T g4 7% £t 1R
Hi, BRI, 7 AR B AT I A B 4 55 F NPU IR S
WA, ARG # R A B R R 43 E A A 5 R i
FHGE— 1 8] s R AT 3 5, L3 N 4% Ff AN 6] Y
SRR Y T E

TE I 1] TR 2 2 ) B2 e iy al 37 R HEZE Puzzle
H, G 5 A D RERLEL, T4 i 2 TR B 2
BriE g 0 B2 AR B | A 55 o R AR
fith A B HRN i2 47 B A B . & 1 JROR T S it
R B 22 ) 1) 6 28 FE AT 22 1) 5 2 A% 3 1 15 L. AR
02K A B S B 2 SO P 48 1 AR B3R, I g b
b R AN AT 55 09 R T R0 TS, SRS R TR 1R A% i
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i T T AR BRI AR 2 L NPU A% (5 B DL S Ak 3
i B TR FUERL E] 0 38 15 5 2., SR 5 18 FH G 9% 1 5% R
P S B 2 B U, A% 38 25 A 55 o BB 5500 &
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ARA A Bl A, I 38 A 98 5 = ot R B 4 R Y T
FL B 1 AT O A A B A 55 22 ) B A OGO
RB WAL 18 2 s AT I PR, dots P i 4 CPU
SONRL 58 B AT 55 22 (8] 14 [) 2 G 22 R OC 22 45 2.

______________________________ = A ORASRI e |
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Wy || 4

1 Nz D e
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E MM 1 WAL 2 R AR 2 Y k]
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________________________________________________________

Fig. 1 Puzzle framework
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A2 R 2% 2, P28 I 2% 2 0 I SRR AT BT IR A T Y
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A Z RS | J2 IR AR PERE BEA T 70

A TAR BT RS ZME S5, BlndE =3t
BT, 20 H P A RE A ST 3 1) I 55 4% &R i OR
Al — 334 55 P B I 002 Z B AFTEAR G &, A
) 3 54T 55 P B J2 O b 57 A9 A AR S ik g3 A
HESL T 55 2 ] B AROBOC & A, Bl E T 55 Z 1Y
P BEN . X T )2 8 Pk 7 Hr, FAT T £ 7 %) NPU L3k
P12 )2 W AU B R W B YELL C={op, F,,
Foo W, Ryensy}- Fom, JZ2 AT op IL RIZ W T 261,

IFIE %3 R A AEAE — SRR T AR (o] R
A B BB F, F,, AW 20885 A FEEE .
HORRAEAE . AR T o5 B AEAE 25 T KN 5 Ry 27811
TS U0 E ). FEAT 55 A R A Eeh R
C ¥ 1l T 5 QA kg 322 )2 40 B BE R 5 5.

B A, A B 48 A A 4SS Bt T 227 Al 2 78 A TR
NPU I i1 fE. AR B NPU % 15 8O AR AT A [
R A e 2 0 24 )22 Bf (R B M P BE 22 5, BUAR NPU Y
FUARMERE AT RE U, (B i FEAEIX KR
AN B T A BRI, S B T 3k B A 1 R B A LR
A7 T 1 Ao 8 T 445 J2 i % A A8 Ak B RS B 8 AR
N, O B it AT DL B AR A JE 1 e R, DA
A0 PAT AR ) AT 45 i 4R A L vk Rk R, 7
1 55 9 B8 R 5 05 o0 T B, T S RN TR AR S5
Jie  fe 35 A7 R T R, RO BE B S PR R R e
NPU. 7£ 5 F 45 = J7 Uobz 1 b i il B =0 R, o
R AR AT AR = T ik NPU Y EL R4
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(R R 2R BRIk, T A 0 0 A AT A e 3 ot P g
T 15 3 Bl 25 0 2% J22 35 28 7 AN W) NPU B ) ZE5R £, JF: 1
ACCDIHE R UR.

CCpuciica  OpS
CCreax IXCCheu”
Hrr, CChrcicay NPU S BRiA B (4577, 38 1 #f 28 )
2K IZ BT E R ops(RIEEVE%K, operations) FTFEIR 7 4
Br15 2); CCpeatl NPU HYUEAE TR J], 5437 4 ops/s. UR 3
fE TAESS TEIZ NPU b BYHHRROR, TEAE 55 50 Kt B
o, UR BB T 0 AT 55 3 BB AR 5 1 NPU #%.

B 26, TAR 2 i A B B 2 BB R Gmpuies 11
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23 EHRIREBBEER

FEWRBE 2% 2 B2 ot LR, O R Bk
PR e BE R B RE A 8 AT DL 2 e kL
B BRI, R A DA A A T S B TR R
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HEAT I 22 00 5 5 43 T R A L.

B A 9 R A B RCAE 0 o A 3 2% A R 1 S R
PR [R] G 2R 3 8645, i 22 I 465 b 3 38 A% 38 8 i is 3
BT HL+ T (kilobyte, KB) Z JLIK F 35 (Mbyte,
MB)# R LR AF . s SF sl HiE M A %%
FEH AT B AE L, o L B A A R e M SR
R b A v 0% B8 8l 3 {42 A D7 ) (dlirect
memory access, DMA) 1% 2 M\ Y A7 H AR B, 3 2o 58 br

UR= (D
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V) 60 b 1 25040 3 3 0 6 £ . A SR Ak R A R
WF, B 7R SR AR A B ERAER
AME L, T WA A B A% T B i A BN HE A O
3 (data layout) , PR A b B 28 42 [8] 4% S B8 s, 422 18] 44
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XFFREANGE =5 kL, B EUE L A A NPU
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(memory controller, MC) [H] 1) i 4 1% i o B, I X 3
17 HEAR 77 A SRR A, PR U T A 6 380 B B B ik 77
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I A% e K e 0 Y Bk S, DA A 6 I PR A R Y HE AR N
JE 38 T HEBASE R 4
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Table 1 Integrated Deep Learning Chip Resource Configurations
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