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Metaverse: Concept, Architecture, and Suggestions
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Abstract: With the rapid development of digital technologies such as artificial intelligence, virtual reality, and digital twins, human living space
is no longer limited to the real physical world. The digital virtual space composed of digital content and data algorithms has gradually become
an indispensable part of people’s lives. The Metaverse is considered the ultimate form of the fusion of virtuality and reality in the future, but
due to issues with conceptual translation and a lack of broad academic consensus, the Metaverse is still in a state of divergent opinions,
making it difficult for the public to form an accurate and clear understanding of this concept. The development process of digital generation
technology is reviewed and the concept of "complex universe" is proposed from the perspective of China’s digitalization process and national
conditions, in order to promote relevant departments, practitioners, and users to better understand this emerging technology and guide the
healthy development of the industry. Based on the concept and connotation of complex universe, an in—depth analysis of essential ele-
ments, technical support, and application scenarios of the metaverse is provided. Finally, relevant suggestions are put forward for the future
development of Metaverse, including technological breakthroughs, rule formulation, industrial layout, and talent cultivation.

Keywords: Metaverse; complex universe; technology system; development suggestion
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Abstract: Over—the—air computation (AirComp) technology leverages the waveform superposition characteristics of wireless channels to further
enhance the efficiency of wireless data aggregation, enabling model update information to be aggregated “in one shot”. This achieves a conver-
gence of communication networks and computational power networks, exemplifying the concept of “network and computation fusion”. How-
ever, channel fading and noise may introduce aggregation distortion during this process. Additionally, the quality of update information and the
transmission energy consumption of edge devices can impact model aggregation and convergence efficiency. Therefore, we establish an Air-
Comp enabled federated learning system and propose a dynamic device scheduling mechanism to address issues related to channel interfer-
ence, efficient data transmission, and data distortion. Specifically, an appropriate number of higher—quality devices are selected to participate in
model training while satisfying receiving signal—to—noise ratio conditions. It utilizes gradient importance, channel conditions, and transmission
energy consumption to assess device quality and retains and accumulates gradients from unselected devices to accelerate convergence. The
problem is modeled and solved based on the Lyapunov optimization theory. Simulation results demonstrate that this mechanism achieves
higher training accuracy, faster convergence speed, and a certain level of robustness against varying noise power levels.
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Abstract: An embodied intelligent robot technology in industrial intelligent manufacturing is proposed. The robots can learn the policy, make
decisions, and act autonomously to complete anthropomorphic tasks through active perception and environmental interaction. The embod-
ied intelligent robot uses a reinforcement learning agent as its “brain” with a real-time control system of 1 ms control cycle with a multi-
modal "perception—action" feedback loop, which includes stereo vision, spatial six—dimensional force sensor, and robot proprioception. The
system was subsequently deployed in our 5G intelligent manufacturing factory to replace workers, to plug and unplug network RJ45 crystal
heads and optical modules for 5G small station manufacture, which eliminated our last breakpoint of automation. The practice shows that
embodied intelligence is a promising robot technology in the future manufacturing industry.
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SIFEIN: B8R, Wik . E5ERN s ABOR U1 0-0EHER, 2024, 30(S1): 40-44. DOI: 10.12142/ZTETJ.202451006
Citation: SHAO H, XIE D X. Embodied intelligent robotics [J]. ZTE technology journal, 2024, 30(S1): 40-44. DOI: 10.12142/ZTETJ.2024S1006

Fo~tE el A, BEE A SRR T, MR

— WINESS o BilsSlRs R BER N, R REEEAMUL
1j:AIIﬁmIﬂM%AﬁQ%%ﬁH%§ﬁ,@%ﬁ

JEHATYIEEAR, T R RA S5 AR S AR A RE T

— SRV ETC IR L S8 T AR N R4 0 B A 74T 55
MR GER, NERGRIR . e | UL RERC . e
SSRGS . PR A2 D118 BURE B0 T SR i
BRI, I DX SR E AR R AL GEbL A N AE e B
WEPAT, IRTENTHRAE, 22 A b inE
WS BESESEATC AR AT T, FRAT B
SR EA B PRSI RE T R RENLES AR AR, BRI
BFHE (Embodied AT) HL#E AR 58 MK 2 Z 2 BT 551,
F130 A b =2 s

Ml ST LB R AL A B S — S U e S,
— PN B AT SRS AT RRIR, LI LA
No HEEBEHLES NELOIRAE 87 AL T8, FElE
T, MLER AT DUR S AT, 2 n MR
—FEFRBRFFPSE Y KM, e SRS LI 5E

40 PrG@ERRA
202478 £ 30% 18FU1 Jul. 2024 Vol. 30 S

H R HLas N REHOAR T 2 R A W72 =X, il
FHPLESILIE S | TR REDLAS KRGS, FI R EE A2 RO 26 5 B
HEr U . o H eSS . AlRESINilgG2Ema
Ground Truth FR&s (9 BRLE LFATHY, J&—Fh o8 WARaE24 )
T, IR ESRE B T, R AR M o X )
TR I AR R RE . K SR BRI G PR AR R A
SRR A E R S SRR S4TSR R ER . AR LAH B
BREVLA NS — AR IR RE , (X R S ER AT
DA B AL A DR B 22 FLSC IR AL, e ) 2 58 R PR AT
%5 XA (RL) MEREIAIFT Bt F22

1 RgRE
N TS -8l OB, ARSCR s A
IRMEH S RENLAS AR RS B 45 S T XU H



\\\\\\\\

BRI ARBURE(5 B, . LB RS o R b HLI AR
PORAEBARSE, fENHLI A RE A SR R . 730
B4 R R A X L2 1 SR S 4

RSO L RE LIS A R AL — N TR BO
4T UL TR AT M AR (POMDP) B4, 3 T
BHALHE R TEA (O Apory ). Foh OR B BATR A2
i, AR BT, AR FE RSB Pr (oo, a,) o 24
M a, PATIE ML ¢ 16220 B i P O 5T 51
T AR o FOBER, 10X A — R34 LI
HRIEE R, Ty B R

BB FIHLEE A EIERS, hOLE MRS (5 . B
s A [ 1 BRI 25 AR RS B 4 1 L
1, T RIS AR T T LUK LA
Hy 2R A B s, BRI 25 ) S, ol

SL={01’0L—1’01—2’“.}0 (1)

XFEFRATTHENE POMDP 3 R A% Ak S Arf 4 /R AT e pe 3
o (MDp) B, ﬂUﬂqfﬁﬁﬁ(&A,p,r,y)ﬁfﬁo XA HOPR A&
SR p NI R B r, 53 3

p =Pr(s[|s,,a,) , (2)

ro=r(s,a,), (3)

WG ) R 8 Y bR R 4R B R AR r (a s, ) (875 2R
EIEIEST S IN A
J(m)=max . [E[ zil yr|a, ~m(|s,), s/~
p(.|sﬂ at)’sl NP()])]O (4)

e AP TT DR R BE T4 22 I 46 1) RL 53030538 3 T4 58
BRYNGR. TR R AT I RE ), 8RR FH IO
(model—free) i) RL 3575 R AR AL SR PR AL 7m0 X T 5L PR RE il
WABE ML AL, o FAES PRI e g fh i 2T |
SR A RS, I B S R T REAS . LAty ity oy =2
K 1 Off—policy 19 RL 31511 A8 J& On—policy 5% . Off—policy
B RL /7 7%, U Double Q-learning® I J #f & & W& &4 &
(DDPG) "FISAC (Soft Actor—Critic) BEE8E | 2 A Kb
PUMERIA T A SR B X PR HEA TR BRI ST REA, ARG TEHTH
PR IRBETEAT A SR ISR A A ATl 2%, e qh 3]
LA

ARSCHE B BB AL AR RGHESR NP 1 TR

X BRI LA AP HIE 55 thPERE LTS . R
19 SACH . HAEGAL S mE LLARIBCH 25 BTl as IR,

BSETEASEARAK B F

S KA RS A, AU E P (Critic) PRELQ, (s,.a,) FIZ))
fER M (Actor) gl%*f(m,(aJs,)ﬁ%”ﬁKﬁ%ﬁ@ﬂ@?’?é’éWéﬁ
BADEI G, IR R o TR E y PrinSE 1Y
RN AT SHL

TEYIZRIT, s, 2 MALAS N5 BB 38 B A i A B s vh
FHICE Y, 110 a, 2 S AT SR B ThoR AR R . SACTIE )
VEFEME BRE 7, (a|s,) BT TR — A TBIIEM 404, tanh—
{3 AT B B ey FUPRIE 2 o AT, T TR DD Y B AR
BF, DU B FRREE 22 A e S o3 AT AT — UORAE , RERAESS
Ra ME R R AR
a, = tanh (py(s,) + o4(s,)e) € ~ N0, 1), (5)

SEPE 55 B9S2 2 PRI i B S5 MR R X T R B R REAILAR A
IR — M ARKIR IR, BT LAASCAE RLBERLZ A, B0 T 93
WS a, IFFT RL SRS 0 o, Z 0, TR0
R L E N a, FATAT U F 20K

a,=(1-B)a, +pBa,,Bel0,1], (6)

Horp, BB SR, Hemlis il T, BHUE N ORY, R4
S84 TARTESE T HU RO B LA S VRS s U 11,
AGL5e 4 TARAE TR B fh 2y > RS

2 ZIRASBANE M & L1

HHERUL, BB REILA AP I SRS 2
MLBE . ML P A FARTE S BRSSP
REASSE IR MR O 55 1O R BV BEALAR AR L, BR THLERA
ANRLEZINGL, BB [ )3 L 2 A A A AL
I PR AL SE ST AT AR BEPR B AR TR 2 RRRESE
23] J1 AT USRS LA AR B et B A 1952 RS

BT BARAE B AL s AAMOREE B, ok AXUE AL
PSR IR B AR AR . B, TEE T 2B

r s

Lg PR |y s
L i
25

AB —MESBENEARS

PrG@EIRRA 4]
202478 30% 18FU1 Jul. 2024 Vol. 30 S



BESERASEARAK

\\\\\\\\

OB, FATT XA i A A A sk R AN R Y
AbBRTTIE o DR BE 22 N 2% BEAS AR A i 1R AT i 4 JBE ) AR~
21, BRIk LA IR A, MELATESR oy ) vh BN 2k, X
AT IR RAR 2 > Z BR 1 WBS 2 > A S a2 — 1
YN Z50

ATV T —Fh ZHES RG24, I 2 R .
RN T 2R 3R XU AT | A S 7S 4 ) IR
T ARSI . BATRAAAT S AR 69 7 b
PLES AVERAR, HIZET-HLas AR 30 H e S5k AE A
WAL, 458 T RBFRIPLE AAMOR S SFIRAE R R,
DU F . IR R IR AS E

RRIGAFC (1), R AL B BRI HR I 8] P51 LA 8 it
(0,0, 1570, MER I, VERARPIRS A&

TEARYE AR SR A LB 7, AMRSE R A e
MAMKHPIRA AR5 PSR LS AR S TR 7 B A5 S A Y
TOBCEEILTAAE R, TR T x 8 (BT [E 75T, SR T 5
J2 LR A R 8O Ay 12 AERRAE ] o . ) RSt A G
X AR SN HE ) R EAT AL B, 5 HUR T (1 8 UK i 6 4E F/T
I, I8 x 6 WA, di it —> 4 )= PURAS TR 257
Bk 12 4EREAE . BARSZELRS, S TN AR ARG B
FI A A0 ) S 58 A bt e, FRADTIEE BB 1 s
i, HERAEBVEEE X PIA [ i 2T 1T B2k,

TE R A LR ILSEAS BAC B SY, FA RO H L SE Bt 5k
MR SR 84 x 84 x 3RYIEIGHR, iz 8 WIHEATHES:, SR
JRRAZ 4 2B ML (CNN), R0 1Rk

ENYN G TMERBER

JREGPL (MLP), 2 il 50 4ERAFAEm . S 1 Rk
S, AENGRN S DrQ L IR T T RS AbHL

I LR PIRR Iy o) B BHE RS — D A 2R
FAE, RIZESRNE 2 A E PR 28 RS AL . 3)
VB SR I D0 4 Bt SR AE 18R 6 248 (14 A o 1 JR AR A AR fb
il A R R SR, SEmt PR HLas A Bt

3 E=HlgE gt

MR Y 2B ERME B AR RIS, R RRIA N
P E 4 20 Hz (AR I R IR AR BRI (55 o, SRJE T
il g A 8 1 kHz BIPLES AOCT B M, B4R 280
B T A2 T SR i L {55 ey it S B  A T4
A, E 3 FR . ASCET TP PID I #S, BLL1 kHz
ARSI BRI g A S BT A AR S0 v, H v a, THE R S
WA P, ARG 1 ms B JE B MR (AR X, . fJARE
P PID F il i th sl o 7,

T”:JT((])A[Pd_Kp(X_Xrl)_Kw(V_ Vfl)]’ (7)
Forp, TR SER RO MR g ROPLES A 8l g 2 SO AUHE T

FUAERE, AR, X OALas A SHRiAL B, Ve
[ . K, K, 7350 ol LA BRI IR JE 2R 4K

4 R FESESLIMENIK
N TR HBERENLAR ARG T THAE, Rl b H
RETR 2 ML SG /Nl [ Sl I R BE A VAT 55, BRAT IR T 05

BLEE

D TeR EIRE0%

i ﬁ&; ' 00000RA0 a2
F R ! ocoo 0o M
i A 00 oo

: al i &} oo

R DR |
! [ ! 0000QpE00

i . i ocoddooo

: : o Q0

: W

| W%%J : EEAE

AB?2 IETBRAGEMBIRT

PGB IRRAR
202478 5530 BT Jul. 2024 Vol. 30 S

42 |



\\\\\\\\

AB3 Yl ABHESIRT

FIREE, 1 T Franka £ A PGS A ZHLE A N E
AR I REAR I, AT ASIE I 20t R 0 1445 1) 7S 46 1 BRI
PERIBL SN BIAMZ SR

4.1 ERhigit

TEFR K 5G /Nl RI4S 3 Sk AT 45 0, &R 40 3 B AR MR 4%
RJ45 4 k2 A5 BT A K D3 B AR, Eoh T4 2%
R, WAL RNER Sy, AT T iRk %L

A(e, - 1), M= d
r(s)=30,(¢c, = 1), 2 1, < d BRI NYE S e
200, 24 Y olo P25 HI T EL 548 A T , (8)

Forp, FEBLER N TR ARBR Sk B0 IR A7 28540 A e HARAL
LERPAIXT LN (1,1,,0,,0,0,0) . d g RI45 Hi HAGERE, Ko
e, Mle, HEL, A, A, AT O] R 50 FATR A2 i)
B AR S 18 23 R HE SR B e, KPR
SRR IR AL

N T HERFIBE AR AR, BT SN0 R T — AR
T TR TR AR H AR Yolo RIZEI - R4
XUHBARK RLSEAR S, ol 1A M B AP 2k IR SiAe BOSE
AL AR ZERET R, O 1IN A 7 T REE, FATE X EAf
YNILECSS: )R HE A 72 (BN T N P ST TS LN AR R E
AR RS

4.2 fFEEHL

PrEEY, Sl I 28 A (BT 0 2% B 2R
Adam LS, #ER/INEZE N 128, SAC HYHK H bR BRI &
290.005, FATINZR T 500 £ (epochs) B IIEM 2 500
e, RHBEHLAF2EAT T 1025, BOFEioes frr B
br QME, K 4R, JFEARERY], RECARBIREH
SEINH SRR S5

BSETEASEARAK B F

50

SRER TN
o

-50
0 100 200 300 400 500
WMIGREHRER
(a) I
i
E 80
it
S 60
@
qb:F 40
K
L 2
L 0
0 100 200 300 400 500
VIERERREL
(b)Y BEHR OfE

AB4 HRBLEIIGER

4.3 EXEFIMENIR

AT GR G BT RE B] 5G /il 4 7 (1 e A4 45 E
AT TR FANRES . H SR T P & PMEDL SR
NARL, Hh—& 2 507 B R H Franka HLEs A, 757
MLk . DG MIGR, Sih— B LA A58 B 3 1Tk
A Sk Af IR T AL 3 FR 5 D03 5 0 T 4 7252 B4 o
(PLC) XHELLSERCEHL A s, A Adm it (170)
BRI T XA TR T RS LA 1 A, H B [ 3%
17 (AGV) HzlRaE, WK S R, MHAR, A Tiks|se
IFPEZOR, HLgs AP T8 R AT 520 (RT) %M T A Linux
BAE R GE, MLAF AR 2% 22 (R 2R FH R P 5l i pr il
(UDP) 5, HAEHITEA RN 1 ms Jf HHZORIER I
FE (RTT) /INT300 pso k34> B A28 1) S5 B 250 0.4 i 25
Fro WHIEFESE T — BIE, MLEs AR5 1k S
R T ARIENLER NS R B M, B P 4020l A A
SR, PRI R T 1 A A2 1) AR S 4L

TEESA R, RIAS i SR AB SRR 34T 55
FH X 07 iR P 2 ST AR 2 AN ST Ak ) s P 4 R SE I, SRAEFN
IR A AT B . B AT 55 #0412 2y 500 8%
FE, FERUCREE G BRI TNk . S PRI SEBR IR, AL
FENBENE v 5E . H 352 B R4S 3 Sk FDERIHL A 30 A $A4E .
IR FIR A (6) RIS EL BT IR bk A A8 A
TR RIG G . R TR SR E [ 2 /i 3l

PGB | 43
2024 E7H £530% BT Jul. 2024 Vol. 30 S



RRER

BESERASEARAK

Do

AB5 BESHBAESLRES RIS

YR BERE BEMEN 0, BAHAEL RN, H5 BBE /N T 1
A— GG R ME, X FERLAE AT AR AR

5 &RiE

H BBl R R R A S R 8k, s
A FERHLE AT A Z — . TR KN, f£45%
DL AT H N BEAG TE 5 REE Y 3l A T SRR > 1Y
BEEReLA N, IRl PAF e MU TS 5 02050, A6l
ORI 3D RS AAIE S5 . ASC P E B B RENLES A Y
VRS SCRE R, X — R RES AR T LS A sk k™
R I T RN NG 41 74 e ) et IR S 4 -

SENE

[1TLIAN W Z, KELCH T, HOLZ D, et al. Benchmarking off—the—shelf
solutions to robotic assembly tasks [EB/OL]. [2024-01-15]. http:/
arxiv.org/abs/2103.05140

[2ISUTTON R S, BARTO A G. Reinforcement learning: an
introduction, 2nd edition [M]. London: The MIT Press, 2015

[3] KAELBLING L P, LITTMAN M L, CASSANDRA A R. Planning and
acting in partially observable stochastic domains [J]. Artificial
intelligence, 1998, 101(1): 99-134

[4] MNIH V, KAVUKCUOGLU K, SILVER D, et al. Playing atari with
deep reinforcement learning [EB/OL]. [2024-01-15]. http://arxiv.
org/abs/1312.5602

[5] KOSTRIKOV |, YARATS D, FERGUS R. Image augmentation is all
you need: regularizing deep reinforcement learning from pixels
[EB/OLI. [2024~01~-15]. http://arxiv.org/abs/2004.13649

[6] VAN HASSELT H, GUEZ A, SILVER D. Deep reinforcement
learning with double Q-learning [EB/OL]. [2024-01-15]. http://
arxiv.org/abs/1509.06461

[71 LILLICRAP T P, HUNT J J, PRITZEL A, et al. Continuous control
with deep reinforcement learning [EB/OL]. [2024-01-15]. http://
arxiv.org/abs/1509.02971

[8lHAARBOJA T, ZHOU A, HARTIKAINEN K, et al. Soft actor—critic
algorithms and applications [EB/OL]. [2024-01-15]. https://arxiv.

44 | RGERIAR
202478 55304 18FU1 Jul. 2024 Vol. 30 S

Br=
— 1158 AR
e ~ WEHES.
LA = Type-C =
i 2 ‘o
| VoD B ‘
O
iy =
000 —
o RE. RS I wREEm

org/pdf/1812.05905

[91LEE M A, ZHU Y K, ZACHARES P, et al. Making sense of vision
and touch: learning multimodal representations for contact—rich
tasks [J]. IEEE transactions on robotics, 2020, 36(3): 582-596.
DOI: 10.1109/TR0O.2019.2959445

[10] OORD A, DIELEMAN S, ZEN H, et al. Wavenet: a generative
model for raw audio [EB/OL]. [2024-01-15]. https://arxiv. org/
abs/1609.03499

[11] KOSTRIKQV I, YARATS D, FERGUS R. Image augmentation is all
you need: regularizing deep reinforcement learning from pixels
[EB/OL]. [2024-01-15]. http://arxiv.org/abs/2004.13649

[12] REDMON J, DIVVALA S, GIRSHICK R, et al. You only look
once: unified, real—-time object detection [EB/OL]. [2024-01-
15]. http://arxiv.org/abs/1506.02640

fE & @&

AR, PPOENRDERATRNEEER. B
HMER B LEAEARABRES LR ENEE
B, EPEITENSSE (CCF) BEAEDNT
HNTEZE, 2ITU-T. IEEEFIETFRRER; =
SMEESEEEN S AR TE; KTIWFE
SHBITU-TXRRME. [ RANSEFAR.
RIS AL

WA, OBNRDBRATRSEK. B
BB DRABEARDRERINEEE, HE
NET, PERBHEET. BERENEANS,
SHESISEEN, 2023 FHBFTRERK
TBENEAZRTEIEE, B (BRPEHER
SHRAREBMINE (2006-2020F) ) “#7
—REBHILEBIEEN" EAEMCITEERS
R, EX “9731tk)” A “s631tkl” MBE®
kA 2002F . 2010 R ERBERRLHSR FER 21N,
2017 FRBERERARIR 1IN, 2002 FRE85BRMHEKR.




RRER AT ESUSEN=48RERKA ST &

AT RESNEN=EHIEMRAR

3D Scene Generation for Mixed Reality
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Abstract: Mixed reality, as a typical form of a multimodal digital information system, aims to seamlessly merge virtual information with real—
world information. It is one of the key technologies for the next—generation Internet. In mixed reality systems, the efficient generation of
three—dimensional scenes, as the core element of virtual space, has been a key research focus in this field. In recent years, the develop-
ment of artificial intelligence—assisted content generation method has introduced novel approaches to addressing this issue. This paper pro-
vides a synthesis and summary of various methods for three—dimensional scene generation in recent years and offers an analysis and out-
look on their development trends.

Keywords: 3D scene generation; mixed reality; Al
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Streaming Path Tracing for Real-Time Realistic Rendering Technology

F=/WANG Chen, idi%/GUO Jie, ZPHEL/GUO Yanwen DOI:10.12142/ZTETJ.202451008
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CBIESIRBIRE A, 1 GPUPENSITHYEIFHE S 83%-~88%.

FB2i9: LWESLRER; BEBER; GPURE; MIl; SoA

Abstract: A streaming path tracing for real—time realistic rendering by examining the graphics processing unit (GPU) thread scheduling and
memory access is presented. Traditional path tracing algorithms are decomposed into several independent logic modules, making the imple-
mentation more in line with GPU hardware’s scheduling pattern. Furthermore, using a structure of arrays (SoA) style memory layout rear-
ranges data to reduce the number of accesses to dynamic random access memory (DRAM) when algorithms run on the GPU, thereby im-
proving performance. The proposed scheme is GPU—friendly, showing a decrease in the runtime by approximately 83% to 88% on the GPU
compared to the unoptimized path tracing algorithm.

Keywords: real—time realistic rendering; path tracing; GPU~friendly; streaming; SoA
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Abstract: The performance of early intelligent encoding methods was limited by manually designed solutions, while current neural network—
based encoding methods lack interpretability, which hinders subsequent analysis and interaction between humans and machine vision. In-
spired by generative models, the generative encoding methods aim to achieve compression and synthesis of images and videos by con-
structing efficient generative models, obtaining interpretable compact visual representations, and synthesizing high—quality visual content
that conforms to the prior distribution of images. Among them, conceptual image encoding and conceptual video encoding leverage the pow-
erful sample generation capability and compact hierarchical visual representation models of generative models, resulting in superior encod-
ing performance for images and videos. Cross—modal semantic coding, on the other hand, enables cross—modal transformation and coding
between the image and text domains while maintaining interpretability, achieving ultra—high compression ratios of thousands of times and
satisfactory reconstruction results.

Keywords: intelligent video encoding; generative encoding; cross—modal compression; conceptual coding
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Abstract: In order to better develop the next generation mobile communication technology and accelerate the construction of 5G/6G, the fo-
cus needs to be shifted from 2B (To Business) to 4B (For Business). From 2B to 4B, it is a change from supply—side dominance to demand—
side dominance, and from "exogenous empowerment of supply" to "endogenous synergy between supply and demand". To develop 5G/6G
public—private network, it is necessary to establish the concept of sustainable development over the entire life cycle, deeply understand the
core demands of the target enterprises, give full play to the main role of enterprises. Vertical industries should lead the standard setting and
ecological construction of public—private network applications, and design replicable and definable business models. Starting from the top—
level design, the digital technology is integrated into the digital transformation of vertical industries, realizing the transformation of the 5G/6G
public—private network development paradigm from 2B to 4B, and creating a sustainable development model of supply—demand synergy
and value multiplication for both telecommunication industry and vertical industries.
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Abstract: As the chip manufacturing process approaches its physical limits, multi—die stacking 3D integrated circuit (IC) technology has
emerged as a promising approach to sustain Moore’s law. Integrating chips vertically with 3D IC can significantly reduce interconnection
length and improve interconnection bandwidth. This paper provides a detailed overview of common 3D IC system architecture solutions and
discusses the advantages of using different 3D architectures in terms of performance, power, and area. It also outlines the challenges re-
lated to physical implementation, packaging, testing, and process capability. This paper summarizes some typical commercial products that
utilize 3D IC technology and introduces their system architecture, typical parameters, applicable fields, and competitiveness improvement.
Considering the current industry landscape, the paper suggests that China should comprehensively assess the current situation, capitalize on
opportunities, confront challenges without fear, and strive for leadership in this domain.
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Mo TEmsm N I, 3D IC Ak SbEie 5 m DI Re e mlUE .
3D IC A AR E LK, RTHafEW 58, SRR E RN
RN RS, WA AT R | KRR
B AR R A R T TS T, 3D 1G] SE LR
#/NEAY, BRAREIRDIRE, BB T 4F bR T 20 SRR I
WA NI, 3D ICAER s TR nl i e
FT W) B R A R AT e S T

33D IC &% %E44

3D IC RG24, ATFET0)Z (Top die) FUKJZE (Bottom
die) W SWREXMIHITX 4, TEAHNFHESNAF
(MOM) . NFEMEZEH (MOL) . #HHESEH (LOL).

MOM 22 #4 JE =X 7] K 22 5 DRAM HE B J% R P9 A7 08 A
(Memory Chiplet) MBI, $iF+ 5 G0 N A7 28 1 RN AFAT 98
Wl 58 NAE (HBM) ARG WAL iR (HMC) 3 ]
SRAM HEZ il W AEHEZ %1 (Cache on Cache) JFf-4E i 3
SOC W, MUS P& RGEHZA: (SLC), R—AZIFEE,
W AMD [ 3D V—cache; T T1H % 3D SRAM, i@ it H745
SRAM PR ICEESIPE AL Ui [ 2E3R |, s A7 3 Je 3 M 57 K 2
(PSU) 19 1 5 280 52 BF 5% A BN FH 7 4 RS 2 3 43 44 4 3D
SRAM"!,

MOLZEFGIE X A6 SRAM = #2847 (L1/1.2 cache) 3%
WEPoTHES, MUEHE FEAE, W0k kb B2
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(CPU) W LIL2 BAFHF 0 M ALU HES . LRI o
> (IMEC) () DRAGOMIR %51 F] openSPARC-T1 #% i#£17 3D
SEAEMES, RHLL 2D AT LIAR T 11.4% MR, (G 3 T
K2 (GT) F1ARM [y ZHU %5 FF CMN600 HI N1 AZ 4T T
SLCHICPUHES, ] LIRTF 17% i B A48 4% (IpC) 5
7] DRAM 47 (Main Memory) H1SOCHES , HIskEAL
L2/L3 847, MUSEAETTS. (PNM) 224y, filn. K%
5 5% 5056 % () CHEN 45 8 37 CACTI-3DD #2743 #7 T 3D
DRAM [ L34, AT B3k J2E B 1) NTU %5 FH 32 %85 Fl DRAM — 4
MBI T — R T R R AL B

LOLZEMIE AT L FJLFR: 1) SOC on IPHES, #£SOC
TSR O IP O IRZ, B0 1P 2 I, X5
PEREZERAN G, RN 200 RS, SR =4S = 4R
W, FRARIRST 5226 A, 2) Core on NOCHES (NOCHEH
BB ML), HEHER LS NOC U T 3D R/ HES , AL
THEAAZ O[] I 46 % g D IR B . 32007 1 X 32 4R U 43 Pk ik At
K, WIHE S, 3) Core on Core MiE , FA[R] 1A ol b B
B AHEHES . {H Core — R KRR T, 1l HEF BTy
i [, IMEC [ CHEN %4387 1 3D CPU M & i HUHAH L1
2D ZEIR AR 1409, 4) =4EF EM4 (3D NOC) HYIE
X, BRI EEEO A AL TAZSER 2D NOC,
3D NOC ] DL 25 PR AR SP- £47 190 4 157 ) A2 32 st 4 R 30 8k,
VLA FE T Tree L5 FIEET Mesh £5F9 5% . ARM [ FEERO
FIPANDE 7341 T 3D NOCAHEL T 2D NOCTEHF v . IFE.
A 5 AR AT R, S5 NOC 384 JE 3R (Y R I ] LA TR
Gf b AR THPERE", 5) A HRER NI KL 3D HES, 3D
NOC FIE 7K 2 M B 5 L0 A TR 2R A J22 T A 3 e ke 3
XFHEE AL (TSV) FES A B G BB T 20 I 4 o 42 3k
Pk

3D IC ARG ERE 3 L2 T SR A LM (52 . 75
SRAMZ BN RE IR, SN SRR AT RE T 0] 5 SR ZBR ] 5
U5, SRR BT AT T ) W AR TR 3D IC R4
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4 3D IC &&i%it

FI 2000 47 LAk, 56 ][] 53 o SR 5 14 s SE i
TR ZE 512 (DARPA) BREITUR BT B 3D 1C H1LSAL 4 A ¢
TUH . 20004, JFRAEFLTA=FE (MIT) (1) RAIF #4255 41 1
Rent 5E B ERISTE LA FH 3D 1C 7T L ik 25 B AR H IR ZE 3R A0S
TR, S0 ) e G PR 2 2 T 22 [ e L ) o 288 B IR
ZEW BN RIS E A T LS X (KOZ) K
AN 30k 3D HER TS5 46 W T 51
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A5 R SRR Y R AT PR IS TE AN RS O T, 2004 4, Intel (1)
BLACK 5 XHR BE it K AL P B ——i A2 847 T 3D VI 435844
M2t G =T R, AT LAY 29 A B K 2 b iy
RCHEIR , WNEFAIILE | 77 S Ab BRI GE | 27 A2 HE Ui ) Biof 4
&, T LAREARZ 25% MK R BEL . LAk Ut AbFRER %
1) 3D ST ASETF 15% MERE M [RIRFORA020 159% (e,

2006 4, iAW HL T 24 B () PUTTASWAMY %5 ] 3D
TSR T 256 i AR AF AR A HE . PRE S ] DIED AL
58.5% MY REFENI AT 1k A 24.1% W FEIR Ak, DUJEHER ol LAALE
4k 58.2% I BERERIIA K, 36% MY FER Ak, 1EAl, flfiTif
P T AR 3P 3D I R FAEARYI A . LR
Y15y Vil D804y o 3D VI3 HE B K i AR 3R Ja BR - Azb
PRESMAEN, T AR ERASAC B, AbFRRS Y SR FE R
TR . AN A A 75 R % 3D B R, DLk i
FER T REREAIRS), ZRAFARE R LR IER 5, K& Bh 3D 5L
IR AT 1 ) A2 38 R A 4 ) St She Ay el e PR RE TR AL B 8%
PR AT RE

2009 4, MIT FF % 1Y 3D T 253288 T LA S 5 Ak B8 28
FITERE FEA TR SN, B2 47 W N ST R 2 AL 2 il
FH MIT Lincoln Labs ) 180 nm 3D FDSOI T. Z; il T Wifh LA
PR G, 3D NGRS M 3D Rk gy . ML T 2D S,
Kogge—Stone %I 3D Jil vk #5388 20 4% 12 bit 784 vE 82 7+ 72
bit, A LAFEAL 10.6% ~ 34.3% (1) 3E 3R Fl 11.0% ~ 46.1% 1 fig
FE, 32x32 1) Wallace—Tree % 3D 3¢ 1k 3 1] LARFAIK 14.4% 4iE
IRFN6.8% REFE"Y ., 20104, ffi1% Al 7 — D HIT H.264 Zifi#
14 3D AL FEES , ZALFEES AT AR AS N AE A, AT
P il g AN IEAT U ) SR Mg 23k T E BT, R 784 A 3D
DRAM [ AFF SEER T, X 3R, 7RI 3D HH AN RS
BRI R, N AN R SR AR TR 3D HE AR B SR Y
AL AR, Filan: ATUATE BRSO B L H T
SRS R 3D A AL H

2009 4, JbRE I T K% (NSCU) FRANZON #f
AT —FMHTARALEEFIE (SAR) AP e
e (FFT) AbFEES. SAR FFTAb3ES b A K adt g4
HIRNAATERST, i — D RN AR 2/ 1
WAEIF LN AE B R B S, W] LA iR oT i el N
TEHIFATIE, JFRERFET AhBEES 60.3% MU NAFREFE. MILLT
2D SZ B, SAR FFT 4b B &% AT BEAK 53% P4 K, 27
24.6% TR, ENAER TEER T B IR AY 8.55 1, LAk Ml
FRIRAR 25.39%",

Jake, AITEEIT 3D TZHE LR, FFRER

3D IC RS Z2HAMER R =

GRMRREZE T LRGAM3D IC Z m M. 201245,
P W HE T 24 BE SUNG B4 1T T —Fp 36T 3D HE & A7
(1) 22 4% A7 Ab BRER JE A ——3D MAPS, X Fh 2844 (1) T2 2
64 38 FTT R AL, R JZ X I A 4% 0 (1 4kB SRAM 3
256 kB, shEHI M TS (GF) 9130 nm 4R, 3D &
MM T 455 (Amkor) 1Y Tezzaron TSV T. 2. 7E3D MAPS
BT, BOTE VRS 8T KR | AR
LORSPETE . THRLRT, IRAESEMEIT, IR T
P A S8 2 3D 1C BEARFRALA R NAElr e L. e
A% B R AZ S I AF BT T, A TR R Bt i [R5 S
PIJRFN N AE B TR RS, LR AL O AL B

AAVERC, IFA] RIESAA LA i 4 D AE o XL BRI
Ah, 3D MAPS iR 5| AT AIPE T, I a2 il 45 1 e A
IR AR T D RE AP RE LR . Sl A G R K
WAEHF 38 . TR BTN #6455 . HE T Median Filter FRUE,
3D MAPS 7] F| FH 5 N A771 56 4 63.8 GB/s, Tk FE e KAE
1) 89.99%, %X UF B T 30 22 44 I RN 3D 1C 4544 2 8] ) i
Fig o200,

2021 4F, BEEFREZERGH TFHSHEEHERLEE
(CEA-Leti) 5% AT /R KA LR R A T —3 & TH T
IR 6 7 ORI I 96 4% 3D HE S A g ——IntAct. 47 5
A JEAE T 25D BN N B2, BRESALREE BRI 2
HLBRAEDE SN e Ak, IntAct B TR R A2 TR SR B T HL RS
FIRHESCVR , A3l 3D Al AU il o (LIRS . TR a
ERLIP, A T A A B S 55 . IntAct 8 FH
Pk Sk (ST) [ FDSOL 28 nm T 2 HEZ1E 65 nm T 251947 I
2B, AT A G 3D SR AE AT . F AT
SIS, ORI . AR AT 2 H AR,

20224F, JREHICREL T (ETH) LUCA B8 2 T
— IR IR ARAZ SOC ZEA——MemPool, HoHh 253k 256 1] 4 2
o HERE AT DIIE SR LA, T LA AR AESR | Ik
FEAN B AT kB OR . JETF MemPool, 44 34 0 HH T 2% B Al
IMEC BFREA 1455 3D ICHOR, 4358 5 MemPool-3D,
A 80 MemPool 1R R LM B THAI 3D IC PR LE Sk,
ff DR T % I MemPool 78 2D 1C 355 T A0 4%l 1 ZE R 42 R 15 4%
FEIRFF R, 3D 1C RGEITHLBANER 1 R,

AfLLES, 3D IC ARG FERAMBIT . g,
TS 3T TR IRE

PRIV I, 540 2D 1C B I F{UAH B4 Die, @1t
2D [WHTIE T2 (FEOL) FIJSiE T2 (BEOL) K558, 2D
IRGHISHL, W B0, FOKES . GArHA . %
AR VI S 55454 2D 1C W BRSBTS A T el
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F =gy 3D IC RS 2eH IR MR =
V&1 3D ICEASRITCE
DAC-2009 3D IC-2009 3D 1C-2010 ISSCC-2012 JSSC-2021 DATE-2022
(NCSU) (PSU) (PSU) (GT) (CEA-Let) (ETH,IMEC)
3D SAR FFT pro - 3D/WEAI-N0iA25, 3D DRAM H.264 77 s 3D MemPool-%4%
) N - - )N

WizE] cessor ) N 3D MAPS-H{Tit& IntAct-3D SOC e

o ST 28 nm

mE MIT LL 180 nm MIT LL 180 nm GF 130 nm GF 130 nm S

T2 3DFDSOI 3DFDSOI ez D) Tezzaron 3D el ézts'v(; inter - 28 nm(prototype)
3DHFD 5 Layers—LOL/

2047 3 Layers—-MOL 3 Layers—-LOL MOM/MOL 3 Layers—-MOM/MOL 2 Layers—LOL 2 Layers—-MOL
3D pitch 3.9 pm 2.65 pm 4 pm 5 wm/2.5 pm 20 pm/40 pum 1 wm
3DES

F2F/F2B F2F/F2B
20173 / / F2F/F2B F2F/F2B F2F F2F
53 % LRA<FRAE 0 0 =
6% ~34.3% 3E e NI BB -
son R, OO%UIOE 6o DERIEE LIRS et Ly i
8y 8.55fEANEmmIe o o ap  XRFSTHIIAG tL 2D AAFEIE 3% P 9.1% IMEAEIRTT
11.0% ~ 46.1% B¢ e i &77220 Gops &Y o o
F+ FEREIEE =] 63.8 GB/s N5 7 o BESTE 15% BEREFR(ET
25.3% SiERPE
DAC: EfmSITEFIAN FoF. EWEHES IC. EEAEEHR MOL: AIfzHEBiE

DATE: BRIIMOTBEHHSMIREAREIN
DRAM: FISHEN B33
F2B: ENWEES

FDSOI: £RERESIK T2
FFT: BREMEHIM
GF: &
fbo DVERIDIEIE, SRS T LSS HE S I B, 1
Ty PRSI A R AnSRAT R PR FT 2D 1C XN ) R G S
B ehR, WIMELLARL 3D ICHS ML N B4 R Mk, 4+
XF3DIC, ZEH N 3D 1C /) T2 s A E ), #2647 3D 1C
ARG AR, FE A 3D IC IS . 2 SR e T HLAR
P ZERAIE R D ICH H Y . ey SCRE IR, DL
BB AR, W OETE SOC 2% MERE, WNIER | At
W NSNS, MTEESESRUFAR . W, B
HPERE SN, R AE A AT 58, HEAT NOC A 4 &
BEENOC 5 s F EAE . IR EAR T AR TP g vEfg,
BHEIP AR EITERE R R, AR E . R
IKRERURRE . LI/L24 5 . YRR a] Sl As . s s mT LAFI
3D ICKek, BARTE 456 440 5 & SRR 2 A0
S AR EH TN AR A S TE R R, s R ANE A R
AW, SRMENAAZR, AL, B4R R MOM
BEMOL, JF25E 2 AR LR TS LR A A2 ML 2D SOC Hid]
ik, SO RN AEHEERBIEAT SOC I, Bk,
SEIRFRNE, XN HPATTE . WA REA SRR, fTLGE
HIHREYI Sy, TETZ AR b o sl H H I,

DIReY) o 5 T2 SR R R, WP 2
i E W Die 7 HAKGLE] Die EAIFANLE 7 i dix sn]
R 5208 0 3D IC R ZHRED] 43 o RERSSE T REY) 73 1Y )2 )
3D IC T2 AR R BRI DG, o, Fe2iny T 2465
S Die M B¢ (EZRTSVANRAHA) RoF. [MEE, BS
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ISSCC: EPRESEBEEIY
JSSC: |EEEEEBRRAE
LOL: ZiEEEZE

MOM: ARTFHESAE
SAR: BRSLREE
SOC: K &SR

FEME, XPUE T Die [l HERAYH 9E . 3R . ThFE, ROTREE
M, HMERERRGS, 3D HIGHE  HRME, DIREELE
o AR UL, HELFTREHS S8 R BRI, 3D 1C ZEA4 5
USRS, AT LA SR A 44 U B 2 Ak, ML 2D SoC
F3D SOC, A[FM3D IC J5 L Re ) 7 291026 . Y
3 FHE B () fe/ N BT AE S BT (9 2 R R (I e Sk 3D
1C VIR . BEF SoC BEFG U U] 43 2 AR FE 1 B 4,
HHCHREAL, T Z2BORAL, XFR MOL 3774 &2 48 1 LOL
1Y Core on Core I SOC on IPJER, 41— AYJEHRET IP W)k
B2, X MOM, MOL ZZ A2 HE 532 5 Ml LOL 1 Core
on NOCE( 3D NOCIE; A —Z 02 D) Reii He N 2 R 2
5, %R LOL FRfi KR TR 43 o e 4k 3 321 ]
b1y, it LOLTE B v B PRI a2 NSRS #T
PRIy, T EAR TR = % HLBK Y Monolithic 3D IC T
2P TR R, Pt — A0, X 3D T
ARPE T S BRI LM B, BT DA VA
T TR g .

FATFEF, M 2D F 25D, 3D SIC, 5] 3D SOC,
Monolithic 3D 1C, 3D .25 9 8 F J& 2004 00T (0 Bh 42, 81
B Bl N 3D T 25 3k 1] LS RE 3D ZRA I B — . 5 900
Z IR . WRYE, J23D HHC T Z MR 1 Die
() IR AR ek AN B, (R I BR T ELAR 3D TG SEELA ) R
G5O TR AR . Rz, SREAIAY 3D 2K i
5 Y)53 75 ST 3D T2 F Rt T 2Bk . B 3D
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FEA

BRULZ AL, 3D IC RGRITHLHRELA % B 574,
A R tene . TR, WAL A (PPAC) k%]
=)/

3D 1C i i 35 0 IR U WA R B, 88 7 1) — 2 e By
SFIFEHE R ZIZ SN, (53D ICAHR LY 2D HBEA 5 AKIMK
MR, 52D, 3D ARSI, e A
W BRGSO . PR T B R G T RE R S
B AR 2, SR AMIRIIRER i (N s, i
HLUEOCHTSE ) BRIRARGBN, TZAEDIRE D) o ANy B SR
il RN AT R AR, FEAEIRET TR I 2 PR R Y R
FHL AL SE I o WO T 225 TR RE Y 4 S5 W B T T
JUR] e A i R AR BB R B AR BT, RN S M
PG A Dummy die 1 Dummy TSV 285 BI#G, i67] DI &
— SRR AR NGRS . SRR AR Rt 4
BRI R

B THERZ AL, 3D ICH) T2t a5z 6. Hrp,
RS SRR SLE 3D IC R EE NI AR, —EIERR
) 2 B HE B SRR AEAEIE S, INRRIE RG] . AR . T2
RAE3A T HPE T 3D ICHERE S5 i . Bonding Fl1 TSV FF1IE
RPN, BB #GE, 3D 1C AT LB AEAY H- 1813 58 it sk
Ko BEBHRASMEREM A IR, 7T AREAK3D 1C H K AE
BEYIFE. RREAC T2 T 20, nscs RS
I (1872 RO ), Al A AN T 2R, st
MRS, X T EE 3D ICHR IR R A AR 3D IC il A
AHEERE Y.

BeAh, ITEEE R 3D IC AR AL, 3D 1C ¥ K £
SR HES, TEMARSE NG, AR A il
BAR  BPRERAS | DR AAS LA BCOAR TR B AP AR
3D ICEH R ZRE 2D B imy, W FIEWBOHEEE 2,
A LA Ao K e T R R R A i 22 b sl 22 AR o AT 2R 3D
Chiplet JEZ,  DAREARBE AN 8 A . FEhil i 20, 3D Al
DIMES SRR T2, AU R, TR, (AR
T BN T Z658 (Mask layer) , #8 — WM TR AUA
(NRE). 3D % T 20 Rl BoR T &, RABMLLTE
JEFt, YETHEL L 2D BB A A B E T 3D E AT
Z MR SR, R RTREIRIER A R, Bboh, SRAHT
AT . ML DU 145t 254 1 3D AR .

BRATIRZAN, ZYE . YR, 2T A%
¥, AR R 0 AR A (e R 3D 1C & A T S B |
PERE . AT WA EE W, 3D ICIHR RGN RS

3D ZM B 5 V) o0 O SR LR N 2

3D IC RS Z2HAMER R =

FIRINEE. TERE. PIEEtE. MASZMNER, HERZXRS
SR, AR RO, OB MRS B H bR

53D ICF=m#k e

A JUAE, 7l A e B AR 3D IC 7™ o e
I3 3D 1C HAR 7 2 3D CIS FIMOM 1 HBM., {H 1 3D
CISHERGARXT AT B . N FHTU B — ,  [] 3 HBM ASREM 2532 45
ST D REATAE

I H 3D 1C 7 S AE 2019 4F 746 o Intel B A7 Tl N 55—
7 3D 1C AR I FE /N R SF SOC 85 Fr —Lakefield b FE#§
X il 2 AR HE S8 5 SOC on [P R FRMESIE R, THZ
fifi I Intel 10 nm T. 25 A9 115505080 (Chiplet) , £ CPU,
GPU., KEfGAbFEER (IPU) Fl—2e i R51 2, K2 H Intel
22 nm R IIFE T A 1O AL, A& 17 84 (USB) .
ERATAMEAE T (SPI) SF—SL JHEE T P, T0UZ FIIK )2 Z [6]
i ] Intel 3D Foveros Microbump I8k 1.2, 3D [r]25 H B R
R[5 500 MHz, 3D HICTIFER 0.2 pj/bit, Lakefield FEAHALHR
BLIIFERUINRSE 8RR /INI ST 9 CPU AR FE 2R,
H T Samsung Galaxy Book S. Lenovo X1 Fold &5 W2 ]
ARl

2022 4F, Intel & A5 5 FR05 A i 23 BEAR A9 Ponto Vecchio
(PVC), XFGE A M SOCHAG 13 S T 28R Intel 24
A e K SF o PVCZ54A T 3D 1C 1 2.5D BRI,
AT 63 00k, Hrh a7 A2ThRekL, 7o 164Nk T
WHESHEA, el 10002 IRE K. PVCHPZE
e, K TIRA SOC on IPFIMOL 3D 424, THZA 164
FHEEORLA 8 AN A UKL, N 128 1> Xe B A1 120 MB 47 %
L3R, JRJZA 2 RAYIRE L BGERL, S i AR IR
BiH (FIVR) . PAFEHEGI4E . PCle. CXL, L2ZE47% . 3D
S HIRHHGA2.97 GHz, HIEINFE0.2 pj/bite PVCE[F}
R Z RPN A T 20017 3D 1C HEZ 15— R R
RERT ™= 5, HOFEEOR N TSMC N5, PYAE R 5 LAl
KN Intel N7, X B 3D 1C Al 78 BREA HEZ HR A 2K
HER B RR, FTRE i, PV C N HIAE R 51 52 50 %
AT A T RE SR R B R RS 25, U Tk
2 ExaFlopsm]Q

AMD £ 3D 1C T JH Ak B 45 55 Bt Tntel 22 5 o 2022 4F
AMD % A3 55— 3% {8 11 3D V—cache £t R 177 5, 2 EIHTE
BOBL, A8/ CPUAZMI32 MB Y L3 547, THZ BN
ki, P64 MB 13 2817 . 3D V—cache X F TSMC #5 #7 3D
SolCH A, FIFMEIFE 9 wm 115 % B TSV SR A4 4 (HB)
HEAT H K . 3D V-cache 22 4 4% 57 J& T~ Cache on Cache [}
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6 HliE 5Pk

AES], BEJUE, 3D ICH R M s, A
J PR RS IR G AR R, it T 220 RN, At o] i
MR PERERE 3D i T2 JUHJE TSV AHB T2 A9 32 M 1k
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