MEF5 &R, 2023, # 34, £ 11, 44557

A5 SRR

ISSN: 2789-5491 (print)
B E B R A

Contents lists available at www.qgingpress.com
QiﬂgprSS Journal homepage: gingpress.com/zh-cn/journals/7

SHUANGQING PUBLICATIONS

FREITURSESTER

R, X RS, BRES

1k¥, #EARFFEEAIRNE, AR H: HEZE, &% 3, Zhanghua@piccame. com
2. X FEE, FEAREFEEARLNE, XK T m: R EE . & FH %, liujh@piccame. com

3. B&=, PEAREKFEEARANE, HR 7 ATLHR . F 55L& E, maly@piccamc. com
*EPMEH: KR

AR AR SO AT L R 4 2 S (B A0 s R R A PR RETH B (HPC) i LR A DU~
TP U HEAT T AT AR AT . AR SCE SR T A R AT ML AR SRV Y ) B B A S R RS
HBEAT A M AL B AEEEER b, ASCESL 7R SAAT LS T BEAT A OB, kA A
BEAT T 0T, AED7 SEEEE BRI 7RI R . AR TTRRAE T, SR T B A A AR A LA
TN T3 BN B AR AR AL U R B T

KA P FAT L, s PERETH S, Mol @A, B2 dE, SR

Abstract : This article provides a quantitative analysis of the semiconductor industry's subfields, including memory chips,
automotive semiconductors, high-performance computing (HPC) chips, and analog chips. The article first outlines the
importance of the semiconductor industry globally and the necessity of modeling the semiconductor industry's prosperity.
Based on this, the article establishes a model for analyzing the semiconductor industry's prosperity and performs an
analysis based on the model, verifying its leading characteristics in historical data. This article's contribution is that the
modeling ideas and specific analytical methods used in the article are expected to be applied to research in other similar
fields.
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FOAEEROR, DL RAT A SO, M T RESEITURSE SRR, iR BT I U R A
AT EARAE TR L

P FERIEF R T FHRERN T RESAZE AR ERAETFE TIEBNR S L, W45 K
B A L7 i R O BT 2 A BN B VI OIE, RN ARG — &5 GRS &
SONEAER 2 N TENL GBS R IR BT RRESESUR, NI MAT R R AHE
B HEEH(Rapp, H. P. et al., 2022). ITER, FE2IREBBARAEGEARKPOERE, NTHERE.
5GIlfE. KM H BN A AR L TR SR N, ik — B HER) 1R AT R R . SR
M, PP EIEE — RV, BRFBEARTESEEL. TFRARE SRS Fik, EHERRTF
Bt o2 AT ) SRR, 0 THED A R ARAT L I FF s g ek e B B R S((WSTS,  2022).

RGN S AR, BT LA IS RZE, 7ol SRR Zanasft. Dt Jfh s,
R B ARE, AT Beag. oty AR RS mARYE N S SAE, SCF:
W DI TR, EHESEE. SHIER, LI EES S E R S 2 A T A
g, =Ry, vt RIS ER, 1 H SR TS CPUL GPU S840 i (1) &
FKET M. (Huang, K. et al, 2022)

FEARRE T, FRATEARE AT SR . FRFR ISV L X S5 P AR S TT 2R 5518, 4%
BAAEE . RS S PERETHE (HPC)E i BLAULE Fr DY 4450, o HR e st U AT 22, 5
SR 73 AR L S T RE T SE(HPC)ES Tk AT T
1 ¥R SEP B B RIR

P PRI B MG AR SR B T =BGt HLA, @ WSTS. IDC. Gartner 45, f4E% g
FHL. A, RS REE RSN HIRE. AP ENEEE, %6 BT e A . W
K 1.

K% 1 Gartner & ERE GET-H144 & B (Gartner, 2023)

WERA 2022 FEH R 2022 FEHKER (%) 2023 FEH TR & 2023 FEHK R (%)
PC 287, 159 ~16.0 267, 676 -6.8

SRR B 136, 938 -12.0 132, 963 -2.9
FHL 1, 395, 247 -11.0 1, 339, 505 -4.0
I3t 1, 819, 344 -11.9 1, 740, 143 —4.4

HIRR S FEN NS 5FH AT LRI S8R, SOk BIGSI. BEE LRGN EE HAIRIE.
ZRHAR AR R IVE N IS A SR G155 . = 8dE T4, W Wind, Bloomberg,
Refinitiv 2 & SRR S5 2, FRUTe EdE =i, HEFH PR .

PSRN T TR B, SIBRN E . AEUN A L AE T A I BB AR LS 7 T RE S K. X
415 MV T AW I B AR BT AN BE AR F N, 3R T 1E 2 ST AN 2H 73 Sk 1) 58 4 R 35 (E ARG A,
2019). LLHE W) DRAM fFfC v i, 1% e T g USSE 1000 12367t, mi=_K) m=A. /LM%
HCE N I T A A, FEZG A R A T 6%(Kshetri, N., & Voas, J. M. , 2021).
SARAT IR 22 B4 3 ST AAT LR XA B ARF A, R g 2 PR i o DV e I e 3, FRAT TX 4t 434
RS R g o AT A Sk Ak I 2 E I AT

2 RBAFEVERA TS
2.1 WASE s b3
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PR SR AR, SR B A ERE A ZANX 1 E B AN FRE LS 5 2L B %
AN BN, SEEFE EDA. SRS Berh AT I A BRI, i H AR S AR e i
A —E AL, AR B2 T o ORI R T 32 6 30 0 3 B rp e 7 M i S BRIk B A K IR
K2, W@, A A Bk A B BUR 2 1 7 TR RN . (427K, 2021)

KR 2 P AT B & 5 H (Gartner. 2021)

FAHr kL
(=N
Bh5 | B | HE | HE FEEE BRI Hh [ KB HE
EDA 1. 50% 96% <1% 3% 0% 0% <1% 0%
IP 0. 90% 52% 0% 0% 1% 43% 2% 2%
i 2. 50% 0% 10% 56% 16% 14% 4% 0%
mm[AFER | 14. 90% 44% 2% 29% <1% 23% 1% 1%
%
BEEMAE | 2. 40% 23% 9% 44% 3% 6% 9% 7%
%
Wit 29.80% | 47% 19% 10% 6% 10% 5% 3%
i [ )i 38. 40% 33% 22% 10% 19% 8% 7% 1%
SRS N7Y 9. 60% 28% 13% 7% 29% 5% 14% 4%
SME L 39% 16% 14% 12% 11% 6% 2%

WA B EAHER I 5580, VEoRAaE . ™l AR EEE R . AN IR B 5 S X [A] T i #
WESSHEN S JER . MR, WS s 0 58 2 SRR, EIa A, WS SdREEmRsovRiE &
A AR BBt R

KB E GRS SRS R RS AR, H AT RO BUEIE 70%, R AERECK IR S5 A i 480
Jr)E(Shin, S. et al, 2019), H RER S EELLODM) WA E, BIRSH/IESR] WA MBI E
PASZAE P A% 2 K R AN BMC 5 B IR S5 2 LT 35 273/ H AL S 31, 53R H BB =T Nl =)
WA SGEBHIZOHTIETEARZ —. FEIE, EHERTESONE 4 R AR S5 2T L A e KRl b, ETIACR
HPC AT ZR & 5, B FOZ AR I 25 H A

2.2 FMEE SRR ST

At TGt Uy AR A IR IR AL AR 2 4R (e AT FLAE B A R, R B2 RS T
BT AEAL A S AL R B AR AT R, R AR TS ST DU — AN e S BAE SR R A
AR AR TE 52 B E DT, T ELX AR A AN R BOm A& i (R 0B o T2 3RATT AT CAAE Bl BL AR e, of i
B P RUE 5 HATAR G A, FHRME 5 MG A% (Lyons, R. G., 1997). JSKitFh, (S50 LS LR,
A DA S P AT A 5

SRR EELEY RN A QNI LT W i)
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BRI, Ze EOREEAEAS [F 1] A ED NSRS, I B R R sl ) B AR
ST fE (D) 2 B I, R RO SR AR, N D) 25 . H D)2 i 2 RIS, fEAER L
0.25 fERFEZRAA AR IBEE, XEWE G 5H RENE AR, NE8airitERfea BEgwm, HE
BT L AL . IS 5 F A I D 2R B, SRR E A S S A S S, ATDLE
Tt R B A RS 5 .

FERDI BT A0, [FIFA LGS KSR S B TR R, TRAVE S TIX /N AR . FRATRELT Sl or g it 7 =X
WHESHATIRE, BB ESMEN SRR AREIEA, RESE S Y IE S E S E A aHHETRE. T
(B 4N s IREE SR mas 5. Kb, Trend NEEESEG Y, BATELESFE 7 05
F; Seasonal NZFETHIME S, HESEWN—F, BATELEIHES 5 FEEAE S EA B AR 532
Resid A&7, HIRTHIE TR IRZE, —HBEHL 1, R E SIFRAENCE RIF(Cleveland, R. B. et al. 1990).

KR 4 AR5 s B IR E T MR g2 R

le6 (‘Server Shipment', Total')
1l2!5 -\\""/"\\\\-"’,——-——“'-\m__—a"——————-\\\\‘-""""'h\\\\~"’/'-s_g4’-‘\\\_’//"\-t”/’~\\
1'()() - T T T T T T
2017 2018 2019 2020 2021 2022
leb
2 1.]-5 ] 4—-‘-"h‘--'---___-—-‘-q._________—-—-'-—_"”
}_ 1I05- | T 1 1 T 1
2017 2018 2019 2020 2021 2022
EE 1.05 H
2 1.00
o 0.95 A1
v 2017 2018 2019 2020 2021 2022
IRE N |

Resid
o

2017 2018 2019 2020 2021 2022

MZE LG, 3 0. 25 fERFERAL A DRI, BUMACZ AR 0. 042 15 KAF AR A RIS 5
B2 ] BRI e O O T izAE SRS s B S, (55 RSRmT EA TERIRT.
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RJEMEB =R FEEAIZ S, RIEER P R (i) =R eR A0SR, FFORIEREA X R 52 FAL I B 34k
ET, CRARRINE S REOME R AL E R RS, 7R SR

NECR EEIS ARG ISV e Ve €]

10 4
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K 6 o, fdptrtixt, fead b E RS HEE SR R Al AARYE. P s B R R
SN A A A

2.3 JMIE S B

WP, BAIPAF T IR EEE S LA DRI R K X R S5 5 . A 3
BeAnfE 5 Z AW e AR FEME B 27, HENRpahd® e f kAR S Lfkia s r, KR ILE
NTEDNE IR IS LR . 2T, KA HIE S A% R IR X, AT LUl b e ) 5% A F
HRIPEZ), TEEESMEEE DA AR LSRRI EE, Ry TR G . £aHE
FKAWES G, DRI HREMENTESE, Bk, fEZNG4s R EEEEER ZE RS
LAl

FATE SIS T TR A AR SRR R, IFEAT 0 2 RISE AT, DLE AT B M1 R
Fffatr. RS RMBMLIEEST, FrbZERImged, Smsietm i TR iEgdRcEm
BURAERVIERATE, TARFA RN — P RIRA TR B 7O 2RESE, MAMEM THRERRIE, 2R
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FEARBURE i 2 — 2 BUE IR N — %, BT O BIMRIATIE— DR, AR T ETHTaEFEARNE
FKht o FATLAEPERE T E (HPC) & AT L 1 SRR R bR A B AT R IR B i, AR T #J El (Bishop, C. M.
& Nasrabadi, N. M., 2006).

BRI E W7k, AT . TR, FEAE A SN R, 46 B RS
YERENPISN), BT AL s b= BEA F #E (Capacity  Utilization-SMIC, R 5& AFEAEC R fE) 12
B0 A4 A 2R (Logic Chip Turnover-Average). i #%) 1T 5 & (Infrastructure Bookings—Total).
F RO o0 AR S 1 % A 52 (Capex—Data Center  Spenders) . 7 i it i 22 7 “F 14 J& # % (Storage  Chip
Turnover-Average). Ak 55 % FY17 108 K% (Server DOI-Average)(Mohammed, A., & Khan, S. A., 2022)

K 7 HPC A R S AT T PRI B 0 70 /= R TT1E

- Capacity Utilization-SMIC-reversed

- Oper Rev-Aspeed-reversed

a
I....-. = Legic Chip Turnover-Average
I....-- - Infrastructure Bockings-Total
I .--. -.. Capex-Data Center Spenders
N BT NN
- =0 zl- -.... Server DOI-Average-reversed
-0.4

Server Shipment-Total

..... e

l-04

—Uﬁ

Capacity Utilization-SMIC-reversed -

Oper Rev-Aspeed-reversed -
Logic Chip Turnover-Average -
Infrastructure Bookings-Total -
Capex-Data Center Spenders
Storage Chip Turnover-Average-reversed
Server DOl-Average-reversed
Server shipment-Total
Server ASP-Average
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MR FE, A RT3 R ONPE. 55— BiFs ) mif T B2 (Infrastructure  Bookings—
Total) A% Ly, &80 F (A7 52 8 #5 % (Logic  Chip  Turnover-Average). 15 M 17 N 1 4H s $i (Oper
Rev-Aspeed-reversed) A, #E R H A= mm A8 w5 N LURSS 48 1 H 62 & (Server  Shipment-Total) £l
BB % (Server ASP-Average) W% Cy, INELE T IRSS 8347 B8 KRBT AE S i (Server DOI-Average-reversed),
B T iR P

3  fETZEYSERANKE

FEA RIS [R5 5 2Z 18], W REAAER 721 BRI o0 &, BIEIRA —E 2R R KR, 5521
(15 WP T3 R BE R BAT TP A R A R L R PR A 2 [ PR TN S AR 3R AT 0 1) B S

TEFRA RS ZRN, ATHBIPFTE, 2 RRE X A EATE(S 51 Granger Causality(UFRHS 227505
PR AL A 8 JA(E 5 1) Dynamic Time Warping(— MRy DTW, S [a A #) k. WA TH AR & X X}
AR Y TSR, AGEE AR Y 34T B RS T AR L, WA S XL R E Y 1R AR
JREH . B, A& NI R A RE AR A e JE I, AN fe fi st RUR G R 4518 . (Granger,
C. W., 1969). 7t LUECESEIIEEIE S HAHIER, & 5t BB AR T R i@ B ie) @l . AR R B
X, b2 HEAEKEBFERER, AT BEE SRR 7 2074 m . sk, -AT5I N DTW
JiE, EXEAESRIRR, UGN R Eg AR, RS RIAE . (Sakoe, H., & Chiba, S.,
1978)

3.1 Granger Causality A% 22 2% [ 5

PL HPC 3t Fr A S fR il il 20 2 SR IR B A A% 0028 IR 55 2T 2 4 5 M 4 (Server - ASP-Awerage) fl14: 7=
B4 T HuU i (Infrastructure - Bookings—Total) Ay, 3@ Al T 40145 5 2R 40 5 4 8 i 5o 2 7= i 1D B2 RS 2
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KR 8 702 R BN % LA & B 1 L

1.08 1 H1.2

F1.1
1.04

1.02 4
F1.0

1.00

Server ASP-Average

0.98 L 0.0

0.96

F0.8
0.94 4

2017 2018 2018 2020 2021 2022
month

FEREATAS AN RAG IR, A TR A 0038 5 X 3EAT /MK ) Jm A sl e A i ot Y Il ae /7. 459R 5
s RS XA MR 55 & P i) R 3l 3%, XX Y MBI GE /oA W& 180t, A RIEhie: s
an I EM RS AR LU AL P B R T BRI L, B2 3 HI8se.

3.2 DTW iz [a)Hs

EAME T, BATPER AR S A AN s, FRAEAME 5 B B LI = 2 T (R R (—
RO GRS ) o 500 Herp—AME T AR 2 sh i B AL E AT A/ IME S I R B, WA JE R s, TR Y
XK AR T LERR JEA BOWI mo FEPME S B SE BB [T, TR A I 2 18] X K 2R Tk
R RAAS e AT IO R DR R IR IR, G BRATTREAT LS AR S AN — 2D IR ST AR IR A

AT T AR 55 2% H T & (Server - Shipment-Total) 515 ¥ 7E LU N\ (Oper  Rev-Aspeed) 2 [E] ) DTW K £,
ATLMS R N MR, ARG 2% H 0 B AR R S BB NG T A, (H IR RERF S ARIE SIS T
DRI AR 5 A2 il ) s m) T 9% 30

B 9 Ak 55 s th BT S IO ¥ DTW 23 #r
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—— Server Shipment-Total —— QOper Rev-Aspeed

4 ERAFLBEE R 5P
4.1 BRAE

FAVGR SR E SOk, Sk EALE . TR EAAMEE AN LR BALE, XA (R AL 15
PEROHATING, ¥ EHREZANGIAGIERAEA, Fld B Bk B A, AR UR
il(Fraszezyk, M. et al, 2022). fx#, HRREE 7o FARE: RS HO2 & (Server Shipment-Total).
% a PIAF e R B (Server DOI-Average). #di 0 32 B3 55 B AJF S F6 45| (Capex-—Data Center Spenders).
I P 7 1 B % (Logic  Chip Turnover-Average). 7fifi s Fr 3347 T Ji % % (Storage  Chip Turnover—
Average). %) FIiT LM (Infrastructure Bookings—Total). Ttk [ bR A& F1 F % (Capacity Utilization-SMIC)
TENE AR
4.2 BE5HEIR

FESEBRTGIIS , T EAH T AR E AR FN R RFWERBRES, AEEFTHRES).. N
T A T AR FE AR I AR, BATT B R R E R R FA R Rk, AT 0 TR 25
550k IS ] R 2T 1 B A e
B, BATRHR?score RIFMMERI G R . 248220k 1 RIS SN2, 7] LLSE 02 00 A A Fot i
5L Y . (Rencher, A. C., & Schaalje, G. B., 2008)R2score(lJHUETEHIZE 071 2 [a], kT 1 NIBCER
. JATEA S 25 R (pred), S B EFENIHESIE, S5EMGH A S (original, 15 3EHENSON) R EEEL
3729 0. 928 [FJR%score, EBHFRATT AT LA MO N5 1 DR AR B e 5 i ) o
B 102 Jah R & SRS Hh 45 SR 1 A 26 IR 0T L
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—— original
=== pred
10 1
E.
E_
4_

2017 2018 2019 2020 2021 2022

4.3 TSk

S 3o X A T gy ) 45 S (pred) A1 46 R A5 & (original )it DTW S [EARRE 4T, o] DAASSnFRATT 0 T &5 S
SERTE— MBI N AL TR . 40 DTW BERS R SULAES, FA10] LUE BITE K 2 50(2) 78. 57%) 1 [A]
A, BATLE 45 R S aT T 52br A48 (Hyndman, R. J., & Athanasopoulos, G., 2018)
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BIZE 113 JRlha AR & 5 AR gy Y 45 2R AK) DTW X R 5% & 73 A

—— original —— pred

10 1

MR 300 Bb5EF 500, M E Tt AR E(SOX) B [E G5 AR E,  BEBTT AN R I BT M e
—ANRBRTT S BB AR AT R A B R R R UAT WA R R, AT AN ARG B
B, BRG], RN SN BONE R AP BN A T . BN U B sk 5 1R HL T
AT I AT R T 07 1) A0 e Sk AR, AT ML SRR BEAT D A L4851 (B FHH IE K, 2022).

ASCENBARE . (FSE BRI GUEtE T AIZ D RSP BR, M T AT R U
B i AT T E SRR BT 7 b, YONFENON AT DR EF G HPC AT ML) 53U
BEMABUR S5 a5 BT B . MRS AT RS, Bl O EES 5ETAI LIRS BN AT B 5L
BAEES PRI AR A WAk T T R A E R AR F AR A AR B B [ AR Y AT DG
HPC AT LI ST F AR IR € 5] E
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