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(54) K2R IS JSR A IR T T Mo B

SR IRAH ST H TG B s b — R B oA B
JEFE, HAFHBEMPESSINFHERERSR A -
Hspot, W FERSE DN spot

101 Obtain two adjacent slices, wherein each slice comprises at
least one type of expression level matrixes, each expression level
matrix comprises spots of a plurality of pieces of spatiotemporal
transcriptomics expression level data, and each slice comprises at
least one type of spots
Respectively determine weights corresponding to the same
type of spots in each slice, wherein the same weight is assigned to
the same type of spots, and weights assigned to different types of
spots are different
103 According to the weights corresponding to each type of spots
and a preset regularization coefficient, respectively calculate
probability transition matrixes to obtain an alignment score of each
spot in the expression level matrix corresponding to each category
on the two slices

101

SHIEE SR H - R A spot A FIRRLEL, Trh,
Bl ARG spot PECARMMICE ., HARR I spot2H B
HOFZ AR

10z 102

MRANEEEE A spot b W I ALR B TR IENI{L R 4, Jr
B EE R, SRR LR R
A A PE AR spot B TR S 5L

103

1

(57) Abstract: The present disclosure provides a spatiotemporal transcriptomics slice alignment method and apparatus. The main
technical solution comprises: obtaining two adjacent slices, wherein each slice comprises at least one type of expression level matrixes,
and each expression level matrix comprises spots of a plurality of pieces of spatiotemporal transcriptomics expression level data;
respectively determining weights corresponding to the same type of spots in each slice, wherein the same weight is assigned to the
same type of spots, and weights assigned to different types of spots are different (102); and according to the weight corresponding to
each type of spots and a preset regularization coefficient, respectively calculating probability transition matrixes to obtain an alignment
score of each spot in the expression level matrix corresponding to each category on the two slices (103). Compared with the related art,
the same weight is assigned to the same type of spots in each slice, and the weights assigned to different types of spots are different,
so that the accuracy of the probability transition matrixes obtained on the basis of weight calculation is improved, and the accuracy of
alignment realized on the basis of the probability transition matrixes is thus improved.
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(57) $i%: RN TRt — R S H SR AU RO BCHE T R KO, B EROR T A RIS
F, BkUFasE - MRMKRERES, S8MRKEERH OS2/ 5 4R 0A 8 IR0 A5
spot; 7l A E B 5K Uy o F] — 26 AL B spot S L RUAREE, A1, [l — KA spot oy FLAR A FUAL L,  HANF]
AL [ spot 4y Bl AL B A [R] (102) 5 AR I 45— 252 spots 7 AL B Je L (E ML 24, & Al ok B A A8 fay
FEFE, R RIPIRYI R B2 B AR Ok B R TR spot IO AL E 23 £(103). SHHSCECRAALE, NE
KA A (Rl — 26 AL ¥ spot 43 L AR (R ROAL ., H AR 26 7 i spot 7 B RO AR, $2 s 1 2R TALE o 45
BIRORERELAL RO HERYE, BEfITR S TR TR AL IR i S OB HE RO HE A
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i EHSR AT A BT AR E

TR G

ERATTE RBHREBEARTE, LRI M =R RAT A EETERRE.

BR{AR

Z% M) B 3¢ 4H 2 6 ) ML = B #E ( Probabilistic Alignment of Spatial
Transcriptomics Experiments, PASTE) , &—/NXI3R EAHAREAH V) A I S AR
REHERA R (WBFR spot) , spot BEFPARRZHM, HiF] L3RR A4 M KN EEIT
B ALFRZEE AR LR H 0 MR SR n MR & FREER T X i 6
BEATECHE R BV .

% PASTE H ik —4 spot RAFHRAKNE, HEMANZREELET, &
HEBMRMEEENEBRRE TR S HLEMALRER.. TEEHZHETH.

KAARR

KAFRET —FN BHEFAV AR EEEE, B TRENGFEHEN R

WEBEAAFWE—THE, RET M BEFHY FWRETE, .

REFKAERT F, BRUVFBEREL—MHRBMREARIER, BMREBER
FREEGEAMNTHREBBIFERA S spot, BRI EEEED—PKHKE spot;

SAF SR R —KBE spot MMM E, HHF, FH—EEMK spot HHE
AH F AL

RIEFT IR —IKA spot XM KA E KB IENRE, 25 EBRAERERE,
BRBAWKT A EE—RAX M RIEEFE P EA spot FIECHE DT .

A ER, FEIREUFKMAYI 72/, Frid riieasE:

EEBEKMEY F FRATLER spot.

TG, Bl o AIHE B Y A R — 2B spot XML E A

TR R —REM spot, AR LK R IE B E spot JBEAT DA,
43 )15 B [F] 8 B X B2 1Y 2R 908 B4 B 5

THE G —RA spot FHIEFRBFHHK YA LHREEHEENIER, FREFRERE
WEE—RKE spot M MHINE.

ik, EXTTEKY A R —KEE spot, 2HI¥AT R RIEBIEELE spot
RBAT IR, SRIBREARREINREREEZR, TR TECEEE:

KU P RAERTEEGT SR, RESKIFPHEEER.
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Wk, FEMRERESMES KA spot NN EZT, FFRTERLHE:

BERK T T 6 B AR W BE B

VA P TR A B R B, W BT DK T R YO 5k B S R F) BE B M R AT R R AL 3

BEALCHENEBES D THRRBREERENEEE, R spot 4-7HI1E
FriR Wk V1 b i 3R ak B M 1) e X BB

B i AR 475 Fr ik BE B 1 5E 48— 2K B spot XL RIAL B AL HE

THELBT IR 55 28 BE B B A B IR 4E M R B TH B 45 R e 8 — K B spot X R E .

Wk, 7EPTRIRYE RS — KA spot XM E R R IENL RS, 20 E
MELHERE, BSEARKIAF LS KX MK REEERETED spot MEHEDH
ZJE, B atE:

BRITAMEAREE DD TIRRAENEE, JFFRITRADT & RERNEERR
BN O;

BB EREE TSR, RUTEEBAEMEREZM, BRFHEKI A
LB — RN R LB MR spot HIECHE T4

e, FTiRMRIERTIRE —RA spot XFRLANE R B IE NI RE, 75l B
R AE:

FETAFER R IERL RE, 20 B TH BT R R 2R AL S 56 R

MA R R LREEDERE-MRERELS SR TR BRENEEEREER
BRARBERERMAER

FOTH, TRE-MNTERERAV R EEE, SF:

I T, ATHREFERMESY S, 8K E820 —MRUKREEHRE,
BNREBEETEESEZNNBHREIERENA K spot, B Y LAEES—A
FKAH spot;

W, ATaMNeSR AR E—REK spot MR E, Hd, F—HK
B ) spot 43 BLAH R AL

BoHE TG, AT IR4EFTRE —KA spot XM ALE RS IENL RS, 25E
MEARERE, SRR L8 — 2RI B RIE B EA spot KIECHE S

WG, PR3 B s,

ShEE R TG, T ERENPI Sk AH AR V) 2 0, ZEB AV A AL B spot.

I, FRiRMESBIT, B

AR, AFXFEKYIAE P E—REE spot, 2 HPREX KR B EEE
spot RIEATINAL, 4315 B A R KB X B Rk B R ;

HEER, ATHHES R spot FHERBRKT A EHREEFRERER;

FmEEs, HTIREREEFHERS KA spot X MKE.

TG, BRIRHE ISR

R, BAFENTERIA P R—REE spot, 45HHREXTRLHRIE B AT
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# spot FBEATINA, 2R EIA FRBN MK REEEMEZEH, NEKI A HHIE
HAREEFETLIE, RESKIATHERER.

Tk, Bl E BTt B

BRI, HTERETREEHE®S KA spot M NANEZHT, ERATH
BCBE B A A BE B s

AbEEAER, BT TR A B R R, R BTIR K T R TR B S R B A BE R A AT
46 A #

FomESR, ATRHESALHESENERESMT IR IR ESRERERAE,
YERFTIR spot A AEFTRMKYI A ERRZBEGEHRLER;

RS —eEiEd, SATHERRRAESRHRE, REHAREGTESRH
EF—RE spot X M IALE

e, PR3 B,

ER BT, HTEREER TR FriRE—RKE spot Xf M HKIAUE & Bk IEN 4L
R, 2AFEBRARERE, SARKIAF LSRN PREEREEFEN
spot MIIEHED B2 Jn, EIRFTRBER M K /N T F i B E AL ;

WEBIT, ATRIRDTHRRERBEEREN 0;

BFTRERERERET R MR, RUFTEMREEELEZAN, BEAWNKY A
bR BRI B M A spot RIBCHEST 4.

ik, PrRE R ETE:

ETAFK BB IEN AL RE 20 3 B0 KRR AL H 48 R

AN [ 4 A0 28 A e o o v g B — A v A 4k 20 B0 T T 20 SRR B R R R LR AR
BRARIBEREM AR .

MB|EEAFHB=TH, RET —HETRE, BHE:

5FRES—MECEBEGEENEMES K,

IR SR TR E D — M EBPATHE S, RS E b —
MBI PAT, DMEFTRED —AMOHEBREREIATEIRE —HFHEAR KT

REAATFHRENGE, #A4Ee T —FEEETENIES O3RN T BT R 7%
B, H, BTt ENRE S A TETR T EN BT IR E — T TR K 75

MRIEAATTRELLE, RET —FHENESF™ R, BEHENER, gt
BN PG B ST I SEI AN TR 26 — 5 iR K 75 v

ARTTRAE—FN ZHFAV T &, KBPIKMEST R, SKUAFEF
EAO—MRUNELEBREE, BMERXEEETES S M THAREERIEIAML S
spot, BMKYIF EBEZED—NREK spot; AT KRI A HF-—REK spot
XFRHIALE, Hr, F—RRHK spot S EAHRIRIAE; WRHEFEE—RK spot Xf M
RIALE R IE N RE, 20 A R s R, BEIPIRTI A B8 — 0% MK
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RIEEFFEPEA spot WIEHESH. SHREARMLEL, RATFLHEIARKIFA
A —RAK spot FECHFRIKNE, BAARRKEUEK spot FEMNEANF, RETET
WETEAZNMREBE RN, BEMRE T 2 T B3 5 5 5% B SE LA B
HIHER 1

BL L ERAE, A Bl 9 A IR AR B 1E AR IR A 51 7 1Y) S 1) ) 5K 5 BREE AR
WA H TR A E L o A B I B R IE RGBT DA T B B AR A 5 A

Bt 1] i B
IEMTEFMEEETR, PARMNEAFHRE. K-
B 1 A A T SEHE B B 3R A i — b i 2 S e ) IR HE T B I TR s R
B 2 AARATFEHGI TR AR 7 — M SR FHT MR ETERRERR
s
B 3 AR AT TR B — RN 5 P R — KRR spot X M KL
HRERREREE;
B 4 AARTTSERGI RGN — i T HE AT NRERE RSN EE;
B 5 AR AT SEREGIRBLE 7 — i B R F AT A IR E RS R R E
B 6 AAATT LB RER =BT RER S EHEER.

PN WM

PATF 45 & B B A 22 JT g s 6 2 S 1 0 U B, D P B9 A 8 O SIS 491 ) %
M AB T HEM, MK EATASTUIERREER . Fi, ASURETERARN TN
IWIRB], ] DU IX BL 5 B Se 480t & R R B i, T A2 B A A JT #Y i B AN
B, FR, ATHERMEH, UTRERSEETXAMIEMNESHK R

THZHHE#MRAA T LK ZRZAN R ETELAKRE. BT7R&
MAAEN T

B 1 A AT SEHEBI BT iR AL I — P i B R A0 i W BC v T R R R R

w1 prw, ZTEREEUTSR:

BT 101, KMHAKMELET A, BRITAFESED—MRUNREIEERE, 8N
BEEETEE AN BHAREERE NS spot, KT LS EDS—PREM
spot.

FREUHRR, AP IEEEETRN T, HFERBMNER TRIKMAET F2ZE
RIECHE, TRE - RKEMAETELE Y, FEXNWKT A BITAWECHE, fln, FEHE
TR ERVIAE 65K, JRitHEKAT A 1 AMASKYI A 2 Z AKBCHE, ERAT
TR LAY R 2 MECHESS, SEEPATYI A 2 AT 3 Z AR BECHE, BT
A 3 AR YI A 4 Z M #E, REWATI R 4 MAESKT A 5 2. P ExR
BINURME T2 M ISR BB, 78 SERR B A Hhoer 0 Be viE R BB AN BEAT R €
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FERHANE, AR ELHEAMRNELBRHFEAESRLRERER, UMHEE
EHISEHE; kb, HTEMANTMBERNEE, 2RI spot EAEMLIES R
BREBERSR. TR spot BER] AR, WA PARRFH MR /DEER . A
TTRZE® A AR BRI n AN R RS n AN AU R IE AT X 45 .

BB 102, A EEKY AT E—REE spot MMKNE, Hi, F—REK
spot 43 BCAH [F] AL EE .

AHELHE F, S FMERZREY spot EAHRIMAEME, ZERRTZEEAE
—kYI A ERREEMES K ERREENAHLE, HEMELAR, WEAE
K, HEUZE N, NEEBAD.

HHERBRBMAN, TTESE 101 FRAZBEAIRRERBERBLE RS
. AREREENHEE, AR FLHEFAERAFHITER. PEK 103, REMRE
—2RA spot XM E R IENRE, 400 EMRERERE, FIAFHKIA
LRI B R A B R spot HIBCHE ST H.

REAGEEEERE, EATERERIANT B3LASHH: EiET, &
ERREAERRANAR R IENA RS, 25t EMBARERE, 5 3HX MK
HERESH .. ERBEFHLEFERESSIHEN ENCREE, GHEERE> BE
RIRERALHFERE, EARKY R b —R0% MK REBEETEAN spot KIECHEST
.

EAFRBE—FIN ZERHAY AT, KRFHKMES S, SKIAFEE
BH-MRUMRERER, BIMNREEEMETEE 2NN THREBIIE WA
spot, MKV EAERDS—NREK spot; FRIFEFKI T HE—KEK spot
XTRLRIAE, i, [F—RBK spot SEAHRKNE, HAFEEKEK spot 4 A KA
BEAFE; WME\HAAE—XA spot WNHFNELTRZENILRE, 257 EMELR
Mg, BAWMKUR LB —RHMMNAREELEEHED spot MRAES . SHK
EARME, XAFELHFAERYI A E—REE spot FEAHARKNE, BARZK
BH spot SEHMNEARFE, R\ TETHNETEFINOMBEBEER AR, 2
TR T 7 & T 100 3 5 1 4 [ i S 0L ) Tc M o e

A HIE LR RS — M T EFAEYT R T ERIRESEE.

mE 2 i, iR EBEaE:

B 201, HEFHRMHBY A HRAILER spot.

A BT SE A PN T R R AL E K spot REKRIE. BHARZXERENR, R
fE— R EHILK spot BEAT R, BIEHBONERE, TIRBREMEERTHE.

HER 202, REBRMBT A, BRKUAFREEL—FMRUKNREEEMR, MK
REEEFEE 2N THREERIENAMA spot, Bk EAEEDS-ANREE
spot;

BRI 202 WS WA ER 101 KTEH T
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R 203, AR A FE—REE spot MK E, Hb, F—REK
spot 4 ECAH F AL E, HAFREE spot 2+ BE KA E AR [

RN K Y A PR — 8B spot XN HIARER, (T RLRAEARRTUAT AR,
wmE 3 prn, B

IR 2031, M@KV A THRIERLRFETLE, REGKIF TR SRER.

XfT spot HEFREEMEM, GBNARERTER, ERESRERNHEMER.
HEWETHRWIERZZEEN TIHHE spot BEARYF LHEMUERZ N, E5815H
SERTER.

RNTETHNERERSITER, =~F%R, XX E, —3LHRT 10000 A4
FHEE, RFRRXEERE LERKTED spot b, BMEREEHEHRT 20%,
H, ZEFREEESERITERET spot M, FIBSET 10000, Ak mTEER,
W (D N, (2 HEBANMERNEZE, 3 FRHFREX=PE.
B, DA z-score iR AR N Airdith: ERERREBERE L, &7, HHEET
FHIFFERFENGREE, MRS IR EZFHE, BRUZGHEE; 8
— TR, MER TSR (1), EEZEENERKEES; 25, ST
X 10000 NERF, HHEEBNMEEKS ERMRERERTE, EARERKTE, #ix
BT 28 (2) 5 &5, XTiX 10000 MEF, R (2) WHEBKGTZ¥BEAT#TM
REPHHEF, RHZ2ETHETD, B3 THERERH. X 10000 MERES, N
mRERE, M ESRER. BENMAZIESE TN EEART 10, 20, 50, 100,
200, 500 &%, A& HFEMHFIN REHENUIRE.

B 2032, X FEHKT A FE KR spot, 2 FEX R RERBEEAE spot
RIEEATIA, 535048 BIA B K BN B2 ) 2R & B 5 R ;

MKV LB —K spot, BHRABEFEEIEE spot SHATIMM, B3 BEA
spot K, NEAZFRMREERE.

NE—KU A ERE—K spot, NBIFWREEFEEHTIHBE—M, IEEHIHK
IR, B8 i AR IRAL S IR EAS —, AR FE spot 2% spot
HEBE AL —, FriEREEA spot RRIEBREMEAER —RE LK M.

ABIER, BEHE 4/ spot /&, spot mIEW: 1RF 28 (FHME—) ,
3ANEMRK ab,e: Giit 1 R ERFA spot, BILRIET ED> a A, &t 1K EH
B spot, BILRIET 2D b EEH, Gl 1 B ERFHA spot, BIRETED ¢
FHE, Fit 2 K ERFHEA spot, SHRE T D a HEH, Giit 2 K EFFHEA spot,
MIERETZ0 b EH, 4ith 2 B LEBHFHA spot, BIERET L c HHA,

EPATIH— AL BN, X EUE— X spot R FRIX B HAT BN /],
AT A AR AR RNV e /B I B ik, Bl D -BR A — 455, BRI A RE
SE 0 % AN AT R 52

IR 2033, IHHEE—RE spot AHAEMRBRF KT LHRIABEMENER, HE
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TRA T PR FE B A R BE A

THHEE—K spot AWK A LRREBEENES, BEEBEREHKI A L
Xt spot MIBEBIME . ZEE A SHEART KL BUFHEE. BRAERE. {KEMAUE, £
H-FRIEE (Jensen—-Shannon, JS) FEE, sHEMMEEMEELR.

AR, ARV RRNERFINRINEGEE, RETHRNSER.: g
—5kVIF, Ha, b®E spot, BZKYIF, H a,b,c =% spot, WABELKIE—K
TWAK a MBI A aEERE, EA T E KA bME KA b KRR,
MARELAIT c HIEH.

HIR 2034, AABURAAER S, PR KT Frid i BE B B8 1Y BE B fE 21T R 48
M, BEALHENEBES D THAMRESRENEEE, ERAR spot 4
MEFRBHEKY A ERREEEERRAER.

¥ & spot RHEEELT IR RKE (B0 logistic REO MALE, HEH
R RS ANERE, RRRB/ADNERME, WMfE TSR ETTEERR
RHAF/PIEEE spot K, BINELEKE spot RZFHEBMEER, EXNEAEE
HEN spot REFERARNESA; logistic BREW T i

. 1
disiogistic = (73 o-rvamy - 0-5

TEHENE, FHRLAERERT L logistic B, BATUREASEHE
[R, +oo) VEF ABEMAI R (HP R REWERER—-NMDNTIELTHESR, +oRR
IEXST) » Blmxr Bk BsE: BAKK, A0 JT St nf A R %€ -

A IR 2035, THE TR B 4 BE B M AR B, ARIEAH R BT B4 R E S —RE spot
Xof B A o

BETPER 2034 MEBRFERETHEHEARE, BENE, FRNERBERNMENO
Ja, HEMUERUMENENN. SBEWTF:

weight = —1 % disjggistic

weight = weight — min(weight)

weight = weight / Zweight

FIR 204, WRFEFTRE— KR spot XA E KRB IEM R ¥, 25T+ BB
fREERE, BRAWKY A LS8 —RKAN K REBE TR spot KACHES .

ETARBMMBIENA RS, 700 EX KSR ARERE, WA EBERER
TR b G B — AR M Bom T T B BB MR R R R AR A I A R AR AR R

SFEHEA A, Bk, HE Me C, CHERE: MoBERERHFHIRRF N EE
P spot KIRBBALM, CAERPEFENREATHERNFRAIDPE-RFRERZ
RIREER, CERFHFHENEMTIHENMAITE ZAHE RZERER.

MNFEHERF R, B, HHE Mo, C M, CGHEME, a HE, b ME: M
MR AAERRT A ZEERHEA spot FMREEMBAE, CHEEPHFAENERT
HMWAERE—RNFESZRNER, CEMTEENRERATIHENHFFE-R

7
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WATE RZ K EER, a, b M E 2 A8 B2, Xk Y1 A B 5 48 B xd B2 AL E .
$RJ5 , PASTE B4 I 1) FusedGromov—-Wasserstein fRH) OT B, 24k#E LA A
HEEAME, UDER—NMEEMIEN RS alpha (AR EREZEHEBRUMNREER
BEHERMRBHIRELSD , ERMTHEEREMERE. LRERE, MEMNRYK
5 GRNBWMASH . 7£ PASTE Bk, AP RERE— alpha 5, RJ5 0T HELK
WizEEE, #THE. BRERZE, ZEEDFENEEETRE. XRRFUR
MR REE T HER. REHGHHET X kR.
T EBREMAEREN, WRERAEARER T T, flin. HzsREnsE
R T )RR B — MR AL A B R B T R, BRI B AR RS, MAR% M. B
10 tERECN:

FEW sl = min B (M O 0w (1)

rﬁii}'{hgj}
where
Fo{Man O Oy my= —add 'r""flr e {0 T g w, *T}
= Z {1 —oddlas 30+ R — 050 Iy et

R

LIRFAMN:

o
FH Y e By o THITEOL - i . .
Hhoi={m e BV 50 S my =10, m, =)
—

A=l =

L EBIASEF, ModEREXT AR M, CEEFEST AR FH C, CHREXT L
15 AAFPHCy a AEXNNMAXFHK b, b HENMNAXFH g.
BRI % RJS, ) Fused Gromov Wasserstein )4k fhh BE Bk 4T
KiF. RBHREWT:

Adgorithm § Confitonal Cowdiont 00G for W
T 5

. 7 & = i‘;
T end for

Abrorithmy 2 Lineeseareh fr (G g =20

g, {0 ot ab, 20d

(_;2\.?:"'« }
4; =
5 a0 then ‘
& P mn{omasdl, 220
A nise_ ]
B rredifa+ b < Deler =
9 el i
A
20 H, Eq. (DA:
NS R :‘ft};\-‘ff'; g P RGLES O R
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A
Eq. (6) 4:
7 = argmin vec{m)! Qlavee(mivee e Y vectm)
rdifh, g}
R,
& = =200, G Cyand Dia) = {1 — a)Man

ERMASEAR, MoTEREXTRLA R Mo, CAEREXT M AR H M Ciy Co 50 FEXT B
ARXHHICy a MEXNMARPH vy b HENMARXFTH vy

b, ARFEEERE, KRELHEASIANT BMLESHE . £itET, &
ERRKA TR, AR EN RS, 257 EMREmMER, HE2HY M
MR . ERMEATHEAESSHERNENICRY)E, SRR ES B
mEBERARERE, EATHESR.

BB 205, ERPTBBERALHE M BN T P BRI, R ATl /T T v
ERBRREN 0.

AP BREIRAMBLREENEAHETE, FoRERTHRRENTRE (B
) g—RENO,

P AR I TH R T EI T

thresh = min(pi[pi > 0]) + (max(pi) - min(pi[pi > 0])) /10

SERRM A, WA R BT E BN, MuRERNTHEART LETHE;
MA AR BRAHBMBERENT 2 HIEARESE. BRT XN HURER T ES, HE
KA AT, XA spot FEMBALRMAELE R P RRN S ZEXT K spot MK HE AL
AT RE, RE spot LEBMEBHIR, EEBIOMRESE.

SR 206, RprdMRAREETRESMEER, RUFRBEREREGEZM, 7
BRI B — R M R EFE R A spot BIEL#ESH.

EERHNZHERAT OB EAENN, AR\ERE —MNZERAT
MBS E . BT AR RS E S5 bR K77k S B A R, T 5 B Sk 6
HARBEENAT TSR ERK T ELES, ARAPAFHITER.

B 4 AAAFF EHEHR UK — i ZHRAT R NREEENSHREE, mE
4 s, B

RELETT 41, A TIRBFEHKELTF, BRI B EL RN REEERE,
BAREEFEHEFEZ NN THREEBLZIENALA spot, BRI LEEED—A
RKAIH spot;

WERTT 42, AT oA SKI A P R—REK spot XM E, Ko, FH
—REIH spot SEMEFAKMNE, HAFRREK spot 4 HHINERNFHE;

BovE B TT 43, FTARIEFTId M —3REL spot X I E KBt IE ML 2%, 251
THREBRERER, BAMWKI A L8 RAX N K REBEEEHEA spot KIBLHE
i &
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EATRE N ZHERA A WREEE, RNFEKASTS, K88
EL—MRENRERERE, BIMREEFEETELE 2N ZHARIERENALR
spot, ®KUIF EBEEDL—DREN spot; 7rHlHEFKI P FR—REK spot
XM HIALE, Hr, F—RAK spot SEAHFIKNE, HAFZREK spot 2B HI
EAFE; MRS —RE spot WM ELTREN R, 20 EMEAH
B, BREWKIA LSRR NAREEFEE TS spot WEES . GHX
BARMEL, RATFLHH KT FE—REK spot SEHFRKKE, BAREK
B spot ZHHINEAF, R\ TETHNEITEBIOBMREBERL O AR, Bt
T2 1 1 2 T 8% 3 % 7 e S O O B v D 7R R 42

FEALHHK—%G g, Wl b iR, FFREERaE:

MEEIT 44, ATERBMKMBI R Z80, EEPEKMASTR HPRAFLER
spot.

EARLEF—EERF, WE 5 R, IdfEsT 42, A

AR 421, FTXTEKI A FE—REK spot, 73 AR XM KR & ERE M
W spot MEEATINM, 2 BB 2| A FISRE XS M ) R B B FERE

THERER 422, T E S — KA spot 4 HAFTRBRH KT A ERRE BRI
B

FBHERI 423, ATREMBIEEHEEET—RE spot W MK E.
EARLHHK—EE R, WE bR, FTRBEST 42 EEHE:

UK 424, A TEXNTEKI A P FE-—REK spot, AKX KR IEEFE
FeifE spot KEATINA, 2B RIA FREIN N KRB R ZET, XK P
MAEmRR R BT I, RESKIIFPHERER.

EARLHEHK— 85, mE 5 R, FridfeEs 42 E8%5%.

B 425, HTEMREFTARE HH 8 —RE spot M MHMELZH, BERK
T BE B R E I BE B

AbEAELR 426, M T RATBACE RS, R FTR KT Brid 50 BE %5 BB H BE B M
BEAT 45 b 3

BB 427, ATHREHFLAEEHEBES DN TR MRESRENER
B, 1ERNFTR spot 2 BIFEFTIR K TI LRI RSB MK R & B ;

RSB — Wk 423, B TIHETRRAER MR, RE\EMREGHES
RHfi e B —RE spot X MHIE,

EALHHK— 84, WE 5 fiR, FREETasE:

EIR AT 45, A TR AR IT 44 RIE iR G — KA spot XM AIAE R Hi B
IEAERE, 2B ERARERE, BRPKT ) L8R RIX N R & B 5+
B spot WECHEDS B LG, EIRATIRBEZRALHAE M b /D T B A HE R

WHEBIT 46, ATHFR/DTHRBRERNEERER 0;

10
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IR BARERE TS MEER, BRUMBRMEAMESEZHN, BRABKT A
KRN N RIE B A spot IELHED B .

HEALEFK—2FRF, WE 5 FR, RS T 4 a85.

ETAFTBIEN L RE 450 THFX LI RE 2R A% S 56 B

AR 5] B9 MR 256 A 6 0 G v ae B — N ME TR IR 20 B T TR 40 2500 L PO R 2R 6 B 1
KRB AR

FEUHAKE, RN FELEA AR, BERTALERAMNEE, R
ME, ASZHEH AR E .

WRI\EEATFHILHSE, ZAFERMET —FBEFRE, —FERAEN TN —F
HEHEF =5

B 6 7~ T AT PR SR S A 2 F 6 S2 e 5] PRI R B T 10 % 500 IR R HERERE .
FREBERRNEHRERNHEAITEN, En, B EREN. &0 T/EE.
MNBFHE, RSB TTHRNREHE. RBETEN. AIXEESNITTEN. BF&
BEVURSEMERNBSIEE, B, MAEFLE. BEHEIE. FEaiE. 7
FRE AT RURNTHERE . ZXFRPIESE. ENREERXR. UREMR
DI AU E AR B, FHABERBIASCHH#HRIA/HEERWAEAFFHILHR.

mE 6 fin, W& 500 AFETHE BT 501, HWURIEZMAE ROM (Read-Only
Memory, RIEfFMESE) 502 FHIIHENIE FEE N 55T 508 M E] RAM (Random
Access Memory, BEALVFE/FEERFEAEES) 503 I ENBERE, RPITEFE LK)
ERALBE . 7E RAM 503 o, W24 %& 500 BAET B EMBEF B . HHEHT
501. ROM 502 A& RAM 503 3@ 1 i 28 504 9% b AHE . 1/0 (Input/Output, ¥ N/HiH)
N 505 MIERER KL 504,

W4 500 PRIZAEMEREZE 1/0 0 505, A% MBI 506, .
BAREE; #M BT 507, Pl RRKEREE. HFERE; FM%T 508, Hlne
. B DAKIEGHIG 509, FlaME. REIRIASR. BLBGKRRIE. BEfE
BG 509 MRVFH & 500 I i R4 Y B T BLAL X 4% A1/ B A% R B S X 48 45 S Atk i &
RS BB

THE T 501 FI LR &M RA AEMTEEAWERM/SREHAEASF. H
BT 501 ) — LR A 5B AR T CPU(Central Processing Unit, i sRACERBA ) |
GPU (Graphic Processing Units, EEAHEEIL) « ZFERHK AT (Artificial
Intelligence, ATHE) tFEEHF. SMHESTHBRZIEBEERITHE S, DSP

(Digital Signal Processor, ¥ Z 5 5 AbTEEE) . DA RALME LA HE . HHI2.
B, THEHIT 501 34T L UFTHR S ARG E, Bl SR AT
MBS HE T . BN, 76-—Leseifldh, I 22se ) A IRme v J7 vE v A S BN T L
RUHEF, REARa S TS TN E, FlnfFesaoc 508, E— Wi+,
LR B34y B #4237 DALt ROM 502 /5838 (5 B 7T 509 i #k s\ FN /58 22 3%

11
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A 500 £, LIFEHEFINERE RAM 503 3 d1iH 5L 85T 501 $ATRE, AT RABAT B
XHRRTERN—NREAN PR, Lk, EHMEHEHH, THE BT 501 7] BLET
HAMEME LKA (B, EETEA) M EARATIRN BT A
T

A LA RAMBARK S P LT AT U FHRTHERSE. £HE
B &4 . FPGA (Field Programmable Gate Array, I W42 TFES] ) . ASIC

(Application—Specific Integrated Circuit, & PR HE) « ASSP (Application
Specific Standard Product, EF##F=M) - SOC (System On Chip, &H ERAK
K1 &%) . CPLD (Complex Programmable Logic Device, BV REZHEITL)

TREAES. B A F/SREfINAESPseil. XX Fsey A LaFE:

ERHE—NREZEZMTEIEFD, Z—MREZMTENEFATERFERZDS -
MELEBRNRERE AT/, ZRELES UL LHEEEH
IS, TUNFMARG. 20— PMRaARE. MED a3 E SkcEE
S, FARBENELEREZFEHERE., Z2Z2P—TMAAEER. IZES -8
HEE.

AT EHEAAFRTEREFAETURH - MRENMREE S WEMAEK
e . XEEFAETDERMESERTHEN. THITEVSHEM RERE O HEREE
AL P A3 BRI | 2%, (18 FE B AQAD 2 by 4 3 25 B 3E 1) 35 P AT B8 S S AN/ BRUAE B
Bl & B Th Bt/ B AE S5 i - 72 P RIS ] LSS 2 7ENL A8 AT . SR e ML 4% L3047,
B LR A0 5 3 s ZE L 28 £ AT BB 4 i ZEm R L A8 E AT B SE & FE m LA
R %2 EPAT .

EARANTH ETFXH, PLBEFEMNMEFTARF RN R, HTE A B4 Dt
HAWITRE . RENREMARSHELIITARE . RENRELLESHMEANER.
PUES BT 82 1 B AR A8 °T 3215 5 o B L 8% P A A2 A B - M8 v T A 4R
BEARFEFHR. BER. BZER. BB, 440, RPEFERE. BEREL,
RELRARNEMEEHE. IS RFEEMRENERGRASBEET I HZ
AR I A GER: (EE A S HLA 8 AL .RAMLROM.EPROM(Electrically Programmable
Read-Only-Memory, P #ERR W R fE R L7528 ) BRI IN A 6B 2% . S 4F. CD-ROM (Compact
Disc Read-Only Memory, fE#EXEE M R BEAMER) BB FERE . WEFRE.
RN EBABFREFNEEHE .

RNTRESHFAWAE, 7 ETHEN SRt AR REMEAR, &iHEH
Bf: ATHAFPERGEEREREER (B, CRT (Cathode—Ray Tube, BA#HT£R
&) B LCD (LiquidCrystal Display, #WfmEanay) WALAR) ; DR F
B (Flw, RAREESZEE , BT LET ZERS MR mEERE MRS T
Hil. HEMAREECTUATRUESHIANZE; flin, REetsHF RSB
RAMBEARERRSR (B, MRERE. WiERE. SE s x5 o FETRLA

12
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AR (BEERA. EEMASE . EHN) REBESCKEH A H#A.

A DL AL HR M RA R BARLHERIEE BN IFERE (Hlan, 1ERAEEE
k%A% « BREAFEFMARARTERSE (B, NARSS) . BE SRR
HRTTHE RS (Flan, RAERH- A HeE WX DR HEL, B UE
SZEEAS AESE ZNEN R RSB REMBEARN LT AZE) |
HERFEXMEEHM4. PRt SE S ERETAERitE RS . AT
B AR A ERE R L ERE S (B, SRS Rk RE B ELES.
JEAE M%) 2~ B .55 : LAN (Local Area Network, &8 ) . WAN (Wide Area Network,
JTEMD . EERMAX PR 4% .

EHNRGT LARER P mARSS. B/ RE S — BT B85t L8 E
EEMEFITRE . B EANME T EN EETH AR RA R P E-RG SRR
M ENEFR=ERZ P RAREFBHRE. REFJTUREMRESR, XKAIBTE
% B[R EN, RTHERSERPH—IEH =0, UL THEAEWEEHE VPS
R4 (“Virtual Private Server”, BERfEi#R”VPS”) W, HEMBTHEMBE KX, LFT
RS RIERE . RE BRI UASMTRNRLEN RS S, REREES T XIEN RS S

He, BREVWUHARE, ALEREMFAMATHENREBA KL B4aSENE R
T (nEd. HEEL BE. SRS KR, REEAERENEAR WA REEHE
BAR. ATHEHBEBEAERA—RABENERE. TAATERER. =iHE. 20XF
i REELAHZIER; ATEREABEARZEARETENMEER . BFRANBA.
HARAESOHEBEARENBED/EREREY . REBELEER. MREEEARE/LK
71

Mz, WUMEH ERERRSMERRRE, EHHdFE. MnsBkPZR.
Blhn, AT LB & P B AT LI AT B AT o W] DU H PG4T 0T BLAS 7] B Ok P 3k
17, RERBEUAXITFATFHEART RITHERGE R, KA HEITIRY .

ER BRGNS A A TR VE B B BR . ARPRE AN 7 M % 9
R, BERITERMAMBEER, TTRAHETEMBR. 46, FTHEAER. £
ERATFHREMAEN 2 AFrER BN, SRSHRMEFESE, HNEEFELRLFRY
WGEZH.
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A B R

Lo — i S H V) B RCAE T v, KRR T, A4

SR RARE Y v, BRI OS 2D —MEMREERE, )KREE
TR B & 2 AN SR E R 1AL 5 spot, BK DI LELEEAD— A spot;

S R E AR IR IR ) — 2R B spot AP AOACEE, Hodr, 28R spot
P AR [ A B

R s P ik & — KR spot XF B HYBUE K It I W46 S50, 2000 TH BN 4% 4 4R
e, /RIPIRTIT B 2K N R R L B EA spot BIRCHE 740

2. RIEACRIE R | PRk 774, HAEREE T, E3RBPRAA LY 2 af, Br
IR LB

Z B FRA B A FLE AT spot.

UM ER | PRk 7, HAEFIEE T, iR 5 mlsfh e sk ) [\ —
KA spot K B YA E L7

TRy R 2R spot, 73 KRS BARIA BRI spot s HEAT N
A, 43 A B A [F B R I Rk AR

THER— KM spot 2 HIAEFTIAR P KT T ARG ERRE AR, IR Frid
VB A o B — 2K spot X R RLE .

4 RFBEBBANER 3 iRk, HAMEAE T, N T U [l— 288 1
spot, 73 AKX B2 R R A AR I spot U BEATIIANT, 23 70145 2 A R 28 AU N fr 3Rk
B AT, AR T VRIS

XTI AR AR R AT 0E, R R R .

5. RIEACRNE R 3 Frik s, HAFIEE T, EREFTARESH e KL
spot XJ N HIBUE LB, IR 77 Ve 0 4 -

A PR T T R B R 1) R

A T AL e R, R BT RR KT B I e R ) R AT S g A

B RS8R S N T IR TR & B MR E A, (E TR spot
S AR FT IR PR K U) R L IR 2 08 2 R I 1) o £ B 2

JT I AR e i SR B 4 5 B 2T spot X B A AL ER L

TH 5 B i B 4 BE B WA S B, AR s A S Bt S 45 R S R spot XK
R .

6. IRIEAA R 1-5 FHE— BRIy %, HAALAE T, EPTRRE ik &
— KA spot W R PR K v IE WA A2 E o il S SR A A I, 15 B KT
A B MR A = A spot WECHE D2 5, Pk it a4

7 A3 T 3R N 23 A B B o /T T R AR, DR Bk N T A R A AR
ERENO;
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W B IR ZE AR i AR M R VR, BR DU SR R A e e A, S RIPK
DI R B4 — 25005 B 1y R B 2 5 R A spot HUECHE 5.

TR ESR 6 BTy, HAMEET, iR prids —2K8 spot
Xif PR B R TRV IE Uk R, 4 Tl B MR A i R AL

BT AR TS WAL R, 4350 TF SO0 B2 04 A e 1 i o e

INAN [ 1) AR 6 A R O v 3 3 — S v A M 20 0 v 1 TG 0 50 1 1) AR S B
1 R B 44 (MR- A a0 40

8. —Fhi EHEFAY)  ECHELRE E, HEMEET, B

SR TT, H TR TKARS ), Bk a8 20— FR MR IE &I
M, BANRAEEEPEESZ NN SHRERRERIRNM S spot, KD LASE
b — T spot;

ThE s, T4 0 &k ) i [ — 2R 8 spot AT EALE, Hdr, [A
— 281 spot 2Bl Al AN 5

Be Uk BT, F T IR IE PRIk 4G — 288 spot % B B9 AR J T80 E WAk 2%, 43 5
THE R AL R R, 15 B P k V) v BB — 2R M R A B AR BE B A spot VTR
4.

9. — M TR, HREMEET, B3

AR, UK

LTk 2 b — AN b B A3 (5 E R RS Hoh,

FTIR A7 i 2 AP W T IR & 0 — N B2 RAT 98 4, Fiikds S H ik =
DAL BR AT, DA AT IR 2 D — AN AR 3R BE W AT BRI SR 1-7 W T — T BT
R

10. —FAEAEA THENLTE & WAEBR I UF B VLTS E i A i, HAFIEE T, ik
THEAUEE A H T Tl tE L AT AR 4 BRI EE SR 1-7 W T — AT IR 1 7 vk

15
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SRELPN AR ARV B, Bk A A& /b — R R B
RFE, HARIABEMPEE SN SHRE B AL -
Mspot, BKPIH EEGE DM spot

¥

S kY AR R B spot A M AL EE, HheR, | 102

) — 2B i spot 43 Bo A [ A4, HORREIZEAL (I spot
fEA B2 AN 4]

¥
4‘&?’/@"%‘@’Q%ﬁ}ﬂspotﬂﬁﬁFl‘ﬂrﬁ(ii&?ﬁﬁﬂfmﬂ%%ﬁa 3 403
BTSRRI, [RIRYIT BRI MR

5 B FE B spot S HE 7 20

A1

EHFTHALRY b R FE A M spot =

¥

SREUH ALY, BRI ABESEL—MARBNRAE 202

Mk, BNMREEEMREPESEMNEHREESHEML
mMspot, Bkl F EAEEDS—PHEB K spot

¥
S I PR R M spo Ui B BUE, B, g
[ — KA W spot M ECHFIIALE, HAFZREFspotsric
FIREAF

¥
RIEPTIR G —R B spot RN ERTRENLREL 77 50
AR RN, BRBKIA LR RME
EEH A spot M ECHED 4K

¥
EIRFTABERACHE N T i RERSER, JPRATE 205
N FIBEME R R E N0

¥

R e R R AR, BRUPTEBERAEE 50

fEZ M, BEFERIAF EE—RFNNHREREEFE
AN spot G #E

K 2
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AR A AR AR R AT IE, DREEERIRTD A AT 2031
AL :

k:
XTI M spot, AP BINRSEDE
KW spot AT IR, 405 B KD R R A R

41

3
VRS M spot P ATEFTRPIIR Y] Fr ERIRIEBAIER 2033
RS, JFFE R T TR S AR B A

A PR A R, 8 AT BT R 28 R M (e B

AT IRAR AT 4 TR A ER S (R B i 5/ T kw2934

S B B AR B, VRN TR spot 4 BITE IR Wik U A b
Ak BB M R R B

Y
TR B AR R AR, IR RO AR E R 2035
— A spot X AL E

K 3

it A e s A D) OB e
T BRI

‘\ — s 3/”" 43
2 iR TS

4
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