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25 B Y%

BT ®Z, Rz,
Enable people to follow the way, without them having to understand [ the internals
of ] it.
—3L-F (Confucius) ,551-479 BCE
R g SRR,
At the heart of computational thinking is abstraction.

—— M RHEFE - FE(Alfred Aho) 5 KW E « & R Z (Jeffrey Ullman) ,2022

HEHR A SR A B W 2T R R G haafr. A 4 FUFR B BCE AT BRAR
TR SRR A R RS E O T R A AR LR K O SE PR as AT R R K 4
ER . WAt Ul R B AT S PR . REELEW M P TR VARG RS
BeE B AR B O 2R IR Carchitect) .

G (systems thinking) i 2 0 2. 1B & G IERE G A R, TEHITIT
FdAE . WA MU R G R A BT e T b M E SORME TSR AR R R L B
R RS ZAZ R T IS i i . BRSO BT i R G ak 1, B SE B 1 15
SNSRI RE i E

ArRE N — R ET PRGOS R o T 3 M. A
M EBER T B AR R T A AR e R R T ORE AR R X S RS
AR 0] 2 T — A TRl s e T DA R T B0 N PR 22 )2 5O iRy T BB SR 4
A

- = b2= an liy
5.1 %éjﬁ,ﬁ[éﬁ“bﬂ,

fta 27507 MPMEIEE. REMNSIHEI., TL2mmpIEE. tEREE -1
& (platform) , & FZ 4L 3 Fhfk

(1) FRAETTIR . Ir S5 A 110502 2 00 PRA T B A A 14 L A1 8OO R R

(2) $EAEE2 0, S F P SR AT R Rl A R Y I 3 R R (R R )

(3) HSEHAT . KR T 40l R GRS B () 20 TR T 51 LU ARG E R AT B — 2D R

ROJETHABIR TS R R 0 S R R R B DRI, O AN T 5
HLVEIEATH AL B B THUE RGE WUE XA A N R B W R G, K o P AT DAAE
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15 EIF & & T & AR NIRRT

W BT — A R G A B AT T B AR AR ST W7 FRATT AT LD e 4 g i i A 3
Ja78: [ The computer] repeats back exactly what I tell it, A& VFITEHLEA 4 WAL
A H RN,k B AL S AT AR ge ., AaE A AR P R A VR S AL A
2o B FRATHR AR 3 S HAR.

(1) JEZI 1% (being thorough) . J& 2175 & S8 $h AT 1Y BT AT Al BE R I 137 5 RT3
RE R TE A AT B . R R B A . W g AR R R A AR TR (H R
GEAAAT R AR IS A P ) (BEAL) B3R 8 7™ A S DR 25 RABAVE S I 45 SR RO
VS b ] N

(2) Z{K% (being systematic), REBYEFH - N RAEEK  H—-EXR - E KL
e T 0 5 5 AN J2& B 3 5 X — > JE BIE B HE ) 0 RGeSk 2 5 HERD) | B AL
A7 A A B A R G H 1 B E RAEAE R . NS IS Z 8] Y Ay 4 AN AT RE L
K BE RN Y Al BRSO R AT,

(3) Rz %E Z4 1% (coping with complexity) . R H 25— 5 fl— & R G, 6 404
BRGE . RE LMD RE. DABETHRERESBRIER GERAGH I ZES,
73 RGE FERRAR BN BT TR I E e B IR . AR, NS VR
AL HR T BE SRR I A%, RG] .

AR SE I RAL s b A BT S 150 B R B0 R AR X A A 3 S HAR L A H
PR RGBT RN Al B e 5 3 D ARG E S, X
3AE R ARG YA R A B AR . G R AR B B S TSR T H R AN S

5.1.1 FA3E

YR R G JR B M 75 iR i AR A AR T 0 i B o AT BT AT AT BB L B AR
— A (o) B B — A OR 3 B9 AR 1 B0, PR T 530 5 % 9 IE A 0T sl B . RGEAh g
AE 20 BERY AT . AT WA 1] 5 JR s JA B 1 vy LA 5L

1LEXRFAAERAS T

(261 5.1) EREBETEVN T EEE .,

YT AL A R R R T AL, AR DR e T AL R R A — A kL TR
1% BB PO B AL S A 10 234 1000 5, Hodp A & R . & 17 MR R i,
SRR 22 3 1Y T 5 UL AT B9 g D F A 32 5 4L (floating-point operations per second.,
FLOPS), {HJ& , YT E AL AT T F 07 0 AR e, WP o 2 Mgl i T WE 7 BN RE TR X
TH IR 330 BT b0 g R s 3 AT — i S 2

BB HAT AL X T — Fh 5 72 F £ (benchmarks) MK 7 3%, 33X F0 BE B 19 & 4t J8 4
g 5.1 Frs, BoRAALE 4 DT 0 SEERR P 4 BRI — 5 B T LR N R
P 1 1000 £, ERTHENEEBORER AT,

(D FEERE, HHRGEAFER IR R (ocality) . B 8 /5 # 1% (temporal
locality) J& 48 X B $A 4T 19 8 4 B BCHE 76 A A B9 5 Ol AR AT BE 23 i A o fii . 25 (8] Ry B 1k
(spatial locality) f&$8 {8 40 i+ 58 ML A FH A~ btk (%) 48 4 sl 8088  AH 48 Hb bk ) 48 4 5l 55040 R mT
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REW s B Al ] . TR B 5 a2 DA OC

(2) mEaE, K 5.1 Frammy 4 M7 S0 (corner cases) fE R MBI H . A4
BT R B AR ? X 4 A BEUERR P AR 1 OC T I ) Jay FR A A A3 ) Sy R Y 4
AL ATE B . D Linpack B2 5 B9 B [0] J5 35505 A1 2s [a] J5 35 1 Wi 2 #0 5 @ RandomAccess 2 F
B B[] Jy 350 4 A o [R] Jmy 3 1k R B AR A s O FET 2 % 69 B [0] Jy 3k v i =5 1) Jm dk Pl s @
PTRAN 2 )3 1) i [] Jay &8 PE AR 7 25 (0] Jay &80k 5 o At ol T 05 A i F AR )3 9 Jmy 3B A7 R i
AL T 3% I 35 B A 7 HE B

=]
* *
I FFT Linpack ‘
# | | |
= | | i
Iz !
= | \
=] | [
| |
| |
:RandomAccess PTRAN }
| o *
{8 23[R R A1 =
B 5.1 I s [i] ) 0 14 s [ Sy 36 110 ik o Ry 4

A2 UL R TEIBATIX 4 P L RS i I B S MLAY S8 BE 98 B = 1 1000 i, F AT AT 5%
TE R R AR AR BT FAL L SOk B R GG LR 1000 17

2 Ripas by

(26 5.2 BB Ko RR 5/MimRRZ 4,

A LG0TV AR B E SR B e . — DR LA Rl
P B0 K i e s 5 /N i e s 2 4 (big endian versus little endian) , BEFRATELETBHLNFE
HRAET—AS 32 (3% (1078018627) 1, = (01000000010000010100001001000011), . 3X 4> K Y
FNuE I E JE 0x40414243, 618 4 F 37, ByteO & 5 51 A S F 7 01000000 = 0x40, Bytel &
01000001 =0x41,Byte2 J& 01000010=0x42,Byte3 & KA 2L 735 01000011=0x43, H{CitH&
HLAR & 575 T4k (byte addressable) , T8 B 4 N #ELFHHuAE. i h ALA+F1.A+2.A+3,
RAFHGXAS 32 L7 BEEHY 4 F5

[5) R J2 o DA 2 5 T K 4 719 7

(1) K (big endian) JRINHA L W iZ 2tk A Ji & & A %0517 Byte0,A+1 Ji Bytel LA +2
J Byte2,A +3 Jit Byte3,

(2) Mg ittle endian) IR K, BIZ 2k, A & RA T Byte3, A +1 il Byte2,
A+2 it Bytel , A +3 Jil Byte0,

XA BB AT X AL s R i — AT (& 5.2) . (H 2 I B L — 1>, R EEZ
WX A o Y — IR R RO [F] 3R s (3R ) 0 T B A S AL . S
e, PIAME R AR . W WL E

(1) TCP/IP H.EERM \MIPS AbH 288 T Kim ik .
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(2) ARM AbFHEE RISC-V AbFEES . x86 AL FHEE & T/ IR .

Hedk bk
40 |4 ‘ 40 ‘ 41 ‘ 42 ‘ 43 ‘ 4] 4
41 | A+1 A+ 42

Byte0  Bytel Byte2  Byte3

4 |42 A2 | 41
/

\ BOEY 1078018627 ]

43 | 4+3 A+3| 40

RIRFETH INRET

K5.20 R 5 /N R 7R

5.1.2 E{KE

AR IR N RGEME . RGBT R — MR B 2 50 W) s 75 22 42 Jm) 25 JE A
R LA (trade off) s I —25 48— (9 J5 W R S5 7 T 137 53¢, 10 AN S B A 3 S5 0 g — A>3
BRY., PEW AKX R AL 387, XA systematic (R GeH) L A ad
hoc Cifi 3 Hb | BEHL N A8 H) L A TE 25 3% b 2 40 B 4k

[ RGN R B B B5c A 2 R T B AHT , BN 238 i W FH 9 = & M 2 ke
WEIT ARG AR A TTER, (HEREEMAZME TTEREEHWEZ IR, K
MIARHL T RS ER B N RG % . BB RS A S NS HkirE. RE58
AN R RGBT E VUM AT — S 255 5 i R 2R A G 2R Gk, X &
M AETESCH A RGBT & SR A architect CELIE N 2 & 00 5 2 5000 , 15 8. 7 AR 450, )
PR ZEF T . AR BEA 4 PR R BE L BV EA Ceyele) BBUES A1 E 0 Qayer) B, B — 1R G4l
RAEIBATI R S Z LAWY B BT BOZ S 0 A . i an , 45 £ 7k 4 X0 B g 48 &
T, FRAPEAE 5.4.1 150 ie A R B . 2 OO BRI O — A I B R AR M ik B R
Fe Gl g i) 7 ik .

el F— 4 Gk SR 7 TR 57 el SE3 DL —H8 077 AR IR A 1 2

[261 531 Z2AMEERA B AR,

— B EICA TR E A B A SRS E AR i AR R e e RATHZ )24
SRR R T — AN BRATE R 1 R % (stack of layers) , £ & 8 AT 1, B AR A3 S i, B —
ERR AR, K 5.3 B/R T — DA E AR FEME . KeBRig
SF A B AR E R 4 . B, ab B A E AR 2 kA

Fie BRI 2 2 0 A B, F AT AT A Aan R O AR — 2 2B IE A TR L.

(D EMRSEMHMEZRERBEIES. Gl HPMEH Go it 5 mE B HEF 727 .
Go T 5 i i B PO HF 7 B8 7 A8 0 il — R 48 4. B AR AR IR 2 B T LB R R 4
L. BAERG IR AN R R AR S . TR R T 2R A MRS, Y
R 45 AR R Sh BT 5 R SR B TG R, R BB AT R Y .

(2) H BT AN, ERFAE « RSB, i A PEE A7 6 2% A1 A S
s Al ST RN AL B AR — s 5 2 4 v A B (CPUD L 54> CPU B —
iz (core) , UL, A b H 2% — 2 £ 1% 40 32 25 (multicore processor), B T & CPU
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VAt 38 4 b A
EiHE ’ RIFFRRE, 2 ‘
’ WIERYG, WRIES
’ 54 ‘
23 23 gk =
‘__‘——'IIEEII
ik =
VO [ e
DI AL
Wﬁ/lﬁ.\}# e
N5 USB
ER L

:

| P AR L
MRURUAR | pigr . Bl . BRLEBEE RERD . AR e
5.3 — A ISR - MG R VOR

PLAN , 244040 PR B7 — B8 0 5 i3 22 77 (cache) , ‘B J& U A7 % 25 1 O /M (HL o 13 O P 9 77 i
TRG ., 1A as (memory) WA F 77, X2 AHXS T #f Chard disk) X FE A9 5 77 R B0 1Y

(3) AR LG 1.3.2 7 i i 2B ie AR TH AL AR AR SE ) K . A B AR A B
4% L% GPU (graphic processing unit, B 4b BL8S , A W] {6 R &%) 58 56 14 38w i 2
R AR B B G S A R B OURR O S B (microchip B chip) . X S8 5E T 2 2%
(bus) MHI%E AL 3G N AF B 1/0 Bgk, AN —MaA — A R, @& FR = e &R
(motherboard) » & f& 1ML A 32 28 i AR SE B0 T B2, i ook A5 4w HL At Oy U S A B AR |
fEff e EO BSOS IRl OB AR /O ',

(D) AbFREE AEAEAS GPU S5 2B KA, AR B2 R ZH ] HEH
I R B A R ARG o SRR A A SR RS A BB AE ST AR DL S AL R DL B4 )
PEL .,

i AR B BAEH 53 FR R 2044 1 (software stack) ., MR 4EDIHE A 7] B AL G4 v] LUHL
e A A 3 2K

(1) Rz F R 26 B 2, A4 I 20 B0 L 1 95 B4 38 A R0 AT ol 0 | T e R
14,

(2) % WAy a4 (middleware) £ 475 B0 22 487 B 7 448 190 30 W0 % L TR I3 o > L ] HE
2 (application framework) &% , B I 14E I FH R 1 F1 2R G0 K 44 =22 (8] g 7 — Rl 22 . 3R 4F K,k
AT v (B 2R 2R 48 A B R JE Al 3K (Ginfrastructure software) , BATTAIAE £ — 2 4
AR B LV W F g X 1

(3) Z G (system software) i Al 400 W = J2 % (3R 5.1) . W 3+ 5 HLAE 78 (1)
BB NI R R BTSSR B AR R Dy g L E TR RS AR AR i DR
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HEE (firmware) . ARG AF FEE F — & 42— F & (platform) , B B AL Ak 71 58 HLAT
A3 R B A5 o 5 SR IO FH 2 I A B A i G R R O Y SRR RE . Bl T B A UL x86
AbBRER + Linux BE RS 65, S 100 A 5 WL x86 4b B 2% + Windows BIER A" /.5
o BB AR WYARM A BRSS + Z B EER GG,
% 5.1 TR ML
Bk R m T
Bt A3t 5 A A A K

S B3I B
] FoE R . Web IR 55 #% . 3 %2 2% . . | MySQL ., OceanBase, WebServer.go
JHHE 2L Chrome, Safari, TensorFlow
3l R T M H g R A R A C.Go,JavaScript,Python, Shell
RGN | BRIERSR Linux, Android,iOS, Windows
A BIOS,UEFI

(3260543 BRI e BAR B0 R 2 0 I8 O IL R ST B AR &
* 5.2 R —EZ RGBT AR AR R % 5 MR E AN A

5.2 TFEAIMR R
Hdm R FOARE V500 VIR B B VD R JBMIP [BRHE SC A

RN Liab e (5 ARy vk . BIINAE B BB 1

B B BER A S, 0 S BLAF R R B9 hide.go TP
iy BATH BT . BIANAE Linux #8804 hide #F 72
54 T ¥ B fe /N B TR HL AR 95 R BT

PG REF R B HERE AL, 0D - EIRER R LY
B SRR R 1 IR IR AT 73 A RAE B B LAY 48 4 T K A5 LA Bk
1o B 1840 B X — FP LR S0AT L 782 K Ze H 2 T B o J] 40 4

SFIR) T B B AL Ul TR — A I R S A 4R A L IR R B oh 2 R B S AT B BT
Ak BE A R T E R AL

IREgEN LM T AER R B (TR RIEERETD

R4 KL

BEFE gy

G AR T HHLRL A O — TR 2B . IR A BUE R — B — BBk
figk PRAZ 2 U JT A )L, 2 Xk 2R 9 1) 52 2 20 MR P LA 728 9 4 R I X AR 8 1 7 A B L — 7
Ji. R R T,

(D BB AT 5 A2 (5 B D7 1A o g5 Z2 80 ARAR AT DU i gl 8 SO B 3Rk

(2) BRI TS Z M AL AT LI Go 65 4 E 72 7 SE B, X 48 i Z0F 5 1% 17 4R vl L
S RO HLER TS F R (R R S B i AL T .

(3) BFA TG Z R0 Hia 47 AR AL i 1 2 72 X Rl 5 WA 2R G 8 IUAT

(4) Fr A $84#0 i 38 < ik X —FALEl $hAT .

(5) $84 WKLY B2 BRI PRATHRAE [ T B 240 — AR 4 CIR S Fe 40
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(6) H BhALAY S #3858 7] fy 28 & FE B M 7 FE B S,

WMEFLLAS JE TR R . WRIEZE A S R, — HE & LR RS,
A5 YA G2 P A K R ) BOR B | B OR B /Y D RE

(1) fig T )22 i 22 8 ) 20 A 41 vl B SE BUAR /R I A D RE . 415 i B oy S KA R
BEL | P A0 S5 45 ol L S 0 478 R % o i 2 4 L

(2) A5 LS A7l B 02 kR L JE B e HL B S B B Sh LD fiE .

(3) ZAI P BR 20 5Ok T AR 2 K 2 S AR BEER A sh AT 48 2 Y g .

(4) Ak BRI b A7 fif A o A A AT I LB R R AL

(5) Wy« i R R ES AR T B0 5 BT B SRR

(6) THEHLAE 1F AR HLRE 8 PRAT AR 248 NI A Sh AT R T

(D) EBRAERGE BT 24 TR IR .

513 RMXEZ&tH4

WFST BR A ALE A TR R G i s R PR R B X R GE M 5 A vk . X R g8 & A v Bk K
FEEET MBI R R —ERGE R T T 7 B L —#77,
=, 792 24 % (system complexity) A [A] T & % & 24 & (algorithmic complexity)

(26551 fUERGEREARE,

TEFRATTHLEE b A5 5 — T SRS RS S ARG T LR OA IR — N X R4 A
ZoEH, MIERGEA FACH P TEL .. BB ] — 68 Tl iIC AT F AL
FE I 2 i 8 £ I8 247 LA R0 Ab B8 0 F #E R B T AR AT U5 P S R . i i AN A 36 £
F i RGN RS,

T WAL B A8 0 R R AL 20 /24 SRR . I A RS B B — A 5 AR ]
10 3 4 LT S D v T 6 — 1) M), — RS ) L 08 T L 4 v I ) oK 0 1]
N A E AT R B N B D I A, AR REALE 20 {24 SR E L L
SRR E 28 2, WA B BT R T B RGN R — A Sk
RS | BN R ] PR ME AL 20 A2 ACAS R

ABABBEE — “U—BF” 5 4 A ZH

FATHE 4 DRI s a9 Q1R 26, 7R an e 38 R O BT 9 FR e A 40 X &
Gii e e DL — T, FEA A R R R G ek

(D Z: REMBR WAL, W EIRES T

(2) Z%: RGN ZF2HE TR,

(3) L. RGMHLUIRFL T T, MBS F A (9 T 4540 (spaghetti code)

(D) . R HA SRR

X4 A S AR o — AR R B TR SR T ISR i — A AR 4 R
Bk Ay B ) [ R AT A ST SR ALARR A ) RS AT LLGE 2o 55 — 4> ) $2 )2 i P (Any problem
in computer science can be solved with another level of indirection) . L4R1E T A H & K
T« B (David Wheeler) 211 T X A ERB S KA L, DR - 22 3% 2% (Butler
Lampson) f£ 1993 4F (4 |81 R 23 i rp 5| J 7 ax A LB, e ilich — B B SEA
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(=25 5.6 BKZHFEF . Afa] L X 227 38 W 0 R G 52 2 e

SRR A AACH AL AT 1T A A T R R R EE TR 1/0
BeAf . TR K HLUCAY R HTRR P AL 1/ O Beag 2“7 AR R 4 R A TR
TR 10 4 Go By, 2 T4 Go BIFHSE T —F )Y .

LA Z B AR P AnAT 5 AR 2 89 1/ O B S B LU RS HE A 52 B — i 3% 01 7 06 2

T —FFET HHE SR /O WAL H, XU R E AL R0k R R Y R 4
EHE - T/O&E, HEXHESFBMXN MEE P M N BEATEHR, XEE
KRRG M HEZ T E, R LI T —MRGEME PR 1/0 B4 IR
2 F (device driver) , Nl T — 042 )2 (F 5.4) WG JE R M XN Fh 32 B/ R 5052 24k
FEARH M+ N Fhg B RS e DT A2 B B3] 1A T 5 4% .

‘ Appl ‘ ‘ App2 ‘ ‘ AppN ‘ Appl APPZ AppN

AT
| sirw | s

/ N

Driverl Driver2 cee DriverM
’ Devicel H Device2 " DeviceM ‘ Devicel Device2 DeviceM
(a) BAOZE . MXNE &% (b) WENFR 7k . MANE ek
K 5.4 WAL F MR ARG A4 R B

A TIEH TG T A S B 1/O B 373238 , M2 U5 ) 48 4E R G2 it iy
1% #% 9K 31 38 F 4% 1T (generic device driver interface), ERMEFHZRED, 00 M =/FiE &
(character device) fl#i% & (block device) . v447 %t Il (1) 5l & A1 B /R 48 2 F AT 45 IR
i A\ s 0 A2 BAR I — A BERLA U ﬁ#l_lijﬂﬁﬁﬁlﬂ R B A 2 RV A i U i A B
i 1 A8 AL 3 — A BCHE Ve, G — BRI 0 r BodE . IR T R R R — A A
Devicel ., BE&H & —"HHMN IR FRF Driverl, Hip SEHL T i £ WY 1% £ IR a3l FH4E 1T,
DL R 4% Bl B IS JZ AR AR A0 . X Se A0 )RR A WAL .

F5 b SRS AR Pl R ok 1 S AR M R R AR IR RS 2, AR — AR A I AR R
7 S BT X S LT AL R G TF K IR B B Y AT 2000 BN AR Y . THEVLERAE RS
MR TE F 2 A S S AR P U B ot . Bl RS Ry Wb 1 — OB 0 R A% LB
RS2 SR S i LR G (AT RE LA JLHF0 I RIS F2 77 . 7EX SR Bz
TR FD Go 2 F I LB it fmt. Println 45 BRI 0T M 1% B 4% .

(326570 T@HIBE & W] o7 % 44 il i 3% 48 52 2%

FEIT AR R DT L, — A G I A TAE R s A g . AR ) 8 2. —
ARk B2 TP I8 B AR O WA BT AT RE P AR — 1 3 T A B L e R S R A% A S R TR %
N 57 B 5.5 FIH T PR R K .

FUH B THEALR I T AR R (ad hoo) LB Z R Z KM, #1440, 1945 4F 1
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| eearm || ewrie | | wsum || ponm || smer || e

| BAEER
NN EEREETE
N NN
\ N
twcw | || (| roms| | wesmssosmserezg |
(a) S BAOE R (b) 24X H BT S B
[ 5.5 S P 8 0 0 .52 2 1 5 2

B — B BCF R TS AL R E B 5 A — -l A A R AL TR R IR R BRI
T RS 2 R A S B RE R A2 BT, BENS SR — S BT A (BRI ED . R
HLAS RE fiff e8P 32 530 45 ) 10T

AT A AL T R A A TR 55 55 b B I N BN T R L L
W 4k 58 I 445 45 L2 b L F A5, T R FHAZ AR . 1964 4F Y IBM 360 T B ML R G b I 24 T
XA H 2 A L PR T RE A AR RE A AR A 4 5L 45 IBM 360 BCh T A I
SEHL. W b, 52 A R R S A A S BT A S B N e T LBk ke A
B 5738 4, T 7 A5 305 2 v 20k ot S B AT BRAS J3E S 5809 Lol LT L BRIB A

FHZE s AF AR 2 R X — 2 R R 52 S R T A 0 8 P T 5 1438 5 TR = O BRI
AT LR E B S SO AL B T LR s B8, o8 b RE otk BT LR S SR L
“UL—RETT TR, B — B S S R 2 A BRI TR 7. A K x86. ARM K&
2014 4R Y RISC-V AR B ER 48 4 RGAR R E5 0 kR T X R EE R4 . 448, X Fhid
iz s ARk A A ST LR FH 8 528 2 A0 L 8 A 45 45 o o 2% B3 145, 4 i)
HEROE KA PR RS R AL B R A

M ACTE BT 2E %% S M A & RIS HLR & R« KT (William
Kahan) )\ 20 42 70 45 AR T 86 K W80 H T3t B 0L0F A as B S i B o8 . 3R L T
IEEE 754 3% R ARAREM S . FATA KA 5L 45 8 90T 500 L - ot 5
HL BEFHLL AR 20 T AF IS iR . RIT 2R WA e 1989 4Rk TRIA %,

(=261 580 JRATHENLINGE A BLX AL B R 58 24 .

AR A 7R 32 50 1 0 X B, AR ] — A A R R A A AT DU ) 5 3 A g L S
(R, SRR A 25 S R el e R S . P o X AT 0 % A R e B AR TR L
T A ) B2 R B 1) P R U ORIV 2 f 6 1) 2 BRI T DS o UG B L S 0 S e L B

FE 5.3.2 A RATEHE TN B SR Nk AR L A B B O A T 4L AR G AP,
[ BSF 5 T A R 6 O L T INA A B S B T IR AT HEOE ek g . H R B 4 B s
FAC T A A5 A AR S T s A7 A ok 5 0 e B
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(20 5.9 MR, N X283 A R 5 B A=k

THEHLA A AR AR, © 20 A8 A BT b 7 FoH S LR A 5 A R R T 0 B A
A A R G AL 2 A H E AT A 2 08T BT S LR BT N AR T B S AL 4 ek
Ly SO 0 3 A R B AR AR 7 — SRR R - AR SR R A, T A AR 2 1 TS AILRE {4
PR 3 2 ) 4R A3 T — 4477 3 45 2U (bridging model) ,

MGV A, 2020 HAYRIERCAE 4 W 2904 10 Fh 2L 2EC AT EHLE & . i 1E
F G435 Windows . i0S, Linux %, i F (9 4L PR &8 A 35 Intel  AMD, 3EH: M1 45, 245k 2L [H]
IR Go BIFHE  MATFE B2 —FhitEHL . 10 Pt BN 8 2 E0a Fht A pL?

WIS W2 A W —Fh AL, B« 3R S SRR L, AT IE A A OG0 Bk
M ECA TN S A0 o B « K = TR ALIT & R R T FE AT AT 8 £E R 18 K 1
B ENL Fiatr, HBUTEHRI A 22 59 B O (D), HHENL B K28 4k (51 « SR S
BRI,

FE R XS H B RAHLEEASE G VR A i, 72/ R AL IF & R R 78 B9 5L
B AT, HARAT B[R] 22 BT BE R Ak O ('), Horf o J2 (R RS

5.2 1 % b

MR A B 2B EREA B I . B4 AT 2 TR LR B S R AL FE g
LR TT A S IAT Y L LU HE R R B AR e g BT R . LR R R T R B
32K RIEUE R P W R AP R . 209E 5 5 (data abstraction) J& 58— 2 B4 K H:
P a8 Bhoz B AR AR U Ar 4R 4E . Kot S Bk O B e 2638 (data type) o G XX 284K
Pt R 0 Z A B 20 BR AL R A REAR D — S TR, 45 5 224> 20 R AN ] 4 45 Ak R S BRI HAR.
b AR (A G Bk Ry 2 6 40 5% (control abstraction) o B i 5 AN A5 BR [ B 0GR R S A R
—RGEW T RGN ICAEER A& R R SR dh 5. A L2 BB BRI R WA
FEd g . BRI 3 AR Z AT Ao s AT A A R 5 0 3 MR

52.1 HWE=MRK

TP G B2 T S LR 22 d S B 0 v, R i B 7= W) . AV b B 4 1) 6 i 52t bk
FR Ryt S Ak A A0 0 7 W AL R Sk ek 52, PR A 6T L B 9 SCH J2 abstractions,
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