AN HoE BES S EARER BRI

ERERTBEEZRHH
ERREABFHEFEERR

e Tf‘?”flﬁﬂk“ﬂ“

Lfﬁmfﬂﬁkﬁfjﬁ,
R




“+- R EZBESEFEHE AR EREMR B
EXREmARLZREM
EREMBFHFZZANBEEFERR

HFSCEREE ST RER
(4D

T ENLA R

ik FEE x| H ok #Z HF
ikl EF

T F IF¥ b &AL
Publishing House of Electronics Industry
Jtx - BEIJING



mAEE T

A4S R AT S H O ARHE KGRI B .

ABLLEET ER BB EH RN E R, UL REL WIS B, WA B EHLE D6
TRAKEBABMN TAENS. I 7 F. B 1 BRI ENREEARS. KRN RENEE.
BAFHR LA FHA R PERESR IR 28 2 EAHERE BMRR . BEMER % 83 HNMHE CPU T
R TAEBE, Bt SEBIMEREMEEAR: B 4 ENATEMTRANFMEIER, S50 F M sk
AR S EAH VO TRE, SFEO. SLULTN . DMA FUBIESE VO s He6®
MRE7RFEH NN/ B & 87 B MEFRERB MBI EA S B RS .

AFA AN E B AL AR G “ LA R AR R M BOM, Al VE o NS5
ML TREBEARANRMSES.

REVFa, AMFUEM T AR HIRPDEABZ MY WA E.

B 7k 4% B (CIP &R

TPV SR B ¢ T SEERAE A TR/ AR, —4 R —JbR: B Dk AREE, 2017.2
ISBN 978-7-121-30562-7

L @© ¥t IO &L M. © HEVARRE —-HEERL -84 1v. © TP301

o E A B TE CIP ¥ (2016) 2 294640 5

FhIGmAE: HHEE
L. FHEE
Bl Rl BT RUREENRR
¥ EMATRREENRIT
HARAAT: 7 Tk AR
bR AR 173 58 #E% 100036

¥ OA: 787X1092 1/16 Elgk: 30.5  FH: 840 TF
fR IK: 2004 4E9 A 1R
2017 4E 2 HH 4 Fi
B! e 2017 52 ALK 1 IKEDRY
£ #r: 52,00 0t

JUB I 3 H - T AR A R e R, 3 S G T . 25 TS, IS AL RITHEER,
BER W LS. (010) 88254888, 88258888.

FERVFIE R IR zlts@phei.com.cn, ERIBIEEIIE R IE1EZE dbqq@phei.com.cn.

APBEMERITN: 192910558 (QQ #H).



£ 4hRETE

ABHE 1R (P e85 E 5, 2004 4) AL CUFSHLAL R 3 ) (R WUo% 149, “N
T BRI, 1985 ). GHIHLALRIER (BITA)) (REpi X, “/)\H”
K SR B . BOE MRS O I =254, 1996 4E) A1 (EFELHLAL S B 50 4
B RF R (RIS B, U RGO RIEM . 1997 4F) 3% A [H 5K 208 ki
M FERE EEAT 405 1

APBLE GFEPLA R B 2 BOY (B4, “+—h”. “+T-h” ZEES
BEAMEREAREM, 2010 ) M GHEPLAIREE CGF 3 BOY (LB B4, “+
—h” BEREHEAMBEREARNEA . 2014 ) ALk FSRET, CATESEHLRTHY R
FANE &, UL CPU Wi NE L, IWANHUEILE TR H RS F T4 R B,

AL 7 8, UM BRI RGN AR S ST A, B 1R
MRV SEHLRORE S . KB TR RAMORRAE . SRPRL1LY, iR OB T I s R R
JP 7 AKX E M 5 2 TG BN, BRI k. 3 F A4 CPU
Je HCRTUSREAR, 3543 Ml id CPU MEAYRT MIPS AbBE 88526, 22 Hrde 2 (oA fe, [l el
WAL & 2 S R MORE PP 2 W R B v ke 30 4 TN RA7 T R G0, VHE A0 IR R A7
RSB, DLRAR A R — bR L . 36 5 AN T RS, A4S
BORBLSE, JFmiMh . DMA RUBIES VO 4k, 5 6 4% Wi A/
v, GREERMAITEINEE. RS BRRL, &7 58 M AU S HUEE M R
B, JRHERE A 45 M R LR ) 1O # 4 )7 K.

APRE 1 F, F2EHAERS, B3 FhPwkms, H45E. FewmAF7HE
MRS, &S5 THhkdgsS. S PHaO 4R, BREmEREd. Fhitsa
J Ji B URFE 2057 R K R B 4 5 1 R IR 3, AR S il R RN v R R SR AR I
WEBEH T T RISCFEMBOIR S, 58 1) 3% A7 02 BLL 52 a0 !

ARG S I FE T AAF B T i RO 2 B5 A R H LA B AR OG0 S 1) S RF 5
B, 133 T HLF T AR AR R AR B, A I ) A AT BB T R R

APEHBE RS —— GFEPLRFEE S iR SRR, Kb ag 54 R
MG 16 S S BRE . BTe SRR B2 A 2.

TR AT, A5eh A A S S A I AT R A, R s v e, JkAi
AWEBE . A AT ), W EE S g EC R jiluping@ueste.edu.cn.

AR AT R BT IR RN BOF TR (WHERTFHE), TEHREREEHERR
M3 Chttp://www.hxedu.com.cn), M2 G472 FE.

£ &



FE LI BB vererrrrer e 1
L I = 0 2 0 7 N 1
111 A5 B BUTALFE TR ovveereree s me e s s s 2

1.1.2 ﬁﬁ%ﬂ)?—I{’F?‘ifﬁ .............................................................................................. 5

113 B AT HLE AR coeeermrrerronessisimts s s 6

1.2 TFBE ML BE AR FI AL R wveeerereomerstntens sttt 8
121 7 o PR B A R cere e eree e 8

1.2.2 I HL AR BT R e reeernmeemne s sttt s 9

123 R BB o ee e et 12

1.3 TFE LR GE LI - veeeeeermmee e 13
13,1 B ZRZE -ererereermneemss e e s 13

132 BRAEZRZE -oovvreereneresersnnesssnmuiissiitteiitntsitessantss s bt s bt s RS SRS 18

133 BEME. BKAE R GEJR IR LER worvverrrnrerreesre et 20

13.4 TEfE. BAEITDEERI S B HF Ay weeovrererrermremrrrne s 29

1.4 FEHLIEE B G PEREFEAR --ooeeeeer e 23
141 HF BB 5 -eemeereeerm e e e s 23

142 T ML B B AEFE R - oveeeeeeer oo 24
;Jﬁ T T T TP P P P P e e e L PP P PP PP 27
F2E FIERIFRT. BEFORILE oo 29
2.1 BB T R R R TIs ooeermrreeee st 29
D01 HERE B wveeeveemrremreeses et 29
212 RE BRI oevrer e 35
213 G BT TR E g eeeeree e 40

2.2 BB R FR IS - eeeerre e 46
23 Jéﬁjf/f ................................................................................................................ 48
231 G B IIRIE FL -veeererereeere oo 48
232 REHA ST G wveeoreeeerermne e e 50
233 G BETRIEIB L wveemverrererre et et 54
234 SE BRI IE T s eeevre e 60

235 VE AP IUITE L coeeeererneerernree s s 65

2.4 P{%’ﬁﬁ B‘]ﬁﬁ&%ﬁ/ﬁ ............................................................................................. 68
241 ZFMRAEIG coverreerrnerr e 68
242 HFHREI «ooveemerernne et e 69
243 fEERTLAAEIR <veeereeernrsennt it e e 71
;]gﬁ DT P e P e PP P PP E PP PP PPPPPET 73
%‘ 3 E CPU %ﬁéﬁ ............................................................................................................ 76



3.1 CPU HEIAR eevermemmeemem i 7
3.1.1  CPU [T ZE MR T «ooeermnnrrres ittt seiiant e st st s s rane e 77
312 FEATNRE S FT N crvrerrrrerrnres s 83
313 HNEFERE S 1O FBBIAT LG ooveerrerererosntes ettt s 88
314 CPU BEEF 2B I oeorermrrnemmontn et e 89
3.1.5 CPU (R BITFR c-vveeersrerisesuntsmnsttmiisnnesssiisinsiniecsssnsesisnisisnssssssnessomsinsennnesssanses 89

B0 FRL TR ww oo mmtsmeneset oo S s A T PR TYSRTSSSESS 92
3.271 CISC L5 RISC w+eesenveersrsnnesssunmmiisutsiiiuuntiiatiesitatssetssse st osabts s s iar s stes s ans s e ens s 92
322 4BAKR I o 93
323 SFHE T EL s 98
3204 JBAMRIITNEERIZETR ooerrrmemi 114

3.3 @ﬁ%{ﬁ#%@ﬁ%ﬁ ............................................................................................... 123
33,1 JIIJEE BT rveeereeene e 123
332 JNUESE G HERIBHE «oeveveeee e 124
333 BEARIMBHBIEELIRE wovveeeorermrmmrnnss s 126
33.4 Jéﬁ%%ﬁ’]éﬂ%”\ .......................... 130

3.4 *ﬁﬁlﬂﬂ CPU &fr-}}‘/i_ ......................................................................................... 132
3.4.1 BT HLFE A ZRGrwnrrrrrerresrs et 132
3.42  FEACTIE LG BLE B K vveeverernn e 136
343 FEAVIFLEGREAT A vovrereressrers st 140
344 LD IR vererererrerorsiiiieirs i e e 154
3.4.5  PUFEJFHEE] corveesronvereorsmiomnmioiinreniini st s s ey s s s s r e s e et 165

3.5 MIPS32 7’51‘5]4CPU B A R P e 184
3.5.1 MIPS32 Ho A A - veeeesonnrseomimtimititt i e s 185
352 FEARLL BB veeevrernrernrerrerne et 190
3.5.3  BFEREEL cooeeeene 193
3.5.4 KRS coeeeeeri T AT A e T T e T 205
3.5.5 FEA MM A]EFHE - eeveerreermes s 223

3.6 T}t CcPU ‘H{ﬁéﬂ’]%ﬁﬁl* .................................................................................. 228
3.6.1  PIIKERFEAR coovrvrrerereerme s 228
3.6.2  SMT LA Fi cveeeerrererimine ittt 232
3.6.3 B AEEHR oeeereet e s 2373

3.7 ?gﬁﬁﬁﬁfi%ﬁﬁ?@' ................................................................................................... 236
370  Tnitel SOBEIROKE (CPNT sswronnnsansnmsmunssaisisbsnsasssesossinronsissosssossansss svesssosssavassannsasssossiss 237
372 Tiitel 80386/80486 CPIJ «+++vsevessanasdasissssvssins cisssesessnnssnsssonion sadinesasoessansabososshisssones 240
3.7.3  Pentium AR FR HE eeetomrteniitii i 243
3.7.4  Alpha FHUAR FI R -+oeeresers ettt 244
BT5  CRAYGL wnesessresssonsssiisnsnsnsssvastnsotsss s oo es 4648 6650e0as08 0505080500045 000n o0t abin s vobsbonsbarsisasion 246
376 TEAMSPULEE -+ e et +esetamsssss ettt 247

}jiﬂ‘_ﬂ P RPRRI 248



AL FRAETFZRYE - vvvrermrrrrrrr st 252
4.1 JFAE T BRGEEIR v 252
411 AEAEBRGEIR YR GER +oveerrnrrsrs st 252
4.1 WYTHFTAELE B 2 MEEE oieiesiente st e st st e a e s e s eSS e e s e s 256
4.1.3 ;ﬁ{»ﬁ%%&ﬂ/{]ﬁ% ................................................................................................. 256
4.1.4 TEAEBRBUEERFGAR «ovoreversrsremssomsinintiiinats sttt e et 259
4.2 B R AT R B e 260
421 RURLTUAERE BTG wreerreeorrrrrsresenrs ottt e et s s s 260
422 BBASTEAEDR cooorrerrinen i e 263
423 BATEREER oo 267
424 BEBIREEIFAEIR o e s 272

4.3 EAFAEBRHIH L oo 276
43.1 EFEEYTEHJE eevrrerermrrmmsrnsinrinnsvsinssreennnes e en s A R S A T YR SR SR SRS 276
432 TAFHYIBEB R Fheeereroresnrnastonsommantsssesisivarenesssssssnnsssssssssnntstsesssivarins ssssssasenssssanes 278
433 FAFEYFPEBIERE T oovmeererremrre st 281
B34 B TR ol wovnonsssrsss s ssstss s amens s o a5 A S TR —— 283
435 FEREBEHGRIET ST -veeeorreeosrrnesmsniioisniisisinisssiotteessastorssnassiosmesssiessensatesnnnes 286
4.4 W ERTAIARAE SR B oo 289
44,1  FEREA J S T Sl sewisssouiene 5o suisatuden asnnss svasssuntnsnsasnsnuns s st duashnetybunnsstqnsns sranis srunse 289

P R =1 1 - T PPN 290

443 BT FHIIBRL T crenieorsrsossrorasassssntnsssnsiontnssunssesvotanssasssonnessssonsoisssnnstsbensassnnosse 292
4.5 WL FME R R e T oo 296
4.5.1 BRETEREER ~oreoeromsemssmrm s s 297
4,52 FEHEAEAEBL cooovtivreriidinniniintisiisinte st s s s s b e e e e e s s e s b 300
453 FiARTERFEBUIRAREY -oovveeerreeerermsrres s 308
454 THEIEIEPIEE orvevavevassvevsvinns versuneaaass sxsmaradssvesossasssevevans smsesaonssossdoasonsssmnse s ouion 4z 310
A6 IEEETERBIET G BRI ooecornunsnvossntamsnonsmiss assmons s s s s st s oo A SO S 314
4.6.1 FEFFREJEIRL croererrereressesmimnitesisntetsirareossatettssssnsessians e bates s are s b e s e s nt e see 314
460 FEALTERE IR vorsossrvnsussivensnunnesevovasnsuassisss s8aunass o isumHentes s asseRETEY SRS TS ST 316
4.63 YCALURENEE L IL IR BT[] woveeeereesrrnereressssunisintissrerstesssessnnneesuesssesssnessanessssssnes 317
4.7 THERE MBI FE I - vvvee e 320
471 TR hAEAE IR vt sesiiinitist st s s b T b f s sas e e s bR e R ke m s e s s SRs ns 320
4772 FERIAEREIR voveresroniossssntonsssiansssnessassnssassrnusasesantiossanseessantssssnenssosnuossssnesonsnesssons 326
4773 TR 1R IR csevevsviianaasonsinnsnns ssnahiTsmnnsssennsnssosann soen e s s nnmpmsn hos samontans s s s e 331

DT IR o o PP 339
A.T5 TEAETTAEIR «ossvorvunsiasorss sssmmsinss ihn o chsssns s nnnsasnnsis dra s sasiss s sokanbnsnansonns shusssnsi ntiuaa sason 336
TPEBL 4§ oenveovomrsssnsvemrmnsnenosvarennsnnssnssnnnesoss ssnsuonsssesume sasre s vnastm e s g e e e s e eSS s 337
5= E’xﬁ—ﬁfﬁ)\/fﬁtﬂ%ﬁéﬁ ....................................................................................... 340
5.1 BGAN/BIHE FBRGEREIR ooorvrveeeeerriiii i 340
5.1.1  BAEBTHIAD cooemerrereesnmasmmimaiisianssinnsssans s an st s st b e st s s be s s s s s e s s STy S S a s e 341

\al



5.1.2  BELINAE L ST e 342

513 BINSBIHISEITTEL sooveorvosnstnsnsesessssnsnsmassmssanassosssnsssnnasaessenssuassassnsansassvosassssesss 345
52 ﬁé\gﬁ ...................................................................................................................... 347
501 AL BHEIE S REE cosenunsnsuansnasanesess 16 onssssansais s s sonss s e e £ ARGV 0 SR SRR T 348

522  BALBHIERIE «rreeeesrmremessmnsomit et e s et s bbbt s e s 350

523  BAEE MBI o sevrccsonssonsnumsosiisos s sminds s snson sesonsvanssatssasoss svas s sais asat ot snansnsnsanaras 351
504 DPOLBAEEAHE vroeovossrsneonessoisvnioissmassiimiais sistatossisasssnsnasosesssshobaassossssersonasessssonnss 358

5.3 BAERRFEAETRRETE ooroovrrrreromrsrsrirssssssisssssnsasressrsssssssssssssusmsnssesshessasmaninssese soses 360
54 T ARTHABLTL s 362
5.4.1 R HIEE AR S REH -eeeeeerrererssrrtmssirtecsinsiinisianes sttt s s s e st e e s aeas e uanes 362
542 HHHER G IE IR woeeerrerrrr sttt s s 366
543 RIS S HIMTIRSC TR cooovereerrrreesssoenisnitresttesssats s st s es s e b e nt e s aene e 379,
5.4.4 TS DI RYIBABARTI covererrrerme ettt s e s st a e s 378
54,5 BT CHPTEE CIRE] ooeovemerorreremmirte ettt et it e s s aas s s s s mee s s e n g s s s aasans 381

5.5 DMA 1:%:&51%[:] ................................................................................................ 384
S8:] TN TR BRI s s e en e s AR S R N S SRS 384
5.5 DMA 38|88 L [ [l vereevsmsssssnmmonansisesinnsossasnstsaresspsnsssnssanssessssasavasssssnansss 387
5.53 DMA FEBIBREGLL R, -ovrreerrreressreremmmnnes ittt e s 391
554 DMA FEBIRVEITFE oorericmsrmcmmmmmmimmimaiiaiiimmmetsiossmtesesiniaeissteesbimsassbarssassessens 394
5.5.5 LT DMA $5 1A --ereveererereremmmeseomiies ittt st s 395

5.6 TOP Fll PPU BT cereemmmeeeeeieee 401
56,1 THIEHITRGRLE M essesransorsaensvinsssnssntanmnssssnsnnsivabonosanatossnrhesubonssnspessnnissaiarabpesesssonss 401
5.6.2 ﬁfﬁﬂ/}jﬁﬁ! ............................................................................. e 402
5.63 TEIEHY TTAHEE B cvreenrersrsvsvnsvsosossmsssrnssnossostsassosessusmssessssnenssmatsnsssnmaenesaasanmsersesss 403
B 5 eee et 405
FOE N AERE e 407
6.1 TS ETH BE BRI -ooeeemee e 407
6.1.1 BN/ BB LI RE «ovveerrersrrsmrne s 407
6.1.3 - BB N SR A A B FE TR s evsnsuns consnvornssssosonssngapeon sses sessnumnsyhssnossnadoninssesh onssnsnsasens 408
6.1.3 I/ R R S ML IS AT eeeorerereermsess st 411

6.2 BHERE R AR L] et 412
6.2.1 GRETHIIET cocssmsssnmvmamsssosansvsssssssssoressossssissnaness sossnses {essinsnessnssinnetontonesssistbiuesanss 412
6.2.2  BEAEFREBRAT --ooreerorreeerrr oo e 415
623 HRAEFTHEBEIT oo rer oo 416

6.3 ﬁﬁ;&%&% P 419
6.3.1 TR IE AR e e 419
6.32 IRERAYERARIELIH veeeerereesneee e e s s 420
6.3.3 CRT [ 788 coererrerres sttt it et s et s e 427
6.3.4 LOD BIREE coretrtrtronntitiiit ettt 433
6.3.5 S IRIEMD S K T JEUTH - veeeevneeomenres ettt 439



6.4 AT EI TG R [ cvevvrnnnennnniii i 444
6.:4.1 ATENTE B ATEIR svevsonsavesssnasssnsissssonsesasnnnssassasassssosssssssitnsssnsodssinsssassssassssvansosstossn 444

6.4.2  FTENHLIIPEBEFERR =-rvvreerereemremornr et s 445

6.4.3  FPEEF IUAT IR L-wrreerrrernnmerseere e 446
6.4.4 WEEBATEI] covoveeersronteessssrermmsamimimstsisisnaterssssnossssninmssnstsssosntesssstesiostacessensssnnes 450
6.4.5  BUICFTEIHL voeerveeeenersesne ettt e 453
6.4.6 FTE[HLITE D B «-eevrernrnrnnnneeeeres ettt 455
6.4.7 3D FTEIFEAR AT wovererrrerrrreemrrsmmmte st 456

ek TR R e TR ooy A S T 457
6.5.1 JEREFEIFTHTUTL R coreveeorererossmsnsesssartsassaressssnarssssntsssssessssissssonuessssssnrssesnssonies 457
6.5.2  BTE BRI AL weererersrnremnnsimsss s 458

6.5.3 T T UL I TE 4 wwerenereeme e e 460
6.5.4 %Hﬁ;ﬁgg:gﬁﬁ% ‘b[!%uﬁ( .................................................................................... 461
BT ceeveremmne e 464
R RS b L | S SO SR — 465
7.1 1‘;"21@&)1,%%&%%3@ .................................................................. SRR SR PN 465
TAL  FRGELAFR -ovvvevereososssresesassssssnantesesssssonantesssssssrasaiesnsssasanesesssosssnsenesessesasnsssosssanss 465

T1.2  BRZERALR coeveeereomrnno st e s 466
R R 0 3 = PP PP PO 467

) $§ﬂ$ﬂﬂﬁ§! L/O FEAEZE cvvveneeemeeemeremii 471
721 BAEFLFAER T T 1O A --nveerrerereremser s 471

722 FHET AR T I O HRIE -+oorreerrmrrrrressrrintnitn sttt 472

723 DMA F 3T 1O HRAE --verrrerermrnremrnmmtes et 473

T3 BRLETLBHEG -ovveerereererserensessssensssessesestssss st s as s ss et ae bbbt naees 474
}jﬁ T e e e e 476
é%j{ﬁ .............................................................................................................................. 477



Fl1E OB O

“THEPMIA SRR RIZI E E AR AR RGN ZR, MR YRGB MR, H
Bl AL — M SRR BN S . X ERE “BHBE” BIEM/ATE, BI CPU AL
FOREAE RGN,  FLAFAN 2 T A S 32 S R B T AR S LA . A5 AOX 2 i
LRI RDREN S . A, AFEE AR =ANELEREAMS: FRENBTHERR. 17
FEFF TAE T AT LR SR IX G, IR I LB MR8 T v SN LI S s A 1 R
S8 TAR IR BRI A R A

1.1 HETHNENR

WHEHE 20 L ANREFRNEWZ —, e MRy, Bd$TiErES, A
B, AR FERRH &M E BT R 2RSS AL EE, IFRI AR T . HHALEACE
BENAR SRR R bR, R BHEAR (S B TR

VL RGEE H AR AP KA . BRI E I H5E H B R R &K
7k, WUEHE. PEEIER. AR/ RS, W 1-1 P OERIEANGE B R AR (E L
Fsc(E B EAEMIRT SR, WFRFRISCRYSE . Bt v SENLRE A 2R G 1k A J5 )2 T RE A A 102 4
1, BORE A ER A o PRI, AHEA R T T G R SR IS AR IR AEAR SR
EREERAN . b, AR N R TR B SRR, W E RS WAEE S LR BRI SR . R
TERER % R IR G AL R — D RR T HL R S

™ EBHH%
k€1
BE. B8 -
WMARE iEs WlgE ——

e
. K& . RE&
— R

Bl 1-1 AR

THILARG R TAERYE? NMERMEZME AR, BN KERBHETIEH, BF
AT B, AN AL B R, AREESRERF, RRETMAK
% CInBRAD, FRE/ P ANl A EE M ERIE AN N OIEAFAE A a8 o TP S R PR N U AR
¥, R SEHLEEHATI . TR RERATHLER S, BNESRTFRNLSE BOERRAE K dr &
AT IR ERAE RIINVEFE 2« PUTTRIRBRAE M IRIESR S . PUTHIRRAEIRRTR 5. Kk, 7F
HHAEBATREF 0T, DIRGIRRE P g B FE 0 N1, IFRFIZ LR 4% — R WU A7 AL A7
FIE TR BANEITON N MR e g T, LRSS e A, sEEE S IR AR
MIfEREBRTE, X % S IGHI A BT/ SR AE.




YU ENETT IR ﬁ%%%iAmMﬁﬂﬁwﬁ.Mﬁmmﬁﬁm@a%méoﬁwﬁ
RO AR I, R OGS, BOl%ie S 00T, Hin, AT S mikds 4, %

—— aM#%$mi%ﬁ$mﬁm¢ﬁ,%A@ﬁ$,ﬁ%ﬁﬁﬁﬁﬁm

I, A3 S A B P 4 S 47 B4 T B 25 A7 SIS P B T

e MRAL G S, U BERL T L B A (RS, FTEINLE), ¥

£ R A BB AT EAEAR b o B 1-2 40 T S SEMLI (T 8 T A3

l WL EHEATT A, SSEHLHE o — A ESS AL B AR T

adaii B, SR AR R E. %, SRR EA RIS

HEEHLBEAT IR BURU B . 30K, T EHURER: 2R G0 % R B 4 P,

HYRFF H 184 3 TR AR B R A EREN, DL R Tyl e IR T4 fk, R

] NHZ#MI%Tﬁi EAEVHSTHLAE NS [ SR £ BATAL R,
Fyy  AZARAE E RE R A BLAS BB 1 4 B 5 (e RO T 5L

l YL SEHLIE R FET LA 1, b JLA B 1 4

= BT TR RIS BR . R A TSN LA 5 S

Tk, TOHET i R O v B 2 S L2 T3t B, TG
B2 HSTILIEREE e T i SEHL eSS B, SR B B

1.1.1 ZEHEFART

TR BATER (RS RSB EE 0 TR . Bk, 5L #fE Bal
u%wwx% FEHlE BAEEEE B . HE B ARERIT AU THE. THSEHIITIR 2, H

LR R AT (B2 S <8RR, BTLLE 2 e iy & Feal s T e Bk,
&%ﬁﬁmﬁ%mmT%EMH%oﬁ%mmﬁﬁA&XW$m&ﬁﬁﬁﬁﬁﬁﬁﬁ%ﬂ%%%
5, W TEARGE R B RO A B R B A AR S R R . BB A BE K
NGIESRZ S, W6, -15 %, AEEUHREIRN LB KA, BARESR, WFEF. 7. B,
FEENIRE MG R, UASKMA. RE. @SN THEmEHER. WA, Ei5hT
In ] e /R IX LA g ?

AT YE,  CREEALAY A T AR R B R BR A B, BTEL, AR RO SE AL
HefgA AL 21 5 SR BT RRmTi % R RIB TR RSB E THES X O I
FRERER: @ HEFESRRBTFAU. (5 BRRECA MBS 2 RA T HHL TR
) — A A R I LA 73X I P 25 SO LB

1. AHBENPABFRBRTIZILER

AR ER R — AR FMES, KRB ARSI TR RIS . AT DRSS 75 2
R R CGEREEIE B GERD, H—424E T & LB ALk E R E .

(6111 AL RBE R .

6 Fl-7 EWAMEUERIEHE. wTLA5E, H—f AR E RSN NS, Wl 0 RRIE
#, M FoRa G HA 4 AL RIS R R BB KN IXFE, RS 00110 KR 6 (JEiEE
—MNO0REKIES), 10111 £-7 (EAHE N 11EHS5).

ek, WL 8 AL HE RIS R R — AN RN . RIS EON Z, BINFRIEEE S K.
fltn, FI 4 40 RS AR RE R S 200 IX AN (EH 8 A7 BERICES A) LR R E .

2]



[ 1-2] ABFEAREERR TR

FRERG A KNFIERLZ 5, (PR LR AR R R e . RN R 2 7 4%
MR R — AN SCERF, W 1000001 #2745 A, H 1000010 £ 745 B; 5k 7 A7 ARG &R —
AR, I 0001100 R0l (FF), ] 0001101 £R[FI4 (CR). FHF X Fh i Fr A
ASCIHI, ZEPR T2 RAM—MEfFRR %, B, LA A4 8 A =Bk RR—
AN ICFERF, WA 01010110 01010000 F7x “H”, H 00111001 01111010 F£7x “[H” 45 K2,
AR AT LRSS AR, DA S5t )T AR 7S Ya B2 1 8 F 0

[511-31 F¥FREERRER.

FRMERZH R, Rifal LUHA TSR R R BRNIASR, TLAE R TS5 IS,
A, el BB AR R R s X Le AL AT I B R 5 B e 2 br b, — iR G AT LA o 4 1
AN, XSGR E. U, UG RN ERET S EIR . BIGR8a, &
FHZ, BRI HEIEE . KRG RR B AIER, WA R R G E. fl,
AR ARIBRR—AMEE, HHEERRMN, WA | £R; HRELEK, WHRML O &R,
KRR — IR R BT 15 Z QRS AR B B R A B REATAL, o] LLSE B He RS ok
ERBERBT

[ 1-4) JAFFRIEFRAE .

H TS BBTE, SOR RO IR, PR e g AL AT R, BRI
K £ A [ 18 EF 1 1) P 055 L YL 30 PR (R A 00 o, 55 0 380 ) e R A ] — N B ok R
e REXEFREWR, BRMEAEERMELMRRESNGE, ERE, Fseh ok
A& .

[51-5]1 AHFREERRES.

BB TEEGER. B, —&MAFHRMSER AT 2 80E, B SRR B
5B Bk, WA BB AR n iR, IXBARSRR A R AR 53— B R s kI
AR EE, XBACIEAR it . B R AR A A — R, BB T HLAS HR A
B, ERVERSEL 4 7, AT ALY, 0000 RNFLIEERME, 0001 K8 IVEERME, 0010 TR pkizg - -
HHERSER 12 17, F 6 AR — D EREERIE, HIHR 6 &R 5n—MRERRIKRIE. B,
235 000000 FKRERIESCK H 04277 4%, 000001 FnA —HEHCR A #9377 8%. XFE, 16 {74R
% 0001000000000001 K/x—FKMIEIES, HA& LK O a8 N 1#35 47 25 (0 3 A AR,
4 BAF AR | #E A28 .

[f11-6]1 AEARIELEREAIRE.

THPE TAEN AR E TN RARE, RSN BOIRES R E WA A1E. AR
& REA AF M RS, WHT P AT ENFELR b, SR8 WK 257 Bonte i o XL
WARPRS AT LUEG A =Fh: N CGRBREE T 41 (RBIEAAE T B (R&MHE—IX
Befe). MM, A DUHZE BRI R X = FORA, WA 00 RoRZEIN, 01 Forfr, 10 &
TR TE o

2. EYENH ERARFIESHRTEFRED

M4 BB AR R TR & A R ? Xt Kot EHL A EENLE . THENLE — R 20
MR B, AREANAEH I SE bRt B AR . S S X W BRUME 5 B 5 5 R .

BB 52— P ESR L G S, WRRE S . BEE S IRATAT LU d Rt s
FE AR KA B S B R K/, A RIE S I sl DRSS . A BRERIE 5 i 5



PURR BT SERL, SN TIHERRER BRI U . TS 5 R B M2 B, In3or
FIREREMR . RoRBEREN. FUTMAENSS . AETAES. MRMETESRREL, Wiy
A BA b R £

BOFAR T — FhAE I [A) L s A) L Wrae b KA 5, i SPAS S ke (s 5. A HE S
—AHEPARE, PR EAR . BRaP AT BT, XHE AT LUK P FRIR 2 93 il 2 B
1 /10, #h—HEH. thin, AREPRERSR 1, [REPRERR 0: s A Kb iREE
o~ 1, TlkRRPRERS 0. A E SR 1 A EF RS, HZAEFESHAEG TR
AT EECFE S KT SRR EAL, B S A SR T L
BIEAR AR 5B HECTE S W LR E A, RO AR SO AR R 5 F s 2, M £
FHEHLBE A T AT &k, AR Z MR B T I P9 A B B o e 2 AL LA S A A oK

: , R TFARTD.
__I——T—L__ (BI1-71 I E SRR 4 (AR,
HUPAE S AR S P I R RRESRRAFIAES, BrilH

L1 r 2 i TR B — B R R R T LU 4 RS S B 4
! ! AT, BT SRR 1 AR RATAE, +5V Al
_ L P %R OV OMERT, %R 0. W 13 FUR, 4 RTAS
: : HIR 4 QAR 1011, EATATRERR—A 4 L9 3R, T
o o7 | REBR A A o B FRA I
- ! AN B 7 P — AR B, BRI X — 2 A 5 % ) Ly
13 AUREE SRR ARBHN. AL, WA S R B,
i WA S N AR Sl R IR B4
(51 1-81 i ikobfs 5 &0 4 (L8070,
S BRI, B S i PR VR, 45 A OV FI+5 V (-5 V) B,
e REHE AT 65 B BORI OV ORAS. B, (59 HBIN, HAmFh+sV (-5 V), 9%
HILET, HHTN 0V, W 14 FiR. BT Kb SAERTI b4 R BT, PR B —
ﬁ%%&ﬁ&~$ﬁ#ﬁ%,E%i%ﬁ@ﬂﬁ%#i%._r—

1 kb 0. 8 1-4 e ks o 005 4 ROECFARHD 1011,
T B PR b 5 (0 _E FHAIR R R ML R — N %1,

SERHCHRA I o G, JETEERLA, fEkh TR by %

BN AR, AR SRR b g, IR RS
3. BEFUFERTERNEEM®S B

(1) Y8 E5 5 SLIUE B RR 5 174k

M 5 LA T RERPIRAE R R 1800, RULAEWHE 1 nl DU 2807k sE, o X
BBk W T SRR SmakaL . A B AT AT RETERRL IE 1n) Rk Ak B 1) AR
BRI B BIAZEE . LB A WA e RS R BT ] HRAAER B, A& fid
RBEMEREER, FIABA LAENEARAAEE S, @ nl LR RS RE R, s FEot
S I TR RS B o

(2) pitHhaehom, wEEMES

HT RN AESHPFRE (RS, SEH bkt 5 Ehked) ZE5180K, BIE(E
SRB—ERE R TH, Uh6E A AT SE A A HCF R SR EE S A . B, mHETEs VR

EX

0 1 1



AL ARHF OV RR 0, BEGESAT 0RE, WREIRT 2V HTIRES, UASKEXES
(K1 0 RS 1 R

(3) BUEMRRIEHEK, KRR

—fLEFE SRR EERE, AE2EETESNAERR N, TEEREIRANERR
TR, B, H 4 fLRTPESRR A 4 CL0 RN (ABERFS), &
FORMBRBAER 15. HFERF—A 4 i BB, FREREIEFS, WEHIREY 2°.
P, BERRGEEBR, SE SRR . AR LUF, AErsn 2 &a R,
BRI 8%, JER MBI TH th A N 1K

(4) ATFRRIE BARBUR I 2

AP AR R BT LB SO RS, BAUEE S )T LSO By s s, kR
AHIE B RURE LT A PR

(5) REMECTFEZEEARETE Bt

FRHE b B T RE R AL (B AR, UL AT A R R B R S . (Rt A
AR BT B T vH ENURE R B v i 2R At, AT DUR RS A BRI /LA IZ 8T (n
5174 80T HEMTAD Mg AR 9T T L R A LAt B r R4 .

M SN LBOR AR i B AR % T M2 M A RRR R &R R MR FE . XEH
KR “fEREFL” MBS O WEALP ARG EEMEFANERR, XEEEaEHTE
REHF. FRERRFE. B, FEUREREKGS. REF @ MRt rm—a
AP ESRER, BFE ST PE S8k (E 5.

1.1.2 fFEfER TAE X

AR R I LA, R T IR T, B =A8A: Fambifey,
FREREFY, B3, EEMPATRRF .. X= x0TSR B A E R, R smin i s8] .

(1) R SR A ) 8 25 i 1 R

TS B AR 52 2% () o) AR 2 8 N AT R P R SE B o DRI, AESKARIE — i, AT %
AR 8 A R IZA ) R R A B S e IR e, B v L SOk L By, H A AP IR
FEFF IR N SR T AL B Bt , B MU THSEHLEAT Al ik AH2A5 00 T A A B I 5t
B[ A 4 2% B L O

(2) FHRHEFENTHEILS

WHIFTR, R AR R S W5 NIRRT, R BFR4mN, HHEIAGER
Ao Bk, EOE I g SRR R O R, (RAFEA AR . XN RIS R
LR, AR FIIAT, T PPREHBAPERLIFI. L, FhamSE MR R &K
AR FFIMR IR, IR as T, R THRALIIT

(3) HEHLAZ). EEHPATIF

FEFF DRSNS, HENBURsE, AFEANT TR, MEEA). ELkbMTH
HHBEFERIEL, RS ERTEHAMNERME, HFIBEMEFIITE. SR, ERRA AN
WA TAERSZ G, WRvri P NS R T TR 0ie1T .

- FR B AR LA AR AT XA A AR 2 R 10, AL X 3 EAT12 S fe]
BB A4S PR A WE? B2, KRS MBAR D TTAFI. TSR T, RFRIF
PATHI, PIHAS Bda T SR KA TR B A2 AP X R AR X ). Lok, T

[~



WE—METF A (Program Counter, PC), H'BEAFHCYATIE A FIERIAEAE ool 5
FEFPMUF AT, WIAEBEICY HTH62 56 PC NN 1 CHRTHR A R i — Mt sot), 18R F
— AR ML R B AT RS, MRS H ARt itk N PC, DU % LA b SRS
H4e4 . BBl KEE PC MHR/R, THENLERAE B ) N7 65 28 PR 4, R YETE 23R4t n e
YE St SR U . .

XTAEGERE « WK SHNE, AR TE & —Fishlmaash 8, B RIE 4 1
TR IR &, FHIRIESE 2 P& 3 5 B A BdE g7 b 3. X B R RR A TE 4
W, RIGAERFPATER S, KRB PEHMEHIELR, ENHEIKHEN TIE. mikix
P AL F BB S BRR AR, ENTR BB IR %

1.1.3  JEHM K

LM M 2R, WARIRIMABE &, a7 LU e A5 AN R R Fp 2

H5E, HHEALP IS B EIE,  THELRT LA R B LA S AL

AR S S A FPRSRE RSB ZEE (1 F 0 1, rTRA 75
SUATHEANZRIZE, RAEER, KER. FFAES0A. Bar, B HF0HEN—82
e ¥ L

BRI L — B AR BRAIME 5, WiESE AR e . AR, FEABRYE5iE
AR, SRR TR AR o XM LR SR S R R G A N A, (EE
Ak, A5 BAGRRAEAE, KEEAS, FEr N HEER% .

LW, WA R HLE I 2 5, THEHLAT BLo ok & F - S URE - 5L .

LML, BIE ] O0 P — 5 1) BT e v a0 T ML, & — R B s e — A
5 3 AT 55 1T A T PR s N R B R 25 4, AR AR 1 AP AR T . & RSN R A S AT R e
AREVE S SRR PR AN A AT, (B EMIThRER —, XYV HRRBEREN R 2. fln, 4
LML RR O FLAN S TSl TS R E T FUE SN, AR T8 AL ams .

AV HE SAT WA & F TAERRSE AR RE S T 0L, — M AR e FE . BKm
AR, MO T LRRFF A MANE & Rt . SERWSENUMLEL, A Tseal @ mdE, @At
HOLMS ML AT ENER 2. Mt & .

AV HLRE N e AR, LN AVERRRT . EMEirReR. WML HH SRR
[F RN 5 P RIS A RKZEMN . BATFEAAERMANAN &KX EEE)E T8 5L

SR AZ L R G B BERE ) S E AR TE bR, M/NEIR, S B gEAT X 4, SR
(1038 v SEALAT BASY Ja tn R LK.

(1) AL

WEHL, WABFRIENL, RVFEPSUE T TR RB B NARE 2R L. B
BB X AL MCS-4, 2 HEEM Intel AFLE 1971 FELLE EHRM 4 7SS (Intel
4004) AFEA, FREIFIGINAE M RGN/ O E R . ML, Intel. MITS #1 IBM
S0 ) SR EEHEH T SE B Y oL o

W ILMAENE N NG R EAAL. BiCA R, — AR T4,

AN E RS AR R VU E X AE T, RSN R T RS A S s
T IO R 2k (Bus) 4544, BRIbZ S, ALFENLRGE R, A, W&, ByEfE
78554 i, HNV VSRR, KBS R, S8 KAMKE BB RE AR R T,



(2) /MRHL

NG A T RE SN S 0, DB AL M RGN, B0
&, nlSEdES. (T4 RUER .

INRUPLIHIIEAE 20 T2t 70 £ 36 [ DEC A& e PRI — Rtk e v 5= i, B8
7o AR Rk R R —R 2 . R ENVZaB TSN, e BRI aEN
FREGHEAAGR N2 Ha7, ERiDRPL N8R 7L T B A CPU, HR
FHAS R RRCAS B UNIX $58/E R 40, W4 b i () 2 MR 554 o 161 PN 6D Ik 55 4 sl ids = 15 7F ks 75
2 UNIX %528 F AR A /N L

ANRIHUR I R 2 BN, IF BSKT B & AR RS, Wb PER4es. Vo
AR RS AR B0, — A2 M AR . 558l Al g5 asA LG, D BUHLIE H
£ % RAS (Reliability, Availability, Serviceability) 451, Bl: @ waldEtt, tHEIHLATLL 7x24
FRETAEARAMENL: @ mnl e, SR &0, AW, RERBESIIIMh
BEUR LA A5 WU () CRFFRFELIZ AT,  H A& SR R 2 g R IR vE4E B S5 ThRE: @ MRS,
RESE SN RS 0T, RE#f e O R AR B, JF eI MER G R s & .

(3) KA ;

KEGHSHLREARARINL, —BAE I KRB e r e Mk 55 4%, BHLHABRMARR GEFE &
HWEBJLFK) G4

KAWL A& AL PR 2845 2 45 (W1 IBM 22 A i) Z/Architecture 424 CISC 84 %), %
FRRAE R SE (ln 2/0S) Fi& IR N 44 Cln IBM DB2 Bl R 40 ), il o AT 8 s S
&, —BONBR R BRI, ERABANNAER R, R&BUaEmt:, et ®,
RESCRE KR (R B E FH v SN LECE RURE Py, LA SR B A BERE 7, (EORTIHLI M i B B AR
.

KEPLER TR/ FEEEK i RAS PERESL, 45 AR T 1O Hdi (0 ik 2 R AL FE 83 45 4
BRI . KRl id & AL BE 88 kA @ E AT VO b3, —A VO il fg [ i 4b 21
£ 10 A, il LT VO W&, KRR b8 b T4 8 diim, 8 ReORuERE HE i e
B, KEHLIN R RAS. XA AE S VO PEREILIA L HLAL AT IR 2% 2R ANREDTEL ) . KIUHL
ROFE 5T % (1) 20 AT 45 I BE R I H B I AL R A 0, JL7 WL ) {1 L Ah 28 R R 55 2% . K ZRUAL
VO fie Jyoi, TEACHERREAE R Vs, RIS E B, RS A W N ] BRI KA, RIS
HAFC ARG RIE: MIEIZB 1L AR B SRS Al KR ML 2 A o

FRT, e KEHLIR Ak 3 B4 £ [ ) IBM F1 UNISYS 2%/ a], v IMB 24 & 47~ K
RIPLRS 5 LT 48 T 428K 90% LA L Tlisa @i, -1 2005 4 55 v 7R K #2588 S ETML,
FHiRHt —& IBM eServer Z900 K BUHLA T FEH . RBIHLE 3 W AE AT UEZF R % X
Bilbrh, $HREARCEGE N MRLEM <M Fe S SO w2 ZR N g4 . RE
ARGV EBREE AR 2 R S5 AL RE wr kA = KBS0

(4) ‘g FML

BRTENL, RN ERYL, AR BE7. SRR, EZHEHUE E B
F B AAARSS T A Ak, B A KM SRR e ), B AR
VR BRI KA AR R, JFICH 2 R AR S 5 B T e 5 AT RS

BRI EHUR T ENLIRDhReRSR . B . e RN 2L, 2 TFERK
PR SUR ARG AT, R ANEFRF S A, e EK e e, St S R ERS



HEBREMREN, EEERER BRSSO EERRS.

NS RBUHLM EZ X AR,

© REHUEH L a2 REFEEME RS, mudB St SO0L A FHE F AL FE 48 &% UNIX 202 UNIX
¥E &%, 0 Linux %.

@ KAWL KA (AR, MR HIEKEE T (BREHED.

@ KREIWLEZEH TR AU, WwRTREES, B EIUE HTRm R M, 550
A [ By R S TR S5 4R

@ KREHLKEAEHICREEAMARIL 2ot LR tE, AT NS HEE &6 &0 . M
Pt HHAE KR AL EESS, @ -G, AR KRBLE K.

RN E @RISR R LA, — BT P AT R A%
g (HEED AT REMFE . B EHEN— A HEEHRE /0 %%, kil
VO 8 ERRTAL, — MO /ANHL, HETEmLLEE VO 1145 . teAh, 10 K% —Fhigss il it M
7%, WRMH B A uRHL (R, ANRERRINLD S8R UHNIARZE, VO ¥t P Kbl
SERG,  IXRR T TR BB R o LR 2

DB RGNS, BACHIB U SIHLAE RGEL M TEAF Rk, T 2R A A 7 T SRR
PSR IFAT AL BRI AR . B, — AR R 2 ALK, FLACEE B8 B3 T S H AL G nobr 12 Bdi 4h,
ST T )RR R s B TR SRR . ZIREERAE. BRI S5 k2 A FE AL
WA AF2% PRIEIEST. IFTAFE RS S 2 Mot R .

T E B HUHEIIF 4 T 20 4D 60 B4R,  ih B R ARAR K ¥ 2 S FEBER EHIFR
N E BN “HRm-17 F 1983 4 12 A 22 HigdE, HREY%4EE. HAZ FHEIE =4
ratERE T SRALBE A = [ . b B BolB O S BT 60 &, RERMENH EERER
AR ARSI <RI RN EIBETT RN “BE%” RIGBEIHHEL. LieAMa &R
M REIESOESE, A AL TSR A

ER, LU AL NEIHL. KBRS SHLA R 20 B2 — AN HR AR,
HoRN o bRt S B BRI AT R i R A sh & . IER vtntt, Harmmssipl, Hitsrka
SRVFH S TECHERTI/ANRINL, EE BN, FTEZE, BAE EREAR LA R
PLIIZE & TR REFE bR

1.2 HEHAEENRRE

121 5 - EREBARER

WEHLRGAE A —ARe08 0 2 M b FAE B ek T H, A2 g b W A J A (1) (o) f: 58
= (R BRI A BE AL v AR A A B 5, R4 TAE A A Be v HALRE
A5 BT AL

X L3R YA I (5 FRJ AR e T G A A L DR O 7 A VR S i [ 2 — v %
FER T RIRIER LS 15 - #HK2 (John von Neumann, 1903—1957), 0l
Bl 1-5 Fros. i« HIKEFE 1944 FIMA T EKEZEJ ENIAC (Electronic
Numerical Integrator And Computer, Hi #8851 52%) HHHALKHT
I H o fEMEBTHIZERE B, AhdE 1945 FHREIFART —NEHH “LEiEFE
B1-5 & «inike Pl B A EHL” 57 %——EDVAC (Electronic Discrete Variable Automatic




