g + = »n =

i
=

.\ Yale N. Patt (RssWik*# )15 k) ]
(%) Sanjay J. Patel (aigpx) #* b

introduction fo i
computing suste[r_lg

from bis & gates o U & beyant

Introduction to Computing Systems

nd

From Bits and Gates to C and Bey

Second Edition

AT

China Ma

‘\‘hh‘ﬁ%i

ne Press



PR GEHEE Ot Bsisemn

ABAFFEFAF (VIUC) 0B ERITHHNZNSARMHEHM, (& E5Donald E. Knuth
FEMEETANARNRIEE Yale N. Patt, ZABHBMRIEFEE—FHNKLRIIMME, HxH1E
MBFH—NRNER, HUEHIRIEIT T ERMER,

ABERAATHNE: THIERSH. BRESHRERRENLF. BRNETLC-3KRLEN
Migit, FMEFRTLC-IMMBHRELFER, AMFEEMRERES EFHOER, FB%ATCE
BIEARE, FRAT "EHRX" MEROLFERTHE—RAEE— VRGN, AFAEGL
HRIZEMROMIA, BE, EFIFET, AXAERNRHRBETE. EEIEINE. BE
DARMELE E N BT, SREFRN), XHEIHEESHRAERMARITL. &
. FEMERENBREGRAMIES, BARNBFTES TR THRT NN IBTE,

ZHl
gAHF
FHEHE
® HEM EMER. MBEEMMOSRNEFXBMHTS, KERIEHE. BifFS. SEEM OF
XMUX, #3E. £mE. T9FRS)  BREEAXERTRIANG. 25, EEHRKESN
2l IR A REL. ERBEREM. —MELMITEN (LC-3) | MRLC-3fHEM
THIES. CRARFRINES. BA%. BREREANELN.
et A:. NSE—PREFH, RERFERALCIWER TRAIMBEXMIELEA. EEAM
e, fxREERGELEMRZ.
o LC-3#lE . FIXBM— N EELEEFAIRELC-IMNIIR, XB—NEIHLEFEFTSIT
FHBRMEH TR, FETUMNALMIER % THLC-3EMEE.
e HigHEF . APLUTREOIE, HBENETHRFEEHMNEE, FBIREN DS
HEIRA T HNATRIEN FOE. TREEALCICHAACHREFRITES, REBBLBEE
U, X EARRIA A RE SRS HEHE.

AB MG LRE T FEOMBIEMBIRF R, HRSGEBAREBIhtp//www.mhhe.com/patt2 T,

fF MHMBEAFET IRME 26, BiBEARFERALRNT & LN
% Yale N' Patt SRBFSHANIERARR, HRIEEEMACME T, BREH '{ ‘
G MEAEMAMEEFTERIALRTRIZIEEE Emannuel R. Piore32 . IEEE/ACM Eckert-Mauchly2F1IEEE &
Wallace W. McDowell3, ZE34% HTEHBITACM Karl V. KarlstromZAHBERZ . BEFEHHS B
HFERE
1 MAERRAFIHANMZ S TRE LS, 2RISR

SanJay J. Patel FREBA-HRASSKETFSHENIRARKR. thoH ﬁ
RO OISR HMAREN. HROGREN, SHENTEIINRSS )

2 LRIES. AN HTENRESI
F Education ISBN 978-7-111-21

AL (010) 88379604
MBI (010) 68995259, 68995264
JE#{E#: hzjsj@hzbook.com

4 B R B //www.hzbook.com "
9787111215561

\/ ® k94 - www.china-pub.com ISBN 978-7-111-21556-1
——— Ef: 49.00 T




o' #u B 2 A 2 _MN

R ZR G

# S
tel (74

Introduction to Computing Systems
From Bits and Gates to C and Beyond
Second Edition

BB T b RR i

China Machine Press



FHRUEHFEN SRR B . 20U R L7 2984 A B AR FLAL F Geh IR
B, WEm MR THENRREN, FEBO UM THREIRERGRY %%, BN
HRERRIRRIGER, HFTH, O EFSRY. LHRET. HAMMH, TRAPESF
MTERF. CEZRBENSE.

FAHE AR SR LR AL S F A8, BT AR RS LA +F
L3 daok 2 VikeN

Yale N. Patt and Sanjay J. Patel:Introduction to Computing Systems : From Bits and Gates to
C and Beyond, Second Edition (ISBN: 0-07-246750-9).

Original language copyright © 2004 by The McGraw-Hill Companies, Inc.

All righs reserved.

Simplified Chinese translation edition published by China Machine Press.

A5 SO AR th 3 B 35— R B AR 2 AU T HARHE AR, SR 2B HIRR
EBEBEHAT, FEUETHREWRDEEBOEME
FBHERAHMGraw-HillA AR 4R, TAREH B,

REEATH . @ABE.
FHERME AR RARES A

FBRIBIZE: MF: 01-2006-3131
BHERRE (CIP) MR

HHOLAGERE (RBHE2UR) / (£) R (Pare. Y. N.), (%) RH/R (Patel, S. 1)
¥ REIE, HAEB, HRE IR SURTL AR, 2007.7

(BB M)

54X : Introduction to Computing Systems: From Bits and Gates to C and Beyond

ISBN 978-7-111-21556-1

Lit 10K O OR- O%- O N UHEHRL-&H V. TP30
hEARAE A ECIPEERF (2007) $50822648

LR Tk AR 3 (ibﬁcmmﬁ&:ﬁﬁmﬂcng B4R 100037)
FEEE: £ OB

AEHMERERARATNR - FEBELRRATHEAT
2007487 3 55 1R 1R ENR

184mm x 260mm + 27E[I3

EHr: 49.005C

ARaES, wHSR, BR. 687, midRamniEe
FHEHHL: (010) 68326294



Donald E. Knuthe: §3%Bottom-UpgJit iR

(4% 8 : (The Art of Computer Programming) (Fascicle 1: MMX))

A LB HENBRIEE?

WHRETRMBRARER: “‘KnuthfEHFRMIXH &, HH L2 T-ERT -MLBIES,
TARENBRRBIETR? WAEDHRIEMLACRETH?”

RFFXHAANIEERAMMNGERY, BNYRTULRBEIBHIBRNABEEH
FA, ERAERRRIE20HE0E R EMABEIEFZ R RBMUA.:

FHEMEZARZ—R: BA—ANHESHEILHE EMRIHH, TRRRXE
ERENG %, RPFRNRHNEHEE. SMHEXRNBFZ AR, MEh, ML
BoER. WHESH. radix®H, BiBHE A4ER. BAFAE, D-—FHAREESR
Lmigik & (HHREER L, bottom-up),

EROES, BEAFHRENEE, FEL: RPZRELHRHXBBY, 3I%ikE
B, REMPEFZEATRELNIRER. TRREEFENTERENHLLEN,
BNE HROBFBRE “HAKDH .

EmBRHR, KEMEHTREAFTRANRHLRBHRY. BETEFLGHE
RAEHLEN,

—SEARDE (MHFMER) EXTLABETHESH. Bh, RAEXHEAERIE
Bttg®, EEMNHRSH, ERMATHCache, RAMA/NET #1048 B BEARH,
WAFFREE, Kk, £% (multi-issue), FIRFEM, Cachetii/hERE. HH, TES
FENTMBFZT AR, MTGIES RSB % 2 Bk AR B A ELaR

© Donald E. Knuth&¥ £89 (HBHLBFIRIHZR) (The Art of Computer Programming) —H#ItE®, LAT
WRBH LB —% “MMIX” BRRH B, —FEE



BIRE OIS

HEFALUM, FERKOFERMESHRAEARE, 55 EREQRFEY
ENGURIIE T MRS, BIERXHMEL, EXAEEBERRRNATSENL
KEH, BGRE, EHLEOERS, XENP LR SEERSRGBEBHRL &, HHN
R Y S R AL IR S AR R RATER, kTR SR, O
RTHEMERE, TRETERORE, BEFELANE, XaFEEME, HOMEHTS
B4 A I BEA OB .

A, ELREBARMOESNT, REWHRELSLRRRBE, HELALHERA
@8, XX HRNEE R MHERAERIE, SRR, Ti¥ L EH RIS TR
LREA¥ERE. ERERBEARBRHAEE. MARKIWART, REFREEK
R AR E R R LTEARENLSAEH DA SEGELE L. Ak, 51#—#E
SMER H BB BHBRE AT RLOZRERROEDER, BRESHRER. &
BREMYR—RRENLHZE,

HUBR Tk AR+ A 3 B SO 1 BA R A S R RIRE “HIRE DB IRS ™. 819984 T4,
HRATRB TR AR TRE, BREESMBELMN L. 2FILENTRE S, HINE
Prentice Hall, Addison-Wesley, McGraw-Hill, Morgan Kaufmann®%itt i3 & AR A RIEY T
BAFRIEIERR, WENBLA AR FrEcb o 8% t Tanenbaum, Kernigh
Jim Gray ki AK M —#2HER, LI HESREAS" hBHRER, &ﬁ%#? i3
RESER. REALEOHE, BEKILTIEABHAMEE.

“HEHLBHEAS" BHE TGS TRNSMEEOM LY, BRHERFRE T+
BRBEES, RS SHRET BFMEEN T, fIRBAEE RS TR E
HEEEE, AOEERARBAFERMEE, €4, “HRABEAS" ELHRTEE
S, XERRERETRT REG M, FEFEERRAAEREHSEBE, »
H—FH E5RRITT T RKMER,

B F PR IR M SE BB ek R B BRI, BF 3t BT LB % sfofn B
FAEEA—AFOY B, ik, EBRATSMASIHEMO R, £ EREE" OEHR
ZTHBEEARFIGTEAES : B HHENBZEAE" 250, XREROE, WHsmIF
BEH “BRFRBE" o R, S5IHELXBITHHFHIH “Schaum’s Outlines” RFULK
“ERBICEARIRI . A TRIBXZEABROBRYE, R84 T ELF 0 E R FEIG
RS, A TME T FERMER, Lk, FHEA%, EHRERE, TAR¥. L
WRORKYE, BRA%E, BHIK%, dEFHAY, BWRKLILAY, AXZELYE. FE
ARK#%, ALmMZEMRKE. LREBRAE, dIIRE, BEEETAYE, BMKE. #
AET#BE. F EEKE B XL MFIEF.O % B EAKRF PTG E R & ST
MELFEAR “EHEIEAK", ARMBECEEE LA EE.

EZRMBRWEHF RO ERSMEEM SR, HEARROTEILRAEXE
B ESITEN, XPFLBHENM. 1. T., Stanford, U.C. Berkeley, C. M. U. R




\4

ZMKEHRA, FUEETEFRT. NBEH, BIERE, HENGREH, KRE.
SIFFE, RHTE. BRE. BRSNS, EEEESENKETRIE ¥R RS
DIRE, MASAKE—ANHBIESRITEZT. AUHL2=TERAE. ANEHs
HRELEF R M. X5 A S AMAERES I ZT, 8L BET RN 2D
ERPHBETAZ,

MRS, SROBH. —KFE. PROTE. RENRE, XEFBERINN
BHATREMRIE, ERNGBFRRERIE, WiRROELERLRILEIX &R AR
MEEWE ., BHOHRRRBINEEIRS LR, H£RA TG ZIHMiEEHRINGT
TR WKL FHRIE, RAMIBERHEMT:

H1FlBH:: hzjsj@hzbook.com
BRBIE: (010) 68995264

BeARMpHE: SERAHERKE S EREE1S
WR B4 : 100037



ERESERE

(At R E E )
A
HES
ES 1
[y 313
FRN
$ER
£ fe

LA
Z#k
¥
) 2%
ELES
Rt R
L

FEL 3
&
eSS 3
o REES
£ %
EEL
WA A=



A
® & F

FBEOBWELELTRERT, ANLBHFPauBBRMERILBRNBHERES. RE
FERARFFERFERSOU LR, (815 MR X 0% A B SHFT X%
BEMSRRENRESRILM ., ROVLEESHBRBAELENELOEEFR, BE
FBFMERA “TRE™ MRS, (EETRAMHLR RS XHERANAEFHGRIEN
B,

PattiS ML T BB . AR U RN HL BB, (EAHLLFB, HELen
“first love”, & F 7L RHLE R R b 09 STHR B 7E 1 SLHUPHE B0 75 T A B % BR AR AN R0
HA, BIEEEEARIEAY (5 GHIENBFRITZA) f9fEFDonald KnuthF 4, £
RAAMMIFAERFRS), PanBiREH NG RENRREP 5/ —B20L: BESHE
RAE G ER Y TWOSRES (1965) ; FEMSHHERIF THPSEH (54 THHR. 3
AR, AN, BINREELTRAEHA) (1984) , RINTELH “FRABHHEE
" g4 (1991), 19964, {bHIEEE/ACMEET “TEMUCHE B4R (ILP) fuig
FRBREHSURAH TR 2. BAVEDF I 7EL 226048 17 b i HHL R R BT B A H ik, LU
Rt AR BRICIFRED (ESXFBOME, MIEERRE “20094 MR LR 48
" x—).

ARFBUERLPOEAFARTRERBFE. FEEEURAERRE T AHEER
R, EEMA T XHRAS G ZREERR, B —ERFNNEHRIR, “— R
FBEMERZEEFEMEARE". ““ERBEABRKE" ZHERA. RITMBLEE, &
B hWEES, B0 (F—85) HANRUENMAREE, 5% (E25) Wt
CiE=.

ERERSNES, EHUFROLC3HLE (HHILE) HFR, MR THELNES
HRAEH (AEHE, HSROED, 10) %, $AFUEELCIHBEMICHB L
&, REZRACHLBRHH %,

FEMEEHI VR TCESAR. ERWRHASEFNCIETRFTLTR, BEY
ACIEZER. 5. 0. BWERFAFNREN, LAN0RNMIA, WNETXEEHRE
HTAEREBANBESHBTERERES. HF, BRBSRMIEREF A8,
Ik B AR AR AT (SRR BOMIAS ) AOREFIALIN, 4 RO A R LRO B 2 A gL
SRS ORITE RS, Wb, BERFEEEINABERAMNCES S LD, &
BAERIRRCIEFAIEEMN, TR W EIRE, Hanoit, HUFFRMRIKMR,
RREHRTCEERBNHESR, HIENARRER TCRESNHLAERE, BRRBRHETH
EERHRG, BFERORABAEA. JREONEENLS “BR° AE. BEMEZES
REW, FEFHFD, RBHRENLAFELARIELEHERE, WEEBHLETS
B FIMIAE S, JEE T AR 4 S1F0 B # pbis B4,

BZ, BITAAFBHRERR: BA, B, 2. B, BHEANASRELAK,
KERAIEEAR IR (4nx86), (HikEHH/E, HEICIERAFMR, K—ELHhLd “—EH



VI

B, & CEERT 20, MBASERBHABMIEOAMRTM. FBEL 4.5,
6, 7. ISERHFARRFIEME, $2. 3. 8, 18, 19WAMFDRFS| 4 AMIE, B9,
10, 11, 12, 13, 14, 16, 178MHKRIE, WRBICHEMMET OR, 2BHMRMES
B, UG R St 1 A S B MO ARELT S B IR L, R X R FI
S EYPTERMB BRI, BHMEREEAEBHENFE, SUERAFHL
HICHR, RS TBIEEMNS h. RIORT BAME, RESFBMER—FHH. HET
REOHR, mAREMEIRZL, SORSMAIEE, B/E, RERAMMNK & B
iziba

# &
20074E2 26 H F L X X



K

REMERAFZEEFZORAERR, FRAZ: —RREHLBEFHBLR, —&
BHHCATHR, SHFRRESRARRH XM — SRS OB 2 T E LB
#. Aid, ELEREXEE, RELEZTIAMK. LELEL—EE, BHL2RT
RAMEBAE S, i A AEH YR K F BRI ¥ A0 = 4 A H i H B T iR % —1EE Yale
Pattfyid AR GIRAANE, BRHE LERBRHERN 4 BN S5EBHE—FLRIRN
TRAFKER, ERFRBAUTNAEEMESHAL LRSS, EFAEER, RiEF
HETET.

Yale Patt fEX EBERKMAEN A REWLREEELE, WIEEE SpectrumBih%
EHEHROEEHE) (luminary), EXRETE T IHRILAREWTRE B ZHRMA T,
EE (HRRGRIL) THRRBERRIEIT AN LS AEM B, BRERSHus K
#, MBREMAY. XMRE. BRFEKRE, FRERTEMR, FRIEFKEMNEILA
HERATH RN RS .

FHE—FERMEM LR LBBAEEN, b EETRNEE LERI.OMGET
FERZINR, HRA LR B AR R KM $ BB R R ARG 2 —, R
TEBEFRBERPHERN, KRS TEEOMYER MBS, UEATHXIES
RN, EIEEREEN, HRN LB AT ENURAR G L4 i bt

WHFRYTE XA BN 202 AN HERK, EEGEA AN — AR KA
HTEM, BiAMRIEARR TBERA REXM —KEMHURMEL —SHXR, TRBITER
TR HEAETH, ZUERET T, EHEH—ORLT, -4 Vel K553 T35
ROHRERBHT . Gk, THIFHMMENI000%TT, GERBIERS B —HER
WEI000£TE A%, EEREKHA—HERMOB, KRG, TRFRTHOKE

Hakdn B4 T @4 HISK 0.75% A
Fok B A MR RN BA: 999254 A

—AIER BN ARG E R DA, TRERESLE S L E-DAAR
L RRERH R ERORISE . XAGIT R BEENE A BRI A BE

SEMAMERTRE, ABANEEBARIBNARFRRBFRINES, TRMET
FEHURE O TR e 5 A BT A58 BURR A AT R . BRI RFMG, WIARIEICEY, Wil
HIRBKIE ST A, T RREELE A5 HIBAR G4 5], A B A BRI 5 S 1
B, EARE A — AR R R IR 51, (R R S B AR
BAME TR, MIEE, MREEIIN B, EEMER, HAEENIH RS LR mE
TERGE, HRHLRKRIF S, AR S04, BTHRE4 TRRRSIT LR,

AR AR R BN B HBES, BN A3 EEEHERTUS %
EANRK. B BRIORES, TR SROEE, LA BRRIHRE
FIEEIBARE, BRBRFRINESNESR, BFIIESEEH (SA) ik, 540%
& e, W B R B B L B A AR . LB BN Bk




X

HYGHT THRANER, T AN 2 BEX SR REA X ERBFHRNER. X8
ENKENBERBRRY, XFHBRREROBSR AR T 2 4E 0 T R - R,

ABELH ERBEEMR HRA L, ER TGS FBERGTT HESRRE, N
BTG, BRI, MER. BRMEMMATE LIS T TIRMAGITHE, EiEa b
B - P SRATRRRTHAN. HROTHR—EEOLCHEN, AF EABREE,
HUHENCHEENEEBFIRIHESCHITIR, EANBFESNEMRBLNMLES
RERMEER AR, NTE¥EERBR EEREFIEE B4 MOERERK, &
WRKE A Z ANA SN, TLHAOKR

FEMERGRAZH, KPEAFEEWNHE XA TEFH:

L ERARM K, (AT RIKE M REMA I EM, ERAEBRE. BHRER—A%
KMNEEFBLBAE, HARHAFRBE—LE0E 20, R THERL, %
RAER, ENSATERS. SROBRMNEE,

2 EERA: EARBEEE LA S, EELBEEE. SRAERE-LNEEL
MR, EALABKT10.3, 1049, F16%, FI8HAP19%, HAIXHAHFHE—
MR TN, ZSREHRRERR R AENE, BORAHLMRRE,

38X EXEESHTTEUANETMBFRY, JREUNEFRBRSRE
BESRERABENE RBOSH . IHERE— N EHEEFELBANY, @
BHRIE DR HAE AR e R L0, ZBRBATHREN S LS REE,

4. A WRFBHNES AT LML, B R PUHRE 1108, ET¥M
BEU~198, HAZHAER—ERTEUN_ER E¥H, XREREBNHEML
HR.

FRERRE. RUEHH, RNAMEE, FEENW. XLKY. EERE, REXTIAA
B, BABT, ABBIIATREMMBALR (LR, HFLAKTLIBEERTRERX
B RARELFBEHE), ILABRBIFREZ—FHRHHFS, TRER—FURA BN
K E/R, FE 1 ADonald Knuthfig, B “—HEGHISHK.

A ANBIUEE A BRI HN Ll 09 RBTA L A BRI GEM A+
EEFBE, A TENREOBREREH A BHORR . AER, RALKEM,

E L]
2007%3A28 F¥4



B2ARAIS

FHEABURETESCHENEX, WARIIKE TAREENEMORREL, LT
FAMRIRE BPR “EmL”, XiERNEBKE | RAEVSHRFBHEUR, KELL
ABAB— IR, ZHLAR, REAASBABREFBHREHE, LHARBRIUE
HIRIRE BEK B ¥ B —BMRE—ENAE TEIE ($4) MEZMRLE (80)
FAEBFE BRI, M FIE-mail AL H 3 A B OTEG SRE .

BIEMABE VLR RATRIIN, FBOMEERT R, H50, ERZRENE
B, BATHKBIRSRY, XERIGEHEFEFBERELT, RIVERBFTAXLFLH
BHREEN. i, bTFEURHEERMTEASS SIERE L TREUE, HEATHR
EHEBURBHAI )T . BHRAREER 2P RUHBEAR GBS, ERM G 2F AR
SREVRMEOWE, HMERRTEIREN KR,

BiITHE
Lc-3

FRBABF Z—#AR, RALC-3 (Little Computer 3) £Zt#h# T # IRRKHILC-241 3 8L
R, khi b, FEEMRE TLC2MEFMSE, B—4 B FHAXHEEEMAXBOERY
ISA, 4 IRRIGI IR, HhRIEMAAG, EMBOT—A24ERHN, FXE, T
BFEEKES (RET) BALC209IMPRIES MG, EWELCIH, HAIBIY TRETHA(E
R HRERME L, ELC3d, RATREXLT ISHBED, HET-ARTFRREH (R
WS h & SUX AR IER)

ik, BAVMKEIEE R3PC-concatenate FHBRMMIL, HRRE X2 LB ES . %
FHAEAARE T 20842604 48 HIRPDP-8HL 25, [IREZRBLLE 231 7T MY — K AE & DR F—
T (RZAT) Zhte XA FBRIEA A, IR THL R B H IR B R 4.
Wi, REAEUBRARARRYLEFHAM “PCroffset” HR. Rk, RIVEEURHITH
i “PCIRE (offset)” Z4b, #FM T “PC+SEXT (offset)”,

B, FHUDRIEL T B

< REEHRSHEOMA K (FAREMKERRG).

» LDR/STRIEAFHIRBEOR T AMF S (B 7 LA Foase ik M mAT, W/ERE).

- BER 110 RAEAKMOE Lo

« ISRAMPHIRIERDH T &0 ah .

BJE, KUY BRAHIGHAEBRERFFR (Processor Status Register, PSR, Hraa

THEEK TR AR FE).
SEURAAR, 7EHFARALC3EHM R,

TFERE
TR UM |, BRULPHFH G T RERDOBE, iRk —t,



X1

e,
SRS TRAEHAR (1) AXMRAEHEEERERIEGHR, (2) Bl
Tk 2 AR 1.

S HIFMINT N, BN XA RCR SR GUFIF X BB %, BAX SRR
T E RN HALREE (CS) RN TR (CE) ¥ilb¥4 LAERMHMA, &
EMIRNE R A BT PR - P SMUOEAEMN,

© BARFHIT HLCIMEMRER, HXABIIFMERRS LHFRC,

CHSE, HIRERBARALE, ERBRIPENT LR, FIFHIXEEER
SR A AN .

- BREMP 0BT A X P U EHLOM TN MZ.

BU~MERABTCEE (SEUR—H), TRZLR, L EmERBERED
FHERBEOEFAE, TRDLHENEEELELRIMIOZE, E2BEH
HEER, FiA XL TELHHT.

H5h, HARKA “UBRRIES) HRRIAREEA, IEEHIFRTRH 2H5IAM

CHEMFILECHRE MR LUATRIEME (XA 8 Titd KIFERARIESMRIHRDZL).

* BURREHMBFOLCIWMMN, FOMEERE KRG+ TR AR,

« BISEN BT A XMRFDRATRA i

- EHNUFOEE . RIBRERERNBE, RORERS BT M EHSRA R
RINUF. WTIEEETERS] “BIA7 NE (HAEE, BAREESI7H) ZiaE
EHHERBMEBCIESOREY .

Pt

$FXFAILC-3554, Brian Hartman3tJRSERIWindowshit ] % (Simulator) T IE,
Ashley WiseQhUNIXFERME TLC 3 A%, HERMEAMBERS, MBEAT “hMEK
O™ ik, BAMERAEMGEL “ERHF EADTRRNKEER. 84T hw
BHVOTHREMITFL, EMLERETLURE IR~/ HR, Nl RERA PN~/ EE
SATHIRRF, U8 I BLAY o T AR 95 72 A .

FEWERR &

FERURFLMRLWFEGOAITHN . BRITAD “ARA L HERWHEEBR
BAHHRBOBRG i (BEREEE RS FORMILR), WLMBREY, Sy
RBTHENRETENRBIHZ)E, SEEMAR ARG T REEERS S, BEHR
REETHENEE, TH, XEXEFTRBIEITOHEL “ERR” HAL “i2ek”
#, BA—DHEHMEMHAAAN. ABRNNMERE, AE0REERT%EE, FiR—A4
FHOFEETRE, RERTFHMIRE (WRRL), MABEOHE SRR LM SR
HEIEY, WHTNAPFRHUOMNA TS s Tl R R FE ARESAAEES,
W5, 17, ISFII9RMANA LBk .

B, EEBHSHER G %R

© LB FEEhFEETIRE,

F—MHURRE—ERE—FHAS TN ERER, KTEEFBRAOER L%,
TEH—A/MEW, VHREBHEI1~103, EFETANNER, BHEB1~198, SROTERL



Xur

He, (BLERA/MEN (BI—28) MRTUVRTEABH (HE: —#H (semester) 530
FA/NER (quarter)),

o RGBT HMELTRIME I TRE,

BRGEE AT ENE S RBE—FRE EYTR, FEEZMNE ¥
EfETE-RARBRESTENRE, ZEEXITRES, WELEINENBFER.
EFNURNARMCHESRESR BRI, ZHHRT, 20X ALHHT
#I%1~108, RETREUAEIAEU~9RN—LRE, UEREENE—THEBRA R
HEFRBH MR MAEREXRAN, K, BHLWH RN, HHick. BA.
T ERTR b E SRR FRE .

o ZHERUHEHARIRE (Sophomore-Level),

FHETATZHERE EMREARRTRYAMRE. EXMA, BA¥IE1~10%,
AMEBBREIMRC (LC3ZMEHMMBBRLI) . BERHUOL, FHRIBEHEN
REMTH—LERERS, WHRRE, FAK. BUFHSES, ROTNRZEHESMT
AEBRATEIRERRHENTREREEEXEE, GRMXBIXEATEESKE
LGRS 5 ERRIRET R, A B0 BT,

i

FHEREMASHAZTREM, BHGOAFHHEOEETHR. Kb, LHERY
Brian HartmanF{IMatt Starolis,,

Brian HartmanJt A4 LA fts 9 BUR S8 Fobk R & KAKSE D A B H R M H BE TR, 199644,
HAE B RARKF A —FRERAERES T X1, (BRER7ERFHIR £ IR EX TIRIOBI %,
HEMLEMRRBEI K T WindowshRLC-205 K% (R iX LR AT e i) . B
. e XALC-37 % T Windowshi i 28 . B, ERFER=E£E T, HHEREED
BRY.

Matt Starolis#E B4ERITEAUT (BBENTA%) —ERFAERE TIXIRE, HTREKE
HEZRBEYHH, EFBEXRNAEEFHETEEME, HFBRUTESEHRHTH
FHBIREE. fERITTLC3RBROEMFH, LMEZ SHRO B &, GEEEM
FHBEEAAZMOEER, BBRE M. OB EBEATESD.

BRI ABA KL 1002 6R %, RITEMBBCE R B 57 %300 Bz
E-mail, fb{{12 Vijay Pai (Rice), Richard Johnson (Western New Mexico), Tore Larsen
(Tromso). Greg Byrd (NC State). Walid Najjar (UC Riverside), Sean Joyce (Heidelberg
College). James Boettler (South Carolina State), Steven Zeltmann (Arkansas), Mike
McGregor (Alberta). David Lilja (Minnesota), Eric Thompson (Colorado Denver). Brad
Hutchings (Brigham Young),

ETRIEA, ARURHRLR, RERFBHRTIREE, HEH T —KHAN,
BARM B Hfnd g, Hh, BB iEKathy Buckheit, Mustafa Erwa, Joseph Grzywacz,
Chandresh Jain, Kevin Major, Onur Mutlu, Moinuddin Qureshi, Kapil Sachdeva, Russell
Schreiber, Paroma Sen, Santhosh Srinath, Kameswar Subramaniam, David Thompson,
Francis Tseng, Brian Ward, Kevin Woley, ffjLinda Bigelow, Matt Starolis, Lester Guillory
FAFHBRFE, FERCRABBURMB B,

Ashley WiseFF & T LinuxifiAfILC-3ti ¥ 2, AjayB# TLCCHIF &K =4 LC-3RMG,



X
Gregory MuthlerfilFrancesco Spadinixf: /5484 #IFERBR M THRA R E R, Brian
Fahs 4y 1R 66 T RE .

Kathy Buckheit% 5 TLC-2{ B MIATTHH (R DR RBIRALE),

MBAFERIA% (University of Texas) W R{HRAT 4, HS5RINFHARILMRE,
MECE# \y#JTony Ambler, Craig Chase, Mario Gonzalez, Earl SwartzlanderfICS¥ /Y
Doug Burger, Chris Edmundson, Steve Keckler, ZEM7&mmil,

BAVEELELERBHA K R FAIREEN], A1 Betsy JonesfiMichelle Flomenhoft,

BEIURLIR, RIMHBEREFREXEHMHFE, Rif#f: Robert Crisp
(Arkansas), Allen Tannenbaum (Georgia Tech), Nickolas Jovanovic (Arkansas-Little Rock) .
Dean Brock (North Carolina-Asheville), Amar Raheja (Cal State-Pomona), Dayton Clark
(Brooklyn College), William Yurcik (Illinois State), Jose Delgado-Frias (Washington State) ,
Peter Drexel (Plymouth State), Mahmoud Manzoul (Jackson State), Dan Connors (Colorado),
Massoud Ghyam (Southern Cal), John Gray (UMass-Dartmouth), John Hamilton (Auburn),
Alan Rosenthal (Toronto), Ron Taylor (Wright State),

BojE, EEBMILLLRE R M TR (ERAFRRBNOAETRR, R
S 1f9 45 ). Amanda, Bryan, Carissa Hwu, Mateo Valero, Rich Belgard, Janak Patel,
Matthew Frank, Milena Milenkovic, Lila Rhoades, Bruce Shriver, Steve Lumetta, Brian

Evans, 55, Sanjay (f#2—) BERAn Yeungti Rk,

HRiE
BRELF VRN EHOE: FHHAEERTHBTE, MARIMTRHESAEL, BT
HEERBTRR: p utexa ip uiuc.edu

Yale N. Patt
Sanjay . Patel
2003%3A



S1RAIS

FHARRE BRRAEFIZMEECSI0RE—X R ENEE (CS), HENIE
(CE) fe FI8 (EE) ZA%UmB— TR AERIRE, KRB HKevin Compton#ig
Ak BE—EE T1995EKEF iR,

ZBLAFFIZEECS100, RENZERTENFEE TRAGMBITANY, thiIMmER4Ext
HENERRSRZEANER, I, LENELEBRMBRER, 2RI L
TIRUERIRRTE “ZRAR”, HLIEM.

BiLk, BAMEI9ERMFAEHMEBHNBE, FANBEBRENBEHAIES
FUAF, EREXHEEHRT, LENE “BE" THEIOERAY, HFEEE
CERRT RRE, Al FBOHEBRE “ARMEL" (bottom-up): MMOSSKEF 1,
RO BERI]. PR, BFNERSN (AMUX, MRS%. ks, NEFS), RE
B AR (RAF) MXARG, BULRSHNLES. B, 180 BREMY, ¥#
AR RHLC2HAHA KR, MELC2UHBESRBMLRETRE, F2E, RIS L
ABWRIEE (MCEE), URBHE. 4. HASHS, 85, SIA-SEFNBREN,

H—F “/5 BB (Information Hiding) %3175, BRMNTAMBEXFG . #LE,
“BRRE BXRAMRERMESHES, BRITAY, RAERRERWAEEMT 22
Ja, ERRESEARARYL. BEIER, RMNTUSEIRSNERDEDRE. £H
%, HBRE EEBRZEM ML,

BERHME, BAXERAME “ARMLE" Hk, EHFERERNEA “ATE
T (top-down) Fik. #K, BRATNA “HTA T ERHHERLIER ERNS %, Eikit
PRANE %, SEEIRRAN LGS E, REETENEN. RER, HaERinE:
RRA CHTAT Hk (ARERITECRABRREDSE), MrEE (B¥IMBERT
B) ®AMIEK “ARMLE" Hk.

HERE

FHEAEAEHEMNS: —RUBIURBEH (LC2iHHH), “RERIEERE (C
EH).

Lc-2

ABOR LB RETHIVREIS ., AEBERBMIATE, 5 LABRERGEMYG
RIEEBFOREOE, MERSEMRLCK M TERR,

o 2R BET (bit) MEATMERSHRIE, DRALOLHIRH (WLC2IHE

HLRIAR) .
o H3W. FRBRIM. AMOSREENE, BSNEEMBOTATR, REMBRE

© AR “RERET ik, EEEIIFMEH, REdSERMT, —FHE



XVI

B, BEEELIbiL, HANFRA (FFRR4MB), Kb, EABGAORH BEFE
TR (LHERIR). B, WREMBHERNMARLBABTT.

o BAWFIPESE. N - P EMYRLC2HBIMARLEH. LC2R—/M16-bitkh
HEAL, BRD - HFSRMG— REXH, AU TN
- BAMDRESWEIORE,
= VA R Ve R YRR %5 I TRAPHLA,
EFN, Z, PERADIRMEBE.
= FERFERE L.
= EXMRIERSES (ADD, ANDFRINOT),
= &HIE (load) FIFERE (store) FHER, B, B, BAHRBMIMKSH
Bseht it EH K.

o O JrBMEY kAR E A I,

© B MBLRESRE, URBRNFROLC2UFABMICHE, FkE, BRIOFR
THMRALG AR, —MREWindowsEE LiEfT, B—MREUNIXES LiBfT,
WindowsiA&#I5 H BBFTLUAR L FHREMABAEER, RIFUNIXBRZ, o
MH B4R THRUNIXIRGE R, RELE.,

FAEERG BN HOHRNRMBRALC2N B ESALCACHESHENRF. BX
RESER (MNFRE. 85, WALESRE) . BEBEL TIHRERMLC NS
EERCRESERF, REEANRWBEEBRMERE 1~08FOEARS,

HELHEE, ROURTAE, TARRERE. CRANRBERREBZIPE (T
R—EGRE) WS, ZFUERTEARLRETMA, READEE “BRAL Bk
MmE—E, BiEdE, FETURRINCREEZNIAFFINARITE, #E, BEFTIOH
(ANFIHES), BRATERT AR, ELWh¥ET TECOBSER], SbMNE8ast.,

FrHCRES, TURERRENZHRLSN—F “KiF” RTHR, ENHFLERRE
HEHERMHE, FAREIREIFM, ROEHEACHE SR IESTRMBECIERIZ 0N
KRE&X, 4R, LHRIEH “ADD R1LR2,R3” BARLLHLERFY “0001001010000011” HAE
3202

o HSE: IHIRHEEEWRA (B&) Y (B7%).

o OB THERIERAMBANLE (TRAP), LR FRAEAAEENS ., $4Hky5

FALC2REHR BRI RIS RIF, LMELRETRAPH A ARHHLO,
< BI0%: RFBLEBHMEBLE, B UHBERF H1F, RRARBERNER
BAHS, R I ER AU TR,
Cig®

FETEHBIARRCETRE, EFRMTFCESH—RBNE, TR KA
AR (FAEZHEMCEZRBARTHR).

EAH—FBRIES, CEFREASTRNN “BRML" Fik, BACESREFHERE
B CBARERRT. @i E, RSN RAKEIEGNEOXR, FBNCIESEIRE,
HETRHMLGHED. &% HASEFHS, EEFLBRBHES LG, BRES ozt

R, WRE) WEIRRBHHEHENT.
XL RE, BAP-ANCEESH, RINBHA NI HHLC2LHART (5



XV

BXNWRIEEOLEER), Elk, FHCEMNERNE. Bi4 (BR. SHF. BHIE

MRS, e, B, B4, &, VORE. HABIREHTISHESRE.

© BUE. BRRBESNE, FREEE— M ERNCEF, EhEICIETA "B,

Hk 2 WML REAR, BEBTHERIESEXNEHILAER,

c 12, 3% XWERMCEINRENE. Kb, FREHRNE. Tk ¥ 2
HAEMS. FBURSIACESOEHEN, £, BRINVGH THREGTF, Lipxe
WM RIE M. FM, THHULC-2RE, VHRCIE TS 5IKBHLE ZRME.

© F14. MERRIESHEREHEREAS,

© 158 /HBCIEEM ‘R MEC. EEHHIMEATNAELREONE, R

EMR T FTERORR, wikaETHOEdR.

s B16%: YA #1377 BHARC. EWRZAFIMEY. BHiLK, BTHREEE

LN

o BITHE: BERIRAS. BARXE RS2 AR IR E SETHAFEHHTRA

HR,

© $I18%: rACIEFVORKMBAMY, ©IF: K. TEKSK, URCEFELTEFH

“#R” (format specification) {ZHIVORIKR (RHE8E),
© 19 CEFMBL. HEHMEH, HENFLRIBRENS.

FHEARABEHJEMENL, FHEEEFRFORBREG %E, X—RERL
FEABHEANGIFRG A, @ X G, TUMRDRERF A EFREHRAER,

BAVERFERPRI, S KR WERETR S, KILRIEHES. X
RFREFBHFEHEMER, BAZABINCTRAFOBS RGBSR MBS,
BLARE TR AR Fd i 2 IR A2 5

R RAEARBOBA. B3] BRT BSH, BR C$E° FENERMIA
HER%, m: FRFBAAAEBMNOKEL (510%), WAL (calledfcallee) MFME
(caller) ZRIKIBEHESEF, RESIASHTMIEDILR. 268, HEFAFMSRILE
BHT. BuiEit, mRIFEBER A RBEEREMS &K, Ba—EBKAA
EHCHER (A#H) BRTEWRT.

EBHBEFE

R EMFER, RITHAT SHEFEBNEES S, TEEESHEEIR,

(1) waAEXFHKX: EZE, ERFFALNETRE. ETHEENTEDIAMG
WRT, RPHRLBAR, RNEAIAEASIEAMET RS, RIBH

W%,

(2) —#X: B—TRE, THRERSMA. DARKHUMR, EME/ IR, 0103
i, 104FLARSEI6EE (1), F18F (CIETHIVOLNY) FI19%E (MWL),
(3) F=Ns X BEFREIDZFHBERBRENT, WES—TRBEES] “HRX

KRRBEE", ARESMRPEIFH, EXFHERS, EHRR23HARLF

e
(<)
(<)
®

TEFRR P,
FEFRRA
TEFA
FEFR

EEB WA RE THISH,
K ERS A T H 145,
SN BRI T 7R,
S A BB T 163

—RHIE
—
—
—WEE



Xvil

BRIRI0RAZE, F1EMEARFHHE Mo NE. BTFHEEZNCHRBHH
T, FLUGEEIAENEIRESRBAMEL (project) RER. XFHAM
AR, R%¥ CENMRIEET, REREREICIES, LEHEEHIHRKER
B (RfERY%) ¥IMoTHESE.

(4) AALF R ZR—FERFHRR, EEREMIR, EHCIEMATRS
B, F—ANDEMNTEE~108, BZADEMATRE~19%,

(5) AAKEMMK: XTRERRBRAT. MER-TLEORCEH, ERHLM
Re B—FMTRATIORAMRC (LC-20EH) B EHITRF11~19%,
BRRAARSKRBMAMRRILT, REFLEABREMIA.

(6) =Fimmttifaz: ABIKERMXFER, HAMETIESRPEMEA TR
RERE, MR-, RS BT (number) MRLKEL. HFE
#. VAR, BIESILH, RR. BTk, BARSRSMALR,
HEBRE, BERENIEBIAEE—FRHENARRBANL S, UBHA
BRETHETHRSEDE. 28, RNNVEUEHLBHREMAZHE “ER
HRET" RBZAT, EXFTERBGBROBRE . BAREEZN—ERH
BE3 @RS E R TORSME EMREEARBHIRRIBE, AL
BRI MR,

Zu5te

ERmFRIZR
HTFRBOEFER “HEA L, FUAFESRIREREREN “HN" 212, %

REAGKBEBHMIALH, ERMFMS 2N, 5ZHXOKELINHLRABES.

B, XF CHER LT @5 SEMURRIRBBROHEIT NS, RAMAESFIRT
Fr i ERA B IR, TR T YRt (EI B AR AR SR IR A

BEHF

RNSEFATLROE. “HEALLELHELTHBRE". AT, ERIHAR
SRR, TRE Pl BBE. BN, i KR BEBAEST, UEFEE
ARHIRETREE , MfikETHRBEBRMERN ‘", ROFEROR: $4£4
RERABHHEMBHORR T, RTRBIBTERRBES . 4R, RIOZFUBXLEKR
BAETF: (1) REFRAG “HRE L™ HRETHEMHE “BR WAL 2L (2)
FEREMGABTR, $ENE—REIFH, RECRE, HACRERBF. XH%
SIGUFEHE, URETHARMRRIEREE, 8% T ¥ 488 KR KM
Briies (MTR—wKH T, MHBHERBFNEETE),

HFRMAES: RARR

HENE LA LBEIHMOES, IREETORET R TANSSBFNATE.,
23 RKICB R TR, O 1 — L RE VI — S BER , SXAMBLBE, o
RZRERF A LR,

EABRBFR, ERSHARRD, URNEBHRETEFRIBH, Rz, b



XIX

EEETRESREHXMMIA (RERSIWELE). fim, E—LERARES, HHENLN
ERRALFMBB S (WRSWBEORRIJEHRLES) FRERE, BATBHEXRE
AYSIRBA (LR FFORTRANIER T, 3T 7 LRIK SR, EHM. LT, MEEH
Bk, MEFSESHBRES, SFRX KPR RHITEIERRY “HEEY
MERT. ROER, MRHELRBOAZRTREES, BASRUROEERTSE
MEAEAR K AR

RERBEL

FHAEAFHERBH MBS (rippling effect) . B, RiKFAEMCIEREEM
RBREHIZ AR EHHLECH B TR, BLAELUEMIES HREE R TLH R RERE
RAFFIE R T SR BREA T E . Fran, FEREAEH E AR MR ELURIHRFE
WG FHASRES, OREFIRBHFE M LRESZANZISHR, NTER
BB E S, EHENARRES, REMAIE “BAFH%%" (Program Counter)
B, FAEBEKE, AH2BGBRFIINRE, FHLA? " BRRAEOBRERMEN, &
EECS 100 B IZAT/E, #4ERERBIMNIZAMVENERAARES.
in

FHERBASANTIR, BRAO—EFRRTEHHENIA,. 7, ERAKE
B

B ERMIEKevin Compton$if, BIEI993%, EMEHFNBERMALHEITR
&k, R-RHZBEERE, REMEMHBIIE. ME, LRFBEERRURT 15
R—EECS 100, 2J&, BATHAT —RHUHET =% H (199548, 1996484, 199648 ),
Kevindt @B 5 k% (MARMEIES) WIRARSE, HFELTTRIFORRLMH, B2,
IR RKevin, EECS 100X TR SEHYARK LG itk 2 B # .

EECS 100i# 81 241, BHBRBALRSFEME AQEILBY . £k, S8
LATF#&fi##%: David Kieras, Brian Hartman, David Armstrong, Matt Postiff, Dan Friendly,
Rob Chappell, David Cybulski, Sangwook Kim; Don Winsor, Ann Ford,

EABRARMNMB N, BIHENEZDRG, LOERREA REXEESDERX Y
A X BEAFHIRUY: Fadi Aloul, David Armstrong, David Baker, Rob Chappell, David
Cybulski, Amolika Gurujee, Brian Hartman, Sangwook Kim, Steve Maciejewski, Paul
Racunas, David Telehowski, Francis Tseng, Aaron Wagner, Paul Watkins,

RATEE B RS HIEFHBATF RO BRABNTRER T McGraw-Hill HARH:,
X ERAR T4 Betsy Jonesk+. EMPFRELZIE, MRt EESEROBRRT TRE
&G, ARk ERENREDIEAKR] RE, RATHRZBMichelle Flomenhoft#+ 15
FHEMEE, ST AN,

AREMERANG T EBHIERERBILRINREER, BW: Carl D. Crane III
(Florida) . Nat Davis (Virginia Tech), Renee Elio (University of Alberta), Kelly Flangan
(BYU). George Friedman (UIUC), Franco Fummi (Universita di Verona), Dale Grit
(Colorado State), Thor Guisrud (Stavanger College), Brad Hutchings (BYU), Dave Kaeli
(Northeastern), Rasool Kenarangui (UT at Arlington), Joel Kraft (Case Western Reserve) ,



XX

Wei-Ming Lin (UT at San Antonio), Roderick Loss (Montgomery College), Ron Meleshko
(Grant MacEwan Community College), Andreas Moshovos (Northwestern), Tom Murphy
( The Citadel) , Murali Narayanan ( Kansas State) , Carla Purdy ( Cincinnati) ,
T.N.Rajashekhara (Camden County College), Nello Scarabottolo (Universita degli Studi di
Milano), Robert Schaefer (Daniel Webster College), Tage Stabell-Kuloe (University of
Tromsoe ), Jean-Pierre Steger (Burgdorf School of Engineering), Bill Sverdlik (Eastern
Michigan). John Trono (St. Michael’s College), Murali Varansi (University of South Florida) ,
Montanez Wade (Tennessee State), Carl Wick (US Naval Academy),

s, BHMENBAHMHRL T THY . b FRBRE], RN 18 &5
# B Susan Kornfield, Ed DeFranco, Evan Gsell, Rich Belgard, Tom Conte, Dave
Nagle, Bruce Shriver, Bill Sayle, Steve Lumetta, Dharma Agarwal, David Lilja, Michelle
Chapman,

B, RBRMOEEEY. SFBHOERLERZEOHUHENLM, RIEE, —B¥x
F4, BERTELREHMEHE, AT S LD RELF EIBE, BRHROLIG
William K. Linvill, 2fbRBA4SET KBS, 3SEM, RBEMRMIRE L, BAEHESHE
EERR, ERM—IFIE, BRREENBHE,

HRiE
BNFRIFREREBNSIET &, FBORIEERTU IS, MFERIMTBH T
R, BRIGOBERSRL: p utexas. ip uiuc.edu

Yale N. Patt
Sanjay J. Patel
200037



B =X

A E 242 BIBEEAD TR
FRBEERL 25 biERHZ—: FAEH
FHEF 251 fmkFnekE -

[9; 4 252 TEYR -

HURHE 253 i -

BURH S 2.6 bitEHZ . EHEH -
261 ‘5" EH 2

BUH K ERAD oo 1 262 “%° BK 3
L1 RAMEE - ol 263 ‘" EE

12 EoAfEHE ! 264 “RR" E

13 FAREHANES 2 27 Hefpdm -

131 HRZEE 2 271 frki -

132 Sk 3 272 IRAH - 5
L4 HENARGEER 4 273 ASCIG - 7
15 FEAER BEREYS 6 274 FAHHHEE - 8
L6 HEH. ARTERE - 6 28 S -

L7 MAE#RBSTES - 8 H3F RFEH

17.0 R 8 3.1 MOS&HkE -

172 B - 8 32 EH]

173 321 37 -35
1.7.4 322 (1. #dk(T -36
175 323 51, 53K 7
1.7.6 3 324 BEARGEM - 38
177 325 EWAI -39
1.7.8 33 HAEH -

18 3@ 33.1

#2F bit, HEXWRRENX 14

2.1 bitFIBE K 14

201 bit—{F AR AR 14 334 FIRALBREES] 43
212 HiE¥m 335 Bimast - 43
22 BEBIRAT-- 34 frfkdT - 44
221 EHSEHR 34.1 R-SIFH

222 HWSE% 342 [HEDBUFE

23 MR e
24 ZHEMIBCS RS2 A 35 PIFRIBLE
241 THEGIEER - 351 FubgEi




XX11

352 FakRESD
353 BT 2 x3M%F
3.6 RfFFRB -
361 AABHY
362 REMBD
363 AHRAREN -
364 HRREHMHLA -
3.7 LC-3HFHAKIRER -
38 E -
p 25 %ﬁ!ﬁﬁ :
41 HEEE oo
411 B
412 SbE#T
413 WARREBET -
414 PEBIgEIT e
42 LC-3: —&1 - BRSNS

4.4 BOBEBATHFF-
4.5 HLRiE

F b BREEES
542 AT v reeeeieeeies

I IR R T 2k
BT W AR R
545 IMPig4
546 TRAPHA
55 BIF: FEHLEL o
5.6 Bk MHEER (LC-3)
5.6.1  Bihil B A
562 #H4EM
57 @ .
#ow HE -
6.1 [RIRER A
611 BGAIR v 104
612 ZHEEK: NIFF. &E. R 104
6.1.3 KB ZFEMILC-3HE4
614 EIFREFHIHGIT
62 i

543
544

622 ZEXMKBMEM
ETE LHER
71 LHRESHE—E LR
72 —MLREF -
721 54 -
72.2 thigfE
723 BIF. FEEKHRE
73 CHTE
731 R -
732 FEE
733 HlE. QSR
734 B2 AENLBEERNF
74 HEXmIA
7.4.1 FHATHER
742 HBEHRIHE-
7.5 18-
FEE WA/ -
8.1 WAMRHIERRES -
8.1.1
8.1.2 WHMAHVO 5% A0S -
8.1.3 REVOLEFEHVO -
8.14 hETIRE St -




821 EFBAFES -
822 EFHARFEF
823 ATFIRIHRARIKE
83 BABERUL e
8.3.1 #&FH#HF% (DDRFIDSR) ---137
832 EFMURFERSF -
8.3.3 NTFBRAHEHAILEL
834 BIF:
84 —ANEEKMMARF
85 FMFIEEHIO
85.1 fr2RHuHEZHIO
852 bttt AEBIAHBEZHIO

8.6 PRI UORY EIBT
87 -

#9% TRAPEFRTHE
9.1 LC-3 TRAPER

9.1.1 Wk 146
9.1.2 TRAPHLHI 146
9.1.3 TRAPi§4
9.1.4 EEHLH

9.1.5 VOFHabERFF
9.1.6 HALTHETBRRF oo
9.1.7 HEBAEORFMBE
00 T oo
9.2.1 {A/E FHLE]
922 ISR (R) &4
9.2.3 FHHRAMTRAPEF
9.24 PUTS. S¥HH
925 HBF

1011 FREEEY. &
10.1.2 WAKHBF -
1013 AHFEHGERR -
10.1.4 /g -oe-
102 BRI (B=Hs) -
1021 bRk
102.2 FMfEE -
1023 GIF: BEHE

103 HEFHREOFREH -
10.3.1  AkAaRt 7765 1k
1032 T FAZSRA
1033 0, RARE -
104 BERHSIEER o vonereennne s
1041 —A i RHIBY
1042 ASCIV/ sl
1043 ZHEHVASCIIE: e
105 A S
106 SIE e
% C%?ﬁﬁmﬁ
11

113 BRIESHE
1131 RERT
1132 SERAT
1133 AR ARG A
114 CREEE
115 —AMERRCER
11.5.1 maini ¥
1152 HBRE -
11.5.3 CHisbE%
1154 RAFRSH
116 /M
1.7 218
FIVEE S £ 2]
121 gk
122 A&
1221 ZFEFEIREN. int,
char, double -

1222 BHRZFRIESE
1223 BERALFHER
1224 EHHFIF oo
123 BER e
1231 FERAEH
1232 WRIGERH
1233 BRERH
1234 FEAKER
1235 GoEWS
1236 %FEHEH
1237 BREEE -




XXIV

1238 HIBHERR
1239 ERFHRARER
124 EFZRFFEFERE
125 HRiFELE
1251 #S%
1252 BROEANE
1253 EREHT
126 FFEiEE
12.6.1 =FhEAAUHIRF
1262 XFHE. HBIFSE
12,63 fEff%E -
1264 ELMCERTF
127 g e
128 1@
FE BHEH
JERI
132 k4

1321 ifig4) 227
1322 if-elseifif) 229
133 @I

1331 whileif4)

1332 foriff) -

1333 do-whileff3R-- -
134 TSR FEK AR
1341 [FREL: AR
13.42 [AE2: $H100CA AR RS -
1343 [FE3: 53— E-mailithht -
135 HAGCIEESHHIsH -
13.5.1 switchif4y
1352 breakFicontinuei54) -
1353 EATHHENFT
136 /& -
137 )@ -
#lUE EK
141 gk -
142 CiEZHMERY -
1421 HEHMEK
1422 RMATR -
143 CiEEHEAIXRHA
1431 7Rt
1432 SBHUG - veevreeeereeeeeneeen 254

1433 L& -
144 [AERM
1441 i1 KNSEHR -
1442 (2. HAEFRN= R
145
146 @
FI5E AREARFA
JER 5 S
152 HHR%EH
15.2.1 %R
1522 i LEEIR
1523 PR
153 ik -
1531 REWR
1532 AR
154 IR o
1541 $EHk
1542 FRSEERTA

15.5 GRS %
1551 EhALAA UL
1552 ML -
1553 FpysiRAGME
15.6 /N
LR =T
F16% KL
161 ik
162 54 -
1621 AR ER
1622 iSEHERA
1623 fEHEm—1 31
16.2.4 Zefght
1625 &% -
162.6 $5EHHIR -
163 o -
1631 KeaiFamg -
1632 HHARA -
1633 MASK -
16.3.4 CEEMIFHE -
163.5 W SHOXF
163.6 %B: HAHFE -




1637 CiEFSHAMTE
164 /&
165 @ -
#17% #E
17.1
17.2
173
17.4
175
176
17.7
17.8
17.9

LR
ISR +300
301

-304

BHEEHHASCIUFF

I

#18% CEEVHIO
181 BER e
182 CHRifERY -
183 FHUORME -
183.1 VO
1832 putchar®¥ -
18.3.3 getchari ¥y -
183.4 SHUO--
184 #K VO

18.4.1
18.4.2
1843 FEKEH

18.5
18.6
18.7

#19% HELH

19.1
19.2

19.2.1
1922 HHEECHRILHL

19.3
19.4
195
19.6
19.7
%A
it B
H&C
Ft %D
M XE

printf

scanf

prgiarle]
I
18

R
otk
typedef

Bls
DENEIR
23
e
S e
LC-35 & 440
MLC-3Z/x86
LC3ty# &
CHEEF
¥HRE -

©  WHFRFHRSY )% K LA T B ikhttp://www.mhhe.com/patt2,,



F1E RDLYEEH

1.1 BRIOWBER

kA, RAWIESRAIRITE “HHRF" (the world of computing), FBHEEH
trz—. RFEBURGENRSIH RS Ak biBs. MR, HHEAL (computer) £4k% “HE” #9
— ARG, MIEEMEE, FHRGN Y%, HEORET CHATBEHRGREASME), FEHG
AL ARBREGER. KX, HTRWHTFEHL2RFRA, R, ERR—THRFHK, A
SRR ERERGES, ERFREALEN,

X b, HREHLXE-NEROHAE (organism), Zb—ER BN, 2EHONALA
AR, AA5E R B R R BRI, RE—S SRR~ EEE,
EIFTIRRY M7, XmE B TOREDE, ARARKEN “HE" Fh, ARFE—Z
Bl “BRME", BREER-HEZENHRL. EEENRERS, SHN—8, R
BN 4, DRFHANKSSHEBAS ZANERE, RNGBEHL, —BRERT
EABHEET], RS HARBM—FIES (WMCIEE) RASEFT, AR —k
HIhRE, FQRERRERFRTERS, HRIUKER R LS,

1.2 BATsEME

MBI, RETEH—AERS, MHAAATRIOTRE, EHFLLTHHEAR,
X SR p Sl i L ARE , M — A, XEFRELRGRT, EARMKET. HREE
M FHLE R T IRARORH R, RIVERXOAKNOEERRLL, BDER, BERISVE
RNSVHREE, RAVFIXOHAR X TOVERE, ERERBA". mRZAESOVEER
ZR/b, WEZSBFRHEREELH 07, TmREESOVHEERX, WHEELHER “17,

IR, @0 FFIA A, RAVTLARAEMEL. B, WL BaFks 401100001,
i HIR3SNIFR A00100011, J&HH 4N 25X Fh TGk R AR,

HRAFFEIM TETORI MIDRFTRIE L, URETXFROMRE (0 " BE) 2
J&, BEEAT—AEE: “HEARELZTHERN? ~ 835+, BNMBERALKGETHRAR
RACERRR, AU, RESHEMRGERDERBEROBE (I IER") FdEen
RRLEH (I W) o B, BAENR 5 - 58 (Von Neumann) #1%°, ER -k
WML EH TIEMERE, BSEME—/EAMHLE, ILC3 (Linle Computer 3), MLC-1FF
%, LC3ESH TRMBEH, EAEARMEESEMAENF AR E. HARNARMLRS,
Intel 8088 (FAF19814EfIIBM PC). Motorola 68000 (FHF £ JLi19844fIMacintosh), LARFEHE
IV (ER20034F B tREPCRYH ALHSE 2 —) FMLCEER, MLCI3RAXEARMEBED
RETREMGHHBERE, BXAREE “ARK™ LR, HiREHERNER,

EEMTLCIMTIERE ZfG, T—SREEERR. FHRERANE FEZULC-3HL8
BEERE (FOR) . AERALKBTHE (B7HE), YA, LRETHANERIERE,
ELBRAFILEARIM B8R BARLC3REFMA /MR EBOFE, FORBRFHENR
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BEEMLC34LE], MTRAPTIFRFHM, FH0FHHLCIRRBAT AL, FAMIAWNIEE
Hd, BI “H” (stack) i “H#E##H (data conversion). FJF, #&H— MM RAIGT,
ER-ANEFLCIRB LM FH IS,

FHEE Iy (E11~198) HEEHIHRABRRERIET—CES. RIOFEANBCES
MR E KIHLH], XENFE—RAATIEMTRSXNBG. ELPHANGARS, RIVEE
#H BAICESH (construct) FRRBRILC-3KBUBLFASR , LAE U39 15 76 (8 FICREFF h RURF E 4549
W, EXEBEFES 28k,

RANVPMCETOH L, RNPREFRSOTRABIET (F128), $HI55H (F138),
HH CR148E) % 2, RERIEMMCIESEREA (B15%). BT (F16%), KA

(E173E) %,
CIEFMMERRREN W RN BLHY, MCIESMEALH (F185) fosx (F195%),

13 A/REHAMES

EABE, HHIRSHREHIFR TR —R MR, TR ERTEAEREEM
SAEBIEM )", XFRIERRE! RIS BN ABREINRE RO, X ERRIIRNG
B TERG A EILREE 22 TR . MREERD— A ERTRBRIELRER,
FEEF R EMI TR EH TEREHM ERBEANRE, AL BEIINTIEA,
AfE IR EIIR AR AR U .

“#hiR” B& (notion of abstraction) JEHEE, CR¥IMEA, RIEKEHELEME
DEE, FERAREEREER. WEEX, TREEK, TRAEMA AL, HREAMIEY
HAL BEBGAEBNLHZRIAGRDABE HR". FE, SRR R AR 5 R
HHIRHY, SXAARKRO LI BLERIRG. FTEBN BB XFA K ERE &,

131 HRZBX

Hh% (abstraction) FEATEBEMAA, HRMERMAEMM G, mERE KN,
WLREAORRIMROZE TR, A 2R BABE TS -FRBHR, FMAEFbH
K AMBRRNE— PR WX KA 100 8K, A8, REARIBXELE, B
&l “REME X AMTESESMEE, BT, kg, B, aBhmmY, BixiE
Aot R FAINIFERNSRBERE . mRERHE—BMIL, RIETUH WX KB R0
B XAYES R “BRINTT, BB WA, ERLEEFEMATE" XN EEY,
BRABE XN LE,

F&CHRT RAREOES, CLROEXGEESNERBEE, NfiHBmns Rk
Bk, WK HOETRBER, CLRIESTHROE AR MK, SUERNESTR
T E FRA R,

L8R, RPFEIH—RE, B REENFEOETHRESHERN, BL, MREE
MBI TRZLERR? ZR—ME, EXHHRT, ERRNFNEAEMEMES,
BERE "SRR WD, EHARRIEREOEFMRE., FAXRZHD 7 8, o
LSRR oioR

SeHl, ARRABER A

F-MEFRBBACIHEREFIRIMO —JRIT. MR- RAWER, RYMOKE
EHERFGMBE/RIE (RMFIRRIEM) . h TR ERIRIMERAKS, REHR ZAT%



L EES

HUMRYE IS RSO FRIBNS R, 8, RIEZEMT - MRIKORE— B RE". A,
TR T — AW, B FTRAER K BT R E MBI R GOL AR LA EFIRIBMD B &
o HRF—ERB T, FREEBFAMBZATHEET, £RRWIAFEDeer Lodge (TFIR
MMA QB =AARN) #THE, FHEEEMEENEREHBTIR.

BoAGEF (TRRBHROEE) XAEERHRAMNRALY., EAEATN—-ITAEE
PLE BB T, B R LA E— KRR AR, FIAMABRERR., KKBHE,
R e B S T RE AR DR LR, (L TE Rk W b R LEHE L, DA R RS R N 5T
RIS, HEOMEY EAXK, HR TR IRDBH—A KITRAY, ©FT R
W, P T — LRI S, A5, ANRESH--NRET], HHPH—
IR T 35T, MLBIER T BUE, foh B X P B0 TAEFFHH T — 310003 TR T 3
GEPELMR—EEK), fEHPOBBLX M B R AR, FRINKMEIF— AR ks,
DA RSB TN LA BAARAN T -

(1) #hetlid bt e iEFe3s” $0.75

(2) 4l kB e HHLA R e 2 /0 B $999.25

WA GEFFERERRMRER, B R REROMEE, NHERATOME, o
REW LN LB, BA—HIOK! EMMBFRR X TR FEIMIBHIE, HRIT “H0% R
BEBT, Wik RH2e T EFURTESREARIPMDIGEA M. R, NRTEE
BLE A T EOMRE, KT B LARZI AR BIR £ LS T .

M FA B, ROKBIETR: SR —A R &R TR R AE R, THA
EHERETRBONERE, FAERRRIEERIERE. fRRIZHET O8N TRRBERER
. RIRRAT W00 R TR, F LW TR A, AR, FRE
(R RE LS BTTE o

A, MR A AR RO AR, mb TRGCE AR, FOBAKRIHY
it RATLHR ARSI AEBRER A MR, Wi, BREMAFORTRELE
XK, BRASIFHTEKELHRER, BYRGEHAVEN, ERRRREHE, RLAEA
F MR IFRIKILLE.

HREEHLEE, ROORAL, MROBIEHET, TEESTHEBERRIER, &4
W R R SR G R Bk, BOVERE T REEMHEEMIOKANG, E—BRGLTESE
TR, SEEHRTER, MG, REETER TRHEEHEROLN, fi—BRITER
TixsegkH, BRI HET.

it

‘W RESRNHEZEE, ROEE, EEHRZTOHY, JURNEAXNER, 2
AEAA-UE “HR" REER! R, REIZSRHE, MRPKERERINORE,

WRBROAFES 44 (component) FHMMREML S (MHWREXNAL), HA
AHENBLTRHEE, Ba, HANAEREHRBEERIFAE T, EXFERE, RITEE
SREHXEAMGHRRERORLE, MXSAEESE-ETIENME, hEesHHR, X
RERE, BROEEAWMREMREK, XEEEHTOIEA.

13.2 WH5%H

WEH R ER R TRITHRMN A CR TSR, BEESE— “BEe”
WRHLLARFIEMXA TS S EE fskiFa % 1Ry, miffE REUNIXR Windows, B A%
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OraclesDB-terrific, FifIf2FFExcel®tWord %, b {103 Fhift i R MR AT 3 B SE — 5 TR 4
UNE, T B —HERZED, WAL RIEK T b 2 A — SR A, R e
AR EHEH TN, TRFOESUERF, RERGRLERSEROT—L.

LYRIF LG TR LR R, RN ZIRMIEX A, FAERIER, BERK
HERARHRENRGETH MRS HERTC, Mgt &k, AEHTRLNEN DRSS
WSy REIR, LARENZEMTHETLE, EURA—/4: i EATESRE (TiTRHE
ExXHEl) !

AEFRBAIR S MR MASTELCEE Z EWBERR, ILPTIRTHL RS LRITLER
A BT ER B Bk, Bildn, Intel, Motorolas KMALER S %1IH ™K, 7E¥F L4 AR IR
FRRAIBFFME-mail, MR, WHARLE, HARBAVMESL (video clip), KEMLHRS
VAR ENHRATER, SRE, ERFZHHLESEH, KAENBTERMCEER,
fnintel L4 HMMMX 8 4 K RMMX & RBFTEERE, fiMotorolalAppletafit T 2T,
AltaVecf & S & B H#:.

BT P AR, R AR T TR OB, 0BT HAEE & T8
EREBAEMAFLIORE, “HF" B 280THRES, JLEERAHOAREME PR
Rik, ROBEHF—RFIMER (item) HBW—EZONFHS], nFih 0L RRERT Y,
FH RS BREEFHFN. FEXSAXNFORBY % (UKRRE). (B2, Donald Knuthte
Rt E R GHANBFBRIERY (3%) ., BRAETIIRMBEEE THRHF, BAHE
PUCEIHEFF R, FEMRARR B LB TR I L R R A T AR

H

RAVANR, FEGRRABLRER T BRI ERE L, HETELARERER, 546
KR ERR LR MR, AMRITEVE BN &, FRFERBRRTRERER
TFREGRRY, Ll W E AR,

LYREFITHIBAR (data type) XABABESH (F1280), REEMERHF (word) #
HRAKE, BEMRMK AT RIBENIORN,

LPREZIRY (function) B (1438), (REBARBAMMIN, MFHA @& EEMAN"
& SURE XL,

LRSI (recursion) ——AMRKMPETAM (F163), £AFARIE, REAL
bt 2TE L iR 1IhFTIE R (procedure) R{A{H.

L{RFEIHEEE (pointer) TR (F173), HRUFHAFODINHER B TR DM,
Mifismisitt M EEAERE, HaMBETESERE

H{REIRIRLH (data structure) B (S19%), FXUHHHLAFAIGIR, HHBIREME
BEMENTFRHAGLI, DRAZRRERBEHOET.

RAVGE, BEMHAETHRURORE ZFLGRERSR, TER, EEARLERNNERE
B—ELL AR, BRRREENNE. KRS BB RERNEF T OIEERER
B, BRIOOHIAR: BRIFEGRTFRANT—E, AFHHEEZBREERELRS

EREME, BXREHNUEFE, MRWEZAEK. BHEMYENMIE, Batkh
SHOBERIERR,

1.4 RV RERR

FEREMRES T, ROCSREMT 0" XA, BHFREERBTEL, BRH
EFE—FILE], DR MR EAORN . REEGIE (BRI R, FRHhRE LB R



hi W EEE

WRGHITE, FTIE “fEH% 15 BRI R (directs the processing of information), #{HIEE
VARBET—MPITES R4, i CEIBOAGRGTE, BRECLHRE W, “F
WEWRE DL AERATEER . LN E R, EATHORIENLZE “FREESE" (Central
Processing Unit, CPU) , AF# M it LCPUR I Z LR g fTiMi TP

FE204ERT, —MAEERE 104 RE LM 18 BRA R, B BBR L& TRLO50/
P (RAEERRREE, ME-1PTR), T4 ROEEER h— M REEREERAR, HA/ML
h— K1 EAREERR, HhRE T RALEFARHEE (mE1-250R).

F1-1 AbEEEAR, 198047
##34%: Emilio Salgueiro, Unisys Corp.
ARMAEHAERE AN XA 0, EAETHLESESHEL., M ik
(computer system) H¥ELMEHEAR (ME1-3F7R), BRTOEEZI, TRERE VAREA
f4), Bbn (RkAdRE), Borsd IRERHENARETENER). TEHN (ARITENE
B, At (FRIEM7EREEE), BAFICD-ROM (AT (E 8RR L ALIITIR
FFEEkAE) .

X LG MBI B T U RALBA R AR . Bl ARBAATEINL, RARETFHRE
ERRHEOEL, MRARE, REATFLRAZRGS, FMRIAEXHE, BB AHRRE

i, BRATLRsas.

434 Intel Corp.

F1-3 A AL (Personal Computer, PC)
4424 Dell Corp.
Wi, ERAFFEABORE 2R, HEFWNE, & B EA%ERIE-FHZ AN, o
CPU, {H# A HAbX el (RRENFRABHEANE), HHVERRERALIBLLMET,



1.5 AMEREENES

FELEREIFZA, RNEHNMBHFEXEENSH, SNENEE, BRTHE
(computing) FIREBMNB, HFIHRAIABIRGET MEN,

% AN (RERBARTRS/G, BIROERERBH. BIHTERIMND),
AELT RSO AN, EOMETAMHITEESRARN. RoiEin, RRMHTALES
SEREIN, BARMTRL—HRESTR, RRER-EME, fi— et R RS
REIEN RARBAFGE), T IERRBHUTIRE, AROEEETRN, B2,
PRI BB TR 2 MENEN ., URALHANTRMEERE, EHAFAHAES,

B BRINVAKERXBESHHT - E, ARitANAERELRFE% BTRF)
RAYOXA I, KD T! BT ERHUHAKIE SR FEH SR SRR S TERORE,
FE-FIIG. REOKBTR, EHEHOSOEHEE, X—HREEARRHMRT, i
Bk —HHRIEBIES ERR MU RAE T Tk, BEXFTEW, ARk,

ABEIEE RN AR A A B

1.6 Y. BRNRE

—AANEHEFBEBR AR EL TR, BEHLFEE? JURT LI¥ER LY
W, WEAREERDIOTHERE, ¥ TREMNEERESS, MAREMES. &
it 2B E L S TR IR IR

ERE: HENRRIN . BEIIUHAGEARE, LO0%TRIBHRERTEN, X
BREBFEF I RHLEHRS @ M it Hik 4" (universal computational device), TEMIG? & Tl
HIReRE .

FERRUBHUHILZ AT, §BHITREEBUTAIE, ok, HLRMMM (analog machine)
—— BN A A R AT R AL ROR AR (e fE, PERYE). filan, HEHHRRIMERS
HOBLA, BRRMBHI PR — PSR, REAEART RN B, EH %L
ik, HTAERERRAR MRS LR, BRI E R LRSI,

FHHULAALL, & F 4 (digital machine) it —HEEN . ARNOBFRFIRTRBIE,
ERRAH 2B FIBA L LU HUFORA, RHEERAELUFRIRFFRZAME IO,
HRUFRAME, srbt, DR, Sl et wi B RS RGN, fiksFRbdk
FRAEME, X FRFFR, RGO EODER BB FHE, 010:35: 16 (FAL10:35),
EMFIRTF R, EEHFETH Z—DIROMER? TN, HERKEFEEFN—4AEKL
Bt (RXLCANBHERE), A BERBIUMAOME, AN RERF AL,

FEBRRBF U BB Z AT, EFE5 8% LB FHREMES (adding machine), WiERS
RN RAAG R, IERR—FERTRE M HEOLREN RIS, B, THEH
HHEMHBR T, AORSRTERRE, HRR TR R W By, FiA
XEHLE MBI T ENESRRM—RENTE, flm, mRIEE—& REEEEmNLE,
LM BHIREZ R, BB ARIGE.

BHRERA—H T, FEESFIEIRRE “Hi" 1 E%5", NSRS, SR
&, BHM-RREMFREMEHRES . TRFEXAHTHOUHAY %, RIEER

O ABEFRNAHENMLUREMETR, EXHRECTARR, NEERREARNLTRAN, BF

ERATROE, —BHE
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WSERIG LA T, PIEMANE—I00, SR EFRMIIN L3 n—2HMig4 (instruction)
REF (program) BIW[, XBRBRIERITHHAG “BA4HRE™ WHEE. HEILBERME
CEATERARRT ARG, BEIEE, WREREETEFRRRTRALNAELS (RELE
RBHFHRFINTE) . SRR &, ROBE¥EIHROEARE, BHERMHA? &
FERHELE Y

il RSB ZATh T Alan Turing (F12% - ER), 19374, ERIBH—AAMHAIER.
FEAH AR ATLAHSXHE— G B AT, XL RR RN (Turing machine), fhhixAHL B4 H
T A EEIECE A, A 2R — G FUEMNLE. 5 EAE B TR I R E1946
A IR, B RAGEIE TR —ATPF I R R . TR, BFARE AN
FREIE R ERITH, b aE: R EMARIT (mark), HE—ZHNIERES (symbol)
FATh. IREEAT R, ELT —HEBRACIIONE, M, BTSHT 5T, %
AREEE TR R BRSO A S0, G, JEE R R Sk e e .

F1-4 E R REREY

[€1-45y BIR B RGUIMEFORIERY “RE" MR, ERROESHEMBENTFIR, #ik
TEMRMB A, ISR, BERRE TR RBITS REMRZAN, HX5E
FTR % Py R T LASK B A B ok e Feok o

R, T BAR AT LU i R R LR ST, RAIFRXA RIS ‘B Riem”
(Turing’s thesis), BAERWENRBABHIEDY, HBASOIERMBEI SR ERY, R
%3, EMREE RIS 2R, BTN E R LA S kT,

ARERNBIRHBAF WL, TERERAFAGBH R, XY Edd— A hsesr
FAMERNAMERKMILE, WX MNBULARGEFANERN, Bk, ROFZNBEURE
DR R LA A SR MA R, WS ERA, UM SRR kg R, BEERIEN,
PRt AT CABCR) AR HBCHERA T, fE (IR B K BLE RALFT A RE M S & B DR S ek,

B -SE— W Tix— R, BREHR “gx(e+f)", BELE, MABEMURE Mk &
R “Feik” ERVAOBGR, LAREAMAS e, fng, BITHIIHRLAUSMHNTT,

Taoos Taan
gx(e+h

efe FELED

-5 SEAERRESRE
il A RYUME T, EREIKEAGRAT S, WHEIERT 2, BOiEs,
—EGHEH (FHZEHNTE) FI—EAERNZE, EORETRINE Y. S
MR-, ABRTHRIESOMERANXEE, HEHRHER, HRLRERNESIHE
AT BEIES . A BN T RAL69,
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BRI, BER—ERHRORBUFNL, EHETRAIEHA L— & ROEDHEN
220, SENBARERAFOHELEEER. BRENIWHEER. HRREFREH.
ARG IR — & ORI AT RN, (RRELHE T —EEM (Universal) HHHL,

1.7 NEEE#AE 8 FER

E1-6HA MR EHIE T (R4F) RROMEBTERSHOBNTR, ROREALRG
BASEAH HBEK", HPNE—-BRHESHLIEE, MRBRNBUAHHE—E, BitE
LU RN RGN EZHRE KW,

5]

Wik

EE

BB (ISA) £#

P

L33
B
BE1-6 HiEk

1.7.1 AR

HREEOEE, RIORMA “ARELS", MANFRMGIES, MKIE K& BE B0
EE. REESNL2HTLEFNEAR, LPRETASHFEAELHAILIESNRE, Kb
CUHRHERAHRY. AREETFRSTASM -, NARMKERERER, URTRY
ETFXFAZE, BREGR—BIERIHTRWIEL,

G AN 2414 “Time flies like an arrow” LI EALIN) . RINEDFALUE ZFRREH
&, BRTTEZFHHpR:

(1) = ANEFEEBRMARREH £k,

(2) =AM AEFEME R PR PMRKE T,

(3) = ANELER R AE ST & AbbY S 1E,

Hob, BFHRR AR, FRH AR B BRI A AR A
T A/ R LR T — R TR, 3 =R SR 18— SRk flies(time flies) like arrow, T 55— Ff
flies(fruit flies) like banana® ,

RAN " UM FUHRHE SR RETRERO, HRE - AT, EHEMIRIEE
HEEts, EMREREHASHFEFLHED (), CRATEATRFET.

1.7.2 W&
MEIRRSR HIF 4, 1 T R RAIE — S RAF VAT B AE SRR B H T (algorithm)

© WAEEY LA~ BT “Flies like an arrow, fruit flies likes a banana.” (B &I%F, RBWKER)
SMEEL RN T, HWRLTR, KERAMRIE, —EHiE



RS L 2S0

i, RBRIBLL RO, BEERNSARKEL. SEREW, HFRRIZKBRLL, XbE
ASRIE LA T SR, LARIEREFELH ML BT, XA LURAR I F .
« AHEM (definiteness), RUGMBIESRIORMRRFEWN, TE LM, BTG “HIfEH
BRI R R E R, BAER “Biar B E B ACHHIR” (stir until lumpy) ,
Forb “WIRT (lumpy) RO BEFRB AL,
« Tt Mt (effective computability) . FoREE—HRIBREFTHHFHMIT, T “BBAH
FRC IR, ROBRKTASTHRER, FARERTEE “BX" HFEM.
« AME (finiteness), Bl BRL%KIEM,
fEf—AEEEBAE L HRRESE. b, FORESREL, ANRSEAENISRRE
W7, S%. HHEENE, MR-AHEBABRROSIRRE, HORXESRE—/ M
FFLARB B RABGT OFT), ERZRAOBITEER RN,

173 BF

T—SREFEELABRF, WASRESHE. KRESAT RIEE", SARES
FRENR, HURIEEARIRTHRAAFU, R, EBIRTHRHEORF AR, UELLHR
HURF TR, BmiEl, ERFELERE.

KROHI000SHBFIES. AORFA “HEMg” B (WForranEFHEHHIEE . COBOLE
B RBLRIES), fABEEBINMBHCEFREE DR BEARETILIIIES.

BHATHE—LEMORIES, mPrologE EH AR ¢ X ARG, LISPIEAMBIBLHIA
TAREMANIPTEDE, MiPascaliBHWIMR T 44 %I HRHIESHEFIES,

HHEHUES LA HBRIETMRRIESHL, BRESFURBAHOMRIERE (ERR
L), MEFZA CNBEXT IEE. NERIMEHESHRFERIEY . REEANRBTRF
A B EARR, B R EE R AL, BORZA BT RET,

1.7.4 ESMEN

T—SWESRHBFERBREETHIMOES S (instruction set) . 4L HEEH
(Instruction Set Architecture, ISA) R FFAIH FLHLEE 2 Al 4 1A — D 5e B2 Lo

ISAZ B RIS KA, MIFRELBRATI8RE, URE S RIEREYK
R4, EEAEK (operand) ; ISABZXLT AR (legitimate) BIEHFEH K, A%k
A% (data type) ¢ ISATRE X T HREURIESEIHLE, BIE & FRIERM AR AL, RITHRZA
“F 3k X" (addressing mode)

FREMIISAE XRIEXT, BREUWMIABXMOH DL TR, AMISARE L8
¥R, HWISANA EFA, AMISARA —FEIERY, AHIHLHR, AMISARSE—. &
FhAAL, TAMNA20%5, mx86 (PCHLFMISA), #I100FEREXT,. +/LFHEUR%S,
I ask.

ISARRitH, BEFEZEHENAFOHDRETFHRTHERE (AREAHFLE
wA).

WHISA—HESLES, HREFITREx86, ZISAT19794 tlntel A Figit, H iR
AMDFNH AL — e A FFTR A, Hih— 2% AMISALEE: PowerPC (IBMAMotorola), PA-RISC
(Hewlett Packard), SPARC (Sun Microsystems) %,

HERIEY (M0C) MIFHISAEKS (X86) WF R, EHREB - WKL “HFS"
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(compiler) © fIRRFFRSEMMI. Bign, HCIHEBRIFBIEMAS6 ISAR, THE— “x86MICHIEE".
BAR, H#MTEMERESNERHANASL, BE-PHEORESR.
R U ENAICRIE SRR ARISANE R, WRMITHE (assembly) RTHA.

1.7.5 #&H

TS HHES RAFISARBURI LB, KM AL (organization) BiFRN “#ss#y”
(microarchitecture) , B0, ST 4K YF £ UM BEKI T XSOXFISALEH, HHEMEEBMOETAY
AR, BA ORI, RFHKELE8088 (19794), WikHiANIR&Pentium IV (F M4,
20014F) ; F#nMotorolafIIBMELEH T JL+Ffi# FPower PC ISARYALE 28, & —FiHb#lA H O Y
Mk, K i r PC 750FX,

MHFRERE, BROFRIUBRL KL, RIHFTUERFR GO ROMN L, R
AGER—A BT BPRRES], FELETFES (RIK) ZAT, REEH—- G (RIE) Hie
AL,

HEHE W AISATIRME (ANISARIKH) MIRRRH T - RO . [SARIRS
EANEEBRAN—Y), JUPHAMRERRE THCAED (EREMISAZ DML, 0L
ISAZBIRK), FIAMRES, ZABRME SR, IFRANENE, Aarkimi]. &
HREEER. ISATEMRERDRE, KECEEHE: FAOREDRSAASBIHTBA, THE
HWATJER, BT AR,

TISARIKBLEIFFERT T WA, FIAMRELHSIRYER MR, SRRFikit
FIEHIE 2 AR BRE, MENRHRERAREN, AORABZHE, HORNELLXZ)
B, HERANE, ARG, ARHRRME, ARRE. ROFXLEEFEHMEH A
BEIER CMAHT, ENRBT BT EERA TR Z BT MR i v %

1.7.6 BigmE

R B R — A R AR KE, B SR EE, SR B AT
BRI A RS, fim, R MR, REEELHER, EIMRRHRGER
HE (HRE) RERAEZREHK,

1.7.7 #4%

BRERANE, BOEFMERER, MREEBEEMHRMEHEA (device technology) sk
By, BRABL, CMOSHLE BT IR0 2 f: SNMOSHLER BT {E R B R ARIRY, ENSHiLs

FLBE e BT RO B B ]

1.7.8 Ihg

SRR, WHBRBSMAEHETHAI G, EFRT () HXFEE, ZAER5
REBRMEH. MRRNER BT 57, RRTRE Uitk RIOROIEE, BLRNAE
EEFUEHEN, ERAETFRAGSUT, R, ROFKWERFIEE, BFHFFERI

©  HWIFRT RATUMIRE, HMXHA “compiler driver”, Wk b, HERF/FLH, FERFIA

(toolkits), #n: HiAkEaE (pre-processor), Mi%® (compiler), 4% (assembler), %% (linker),
AR~ S FRR LR (bin-utility) #4405 (archiver) %, —iF#Hik




RKEHERS 1

MEE, RATREMOE, RRREH#T—RIINES, EEREED, - BRKIUBAEER
FHEHR, WHFRRERGR, ROORELIEMERRE T ZHELROEEIRE,

AEH MBI RS, SR BRI R, BERKE
ERADRMERA, DR MR ERKIL - MEEMISA (RATMISARLC-3), AR, KEAR
ik, WHEHCIESOME, LIRCHE S UEHERLC3MISARRI 2R,

RANVFO A BABRER S — ¥ B

1.8 3@

L1 KL A RERAPHE 1.

1.2 W, FECHEESHLE, RIETETRMERTRENEEESMIEHR?

1.3 i AL LR LA S, T 1% L4 1) R T B iy

14 E Wtz —, RIEATATE S LB ARBIES?

L5 BRRRMNAE—A “BET", KBAAR M EF, SHAREZR, mEL-TaHiR, BINER
— AR FRERPIRAITER, ME1-TOHR, BIERIALS S XHOET, BEHTHEE,
FATAILASER Anp X (m + miX KRGS, B 1-Tc, . B TR TR

px(m+n)
a) b) ek o) EfREA S
H1-7 BRE TR

a.ax+b,
boREAMRAW, x. y, K,
c.a’+2ab+b" (REESH—AMINEER— N REFRTRG? ).

1.6 RABREZE—0IE, REHHXDIETEROFHRRE,

17 13IAXRMEMHRAHOERE. MR “REFHA —DHRE", RIONBRAVELER
XS, BRI RAF, ROEREELOMEE, EHAFROMTH,
HA G EHA RIS, RAMROG %, RABRERBBERTN HRE S 0
W, RRRAEAT AL T RO ERA A, EH AR TRERRER,

1.8 Johnil: “Isaw the man in the park with a telescope.”, X BBk FH47 X AIEH LR EIHEAT
FERE WP, XWIERSOM LY, EREOREIERRFHREREZN?

19 RfE, AAREFFALAREHED?

110 HHFRO=ARME, A HERNRE.,

L1T EMREEOEM Y, SANRH—0IF, EOTRIH, MBE XM, BB At

LR ER R,
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112 i AT MaBleiilid RERHZE? MRTR, M2 ERZ WEMBLRHE?

1.1

=

a BTEEEFHE—TSHBEFIRAHMTEM LR FIRBAFFL, TRAFS
FR9)

b A TIEEBMOB AR E AR E —H L, QR RVIFERH AR LT,
B EBE (ME—NARY) fxf, BoAEKGEA, FEARKG3MR, Kk
Pl ARLEROME, ) REBRB - E5REMOHRY, MERVEROKERAR
Biy% AR,
o HEFHANKE, HBORE0MTHE, RAGFUTRE: RE—-ARENE—-ATE, 5
BIARRME AN TEAR, BN TRAGARGERE, KK3H, ARRHEHRR
Afn (BRAB (dot product))
d. LynnefICalvin#S A8 #5 /M P, EAMIE. Lynne FREM A2, SRIHEEF R
%, {BCalvinAAifsLynne (FREEREMA EEMA, MERE—TRA L), FREH -
HE:

1) EsEMwE K.

2) MRE—dLGER L, WTFRENE,

3) WRE—KHEER L, 0Ttk @A,

4) MRESERKERLGEREE, WEFFHE (Fhp%x).
18 CalvinftyJ kR & T A BdkbRiE?
e BE—, BFUTSR:

1) L4

2) fmd

3) BEA2

4) W2

5) BxLA2

6) W1

7) BB, @B (RYRIRST T —@MI~RIIRIESTR) o FIRTHINTHIA AR5 R

(3B6F) + mFAO, DT RMISBME, HEE, WMRTHO, WMZRE 1R IFLE,

FRMSTLL LI1~T5,
FEHRYATB, RTARAREIRS S, HbIESELHR. REBAAXN R MnE
W4, Wi AFBEGUHH, B—SREMENREEL? IERROLEIR,
BRI TR * — A AFMFBHEF (sorting), A—FWEA “HibHeF (bubble sort)”;
RIVACESME XNk, HIPFHEITEx86 ISAWHLE L, x86 ISATLILH
Pentium IVE &M HR, BINFXE—AFFH “HigHF, CIEZRE. x86 ISA,
Pentium IVi#k4y” R4t (transformation process), FH{RIEIA 1A LFHFREYS:, BT
UAFISFRES&E (C. C++, Pascal, Fortran, COBOL) , # filfix86F1SPARCHFRISARIG:
#E&, HA=H . 3FHSPARC o A
a. A B OF BT R b. FEE M R B2




LS L 2S0

13

115
1.16
117
1.18
1.19
1.20

)

1.22

1.2

8

c. RxS6HIMEEIR 2R (TiAR3H), SPARCRIMZ HIR4F (TIAR3M), WAKES
DREBE R

HEHEEERRBIE ML, TR — DR,

IR ELZATSAE LFBENNE.

T AR ISARIES # 2 B X 51

— IR FTARIL S PFISA? BRI, —FISATTLATE O FhifesH EXB?

Pl BOFA B, HEBRER—AHIT.

B 1-6FRRI B B UOE ¥ X ERARTFMR BKR. RIAHXFHERTAE? KAK
FAMCARERE .

RIGIRE R EM R TR, WK E N L 2 R RRBESHRARRCH
EE? RRSHMIHEHLISARAMER? HEE.

BgRE—MES, TRE-CHE—BENHRTHE, AALEFRBRNTEN—B (IFL
W “BEEHRT). KA, RREGH—ERRRTERERK? Hta?

At 2B ETWBEREHKAATZEISA? B, Intel2d Fh 2 EH{RPentium I
FRBMISA—EE 52 #ifPentium I—#? 7. SEFARHEH (EHRKEHFEICPU)
ZJE, R BEFRRAOKNT?



$2E bit, HBRURHAER

2.1 bitHiE%R
2.1.1 bit—ERARA S

WFIEPTR, RiVE, HRHNE-TRETERERMAL. ~THERES (NKE)
AR, B r BB RILA B R TE (ERKMBEETiZE), FEALURNR.

FEHFHLAEE, ABUATE 5 & A ESSHIE o T8 3h . X288 (EREF UE N2 Bk b & b
BEMEL, FEMHARGREES, ENAREMEENEL, RETEWNRILEMBERD,
{Bix BRE A FREHMRMAROTEL K. ORAFERWARPEERAAREHRE,
WA RN B IR, R0 RtETER ARRER,

HARENE T BB EREE EOEE, RNBEYANGER. X REET
ARRI20V, HATRERIISVRER18.6V, HE, mRBNAAMMEFEEREHE (AXLE
KRB RERLUE=A R4, FEREREE T, fim, ROFHEERREFHRBAL
FRRILE, O ERSMWEkK,

ERSELE, BIRA “17 RAWAEFELE, @ 0" LRMARTEERE, &I
HEE— AN ELR 17 BAR ‘0" MFSRMA—A “bit®”, HIFTEM HBRTS%, BB
—TAKMBEH FERBREOFRAKT—0. 1, 2. 3, . 9, BXI04AM%TF, RITTURS
HEERTHE. FH, R EBEN, BEERBEESI KT (0Mm1) oW,

B, HRALART (B “17) FOERF (B “07) H A HAMBEEE L. RiE
B, 0" HAFRRB PR B AIEERE, ERNERYE 0" FIRRRMBEL “1” FiR%EHN
R E &S FREMO, FH ‘1" FoRERFRENRERSHREMERMRX. B, HRENEX
29VAIHLERR 17, MOVARERS “07, {BMRHRMBKEMEMRER D26V, HEILAHE
Aiff “17 RALHE, FHE, MREEREER02V, HRILIBELRM 07

LR, WANREELEBANBEEEATE. HFEXE, ABAAHIRE, BHE
(A “1” #oR) FIERE (A “0" #oR). ATHRTELMRERE, RITTLHEERES
HAEM, teansAbitd B (AI84&&H), XHERE LAFIR256/ 7 [E4R #:(00000000~11111111), &
W, KU A TR (2 ARRERE, B4 RES SR OMIMbIFAIAE . RITHRIXO
FIRIFFIAGG, 50 R — e E SR E.

2.1.2 MiB%H

BEMZEHEEFEHE, mBIHS: THFFSRTATS 57 o BAEABHSFHLK
FoR, BHRBRE ‘11117 (B4 17 RE-EKL), SHHEFRALEH, FEAMRAT
VT RFERIES, TR, ROFABFFERH %, R HHELRAN - HGFoRE, HE
SFTH “000001017,

© BBEURIMIAMY K, bitk AKX R IFARERR I ABRA, Wi Teh, XHbidr £ HBME, o ",
“HEFT, EBILEERERA. EREAXFER, ARSI XWE, — ST



bit, #EENARER 15

RARMBESFES “HE" SRABN, HEIELARERIEXERIEMRED . MRRINTAR
EXTHIAMFEH KX (REBHR), FMEELTHXORESE, WEE L ERZFE SR
AT AN, BATRAESE (SA) MELT AKXV BRI ORIERS, KB
HEOKET LA L (RRFISARIRIHER). B9, ROKERRZEHRAMG (2's
Complement) HISFRIE. F¥H, EREMATIRREHHMFAS, RMASCUSLERFH.
KT XPIFMIERR, ERERYT P& I FAARRE.

Bribzsh, BHFERESIMMBIERTI ik, W@ AERAGE “FEFRE" (scientific
notation) , BIHFMIH621RTA6.21 x 10°, BFE, WKEEMIIRILIF L FXMIRS &, I
WU RIRIEIS S, RABRZA “$.57 (floating point) HIEHKA, 7E2.6WHEMNBE,

2.2 BEUIERKE

221 XHSEN

RIHENBHE—F “HRFRFE™ R ML REFS#H (unsigned integer),
TSR RALP AR R IE . LaIRANA R RE — MES RSTRY, ER-A T
SR, HERICRILESTH L ORMTRE. 5ob, RILETLAMERTH S EHERA
FINFE T bL, XS4 TE SRR, 1295 KRB 1315k,

BA VTS — TS BB A —E HR BB FIFF (string of binary digits), 4 TE
BT A &, RO EEB— T % A,

VREZIZSIE IR 329" RAt 2 RWBAL? XR—F “fi{li#" (positional notation) FR7F
&, B) “PrE” REHIE BE Kb, 93297, REFHPMBF 37 HET 97 b
(RAER=H2Z—K), # 3" HREE 9" Fi, FAEXE “37 REGRKME300 (3x
10°), ffi “9” RAE9 (9x10°),

TREGIFNEDE TR 5 AR, R E R ERSET AR 07 R (17, B
(base) 42 (ifiAR10), #nfEAS bikFRHIE “67, WFRA “001107, B

6=0x2'40x2"+1x22+1x2' +0x2°

FRADII A LARR2N T S B (MOFI2'-1), M EFEMS-bIEF, TIRRHKIELERZ
#31,

222 HESEN

AT, KRR AP FERRI G, RIZERFOR AR RATTLM2k-bid— 2>
HT, —HFTER, BRETROE. BL, FES- bR H R RIO0-+3 I KEEH, RERT—
HRREH “+1-+157, —EREOY “—1~-157, KI30/BM, FE L, SAbIATLAFRI2Z
W, KRTHHNGFRATE. MREAIN P EELF00000K R HIE0, KHDH—4ABF
KoL, THE, BAHFHROMEERX S ROTT,

18R, RAVBAELMT “5r8" BFAm, MAEAmLEnToRER. METR AN

KA, DARA AN R, BTAMbIG AURRH2AEF, HHH
H—EH, #R (0~27'-1) WIESN, RATAXLEBKIKEMbIERH0, 7k = ST
W, FIREHBAES RS, 01111,

HERE2- PR ZFRIERE, EIEFRROMLAOF A ERM B —HE, B4 nMiZE
LFORWE (LARAIAS-DICHB], H—1E-15) 7 B—FBRE. LBHbIREGS, OCHEY, 1%
B, PR IEFRAF S (Signed Magnitude) Fonik, ¥ A B, XHERDHHENL
CDC6600F R, Kk : #H—AERMBTAbIRIEUL, RIS % ERF R B ERD, B
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0 ‘45" FRH “001017, F4 “-5" WA “11010", HAWRLHAEM (1’s Complement) FiFik,

SR, EETRINY, ETRAMAGHHEEELBETRIGENET. T BEREN
£, TREIMIRGY %S SFEAROMERZRARE. HERANHHREH %, FSEMR
W, EEAZRIET LY R, fim, MFSHERAEANBORM, kR R S ERE
frAin. Bk, ROVERIUEZEWAERIEHRELR, BRAMHERLIS (2's complement)
Fortk. BET, JLFBARHRNERAX ARG ER.

2.3 #dl
ME2-1FR, BATTURBIR M~ 16-+153 (2's Complement) #F, EHIFRT,
Hh IR A 407

# WARH YA
TSRS RS A
00000 0 0 0
00001 1 1 1
00010 2 2 2
00011 3 3 3
00100 4 4 4
00101 5 5 5
00110 6 6 6
00111 7 7 7
01000 8 8 8
01001 9 9 9
01010 10 10 10
01011 1 1 n
01100 12 12 12
01101 13 13 13
o110 14 14 14
o111 15 15 15
10000 -0 -15 -16
10001 -1 -14 -15
10010 -2 -13 -14
10011 -3 -12 -13
10100 -4 -1 ~12
10101 -5 -10 -1
10110 -6 -9 -10
10111 -7 -8 -9
11000 -8 -1 -8
11001 -9 -6 -7
11010 -10 -5 -6
11011 -1 -4 -5
11100 -12 -3 -4
11101 -13 -2 -3
1110 -14 -1 -2
i -15 -0 i

B2-1 HAFSBH (signed integer) M=RFTH KO

© MTHEu#mik (Signed Magnitude), BHIRTENSHi, HFRFD (1's Complement) FiA fHR o
*FAMG (2's Complement), fi¥=2"-1, —FHHE



bit, #BEATRAREN 17

HATES, ERORDSRLEER. LIS-bichHl, B4 (2°) REEEH—LHTFRERE
Of1~2'- 1/ IE RS
AEOBATH MR, MATHTE, PR (2R R R B R AR JLPHARTR
HLEBR AR RBMLFISE R INEZ R, AN AZHEN ¥4 (Arithmetic and Logic Unit, ALU),
RAVEERES, AHBMMBALUNEH, AEBRNATEREEAR M RAN—HEH, EHYH
R A ZHERIBR ARG, HEREmA HAR,
TBARELS-bith ABK (pattern) B9 EMIMHH, MRILA A A% 51400110F100101, 0
ALUFH01011, B]
00110
00101
01011
3R AN R 5 43t ik e AR . A 1R 224 R BAR TR F R AN, AR AT
B Ak 7 A L, W23k (bt NI e B Andk i 1 o
AR —RAE, ALURMEBAXOEMFE M MARTRENENS L, B0FR, R
L3t EA IR BONZ (ADD) WA ER G (MEK. AUKEREE). XHEBERITLH
HERBE-TEEOHRBHR, URIEERMABRIARR, CHBH-EERER. ©
TEBRNSHIEFRIATH GG XMER, Bk, EHAABREERFSHERON K2R
A0, BWIFEL, HTEENTIEOMBR-ATA, EHENSRBERT, ALUXM ENHNEkLE
R 1% 400000,
B, AFREIHRLLER, GBI R HEER A AR BTN,
fin, BH+SHFDFR00101, WI-SHRFERRZLI011,
S5, WBEREM—MHFER, WRHBE—IST+ISHEANBFHFHFF, HEHAET
ZEZAIEAF 400001, FHEENAKFEHHRETXNAR:

REPRESENTATION(value + 1) =
INTATION(value) + TATION(1).

Ji#, REPRESENTATION (value) fR#EM{HvalueBixfFifyiF, hMRIMEN, REHIE
ARFISE/NF-16, ALUZRRGIEERIIIELE R,

B A HIEOF-1AURSF, BI111117100000, 43k {15058 343 1A — 1 AHO000 1 Y SR FERF ,
11 I ALURIH) H 25 R TG 400000, (HRIEHEH — e, s T xR eERme, BiLl
A1~ 17400001 Z fEMIEE R0, A Z100000, 7k, HEAbHESRT, WL LEHDE
Heh, btk R BB

#F: EABFRE, MRCR-NERERANDF, FTEMR Y itk RA AN S -AR
B, SEARE: BN, AFARBFRRR, REARKED (AAHNG), FXARMMI,
kB -ARIFG, BATMBZAMHANBIE—T. HFERA, EE5XREZEH111L, mE
BAHF00001 5 1IT1IAANN, 53R EIAH00000, MTHEY TEMGHRT, AL-AZAMBFHRE
iR EHHI.

© IR “Since the binary ALU only ADDs and does not CARE”, XRRnRRATH KA, &REHHTEA
Hfts, REQEAR—A “HM", T W™ @ ERME, —iF8E

© FiR “itfr (camry) MEERTFAELW, FLBMARITZALL (40
FHPS-bi ), T BAGLL FP ARG, T (WTEEI) By, —-i%#E




it FRE, RATESIZES-bit ALUEIT, 01101F110011#1714500000, [EitALULH™
A AR, BREBE, B6SE EOTI01H110011 KA RAZ 1AL 100000, EMZRHFTE, {EHTHIE

Frb, bR,
Fg, ERMMS-bRLH, TR T HILORIISA ERRICR BRI AT SRS 2 B
[, R T 15+15+1=3 1A, RA1AIES-bitaT AR =324, M4, FT—/ABF

100008 4 5y BeAUE?
RAEBF - WRFR111, —2R 11110, —3R11101, K. KT, RO, 156
W R10001, AnRHF100014k5EM1, WIAFI10000, FiLd, WRALURIHRATR, BATTLIER

1000034 iz ¥ {16

ZEmSRE, WA B—RFRHLC3 (LCfEHKLitle Computer) HITHIRHL. LC-3HRH
16-bitshiG 3, B LC-3H %1 76 6 4 M—32 T68%5(+32 767 2 IHIHI BT ¥ 5.
2.4 NSl ERER

B HEHLR PR e B B T A 0 e AT R R, DR R B
ez R B AR L
2.4.1 ZHEGIMEESS RS

A it - e R A T DAS-bivHCHE O (1, JCANED B X A 8 M 7 PR
—128~+127, ALAf§—A-8-bit ZHEHI BN ANT «

70605 a4 A3 @, A, Ao

Seo, (EEfLaMEHOR]. HBSRMT:
(1) BEBESk, MRFSHa =0, REEAES, WMk, ffa =1, ik
(s, A1 B B H R AR IE RS (RIRHHE— A 58) .
(2) HBRHAMHRREE, KT EEO SR LA
X204+ agx 2 +a X2 +ayx 2 + a4 x 2 +a, x2' +a,x2°

(3) mEEER T (BR1), RIVALEDSERAE I E RS




bit, #EELARER

242 tHiHMERY ZHEAY

MR ) T, BRI ARl THERMOGKBT RO, mft—4 2
B, AL TR AR {4 21 nRAs B, MIBAEALZO,
UBHREA8-bit ~HEHIB B, —AM8-bit ZEHIBT AR H A PR LI «
a,x2 +agx 2+ agx 2’ +a,x 2 +ayx 2+ ay,x 22+ @, x 2" +a,x 2°
FATERLL— R BT RER CH LBl St B,
BE+ I AH+105, BATHHFBOD R —HHS. BT ZMHES, FERLTR
FHIa L IRAK0, .
FTHES A RMME THIFROFHal (i=0~6):
105 =agx 25+ ax 2° 4+ @, x 2+ @y x 2 + 4 x 22 + a, x 2' + ag x 2°
HIT 10524 %, BitafIBIEh1. AR N FRRFRER KL, X5,
104 =a,x2° +a;x 25+ a,x2' + a; x 2* + a,x 2 + a, x 2!
A EEFXFREA B2, 08
52=agx P +agx2 +a,x P +ayx 2 +ayx2' +a,x2°
HTS2RIE, BHBIRE Fa, L840,
R, BREE FRAARER BRI ARIE (051), REBRE2, BIFRHFTIANG,
fA. TS

52=agx 2 +a;x2 +a,x 2 +a,x 2> +ayx 2"

AhEE 5
26=agx2' +a;x 2 +a,x 22 +ayx2' +a,x2°
BEit, a,2h0.
13=agx2 +a;x 2% +a,x2' +ayx2°
B, ashl,
6=a,x 2 +a;x2' +a,x2°
B, aho,
3=a,x2' +a;x2°
B, ashl.

1=agx2°
Bk, achl, H5RH 401101001,
BE-TRANER, BE—ATHBIBAIRIHELN, W SISk BT .
(1) SR+ REHBNRF DT ER:
N=agx2+a;x2°+a,x2' +a;x2° + a, x 22 + a, x 2" + @, x 2°
IEREMITUT IR, ERER/AEDTRO:
a WRNAEE, WABBRILah1, MENKES, WAL R R0,
b ARKHEAFMEMBEL (NHAE) RO (NAHBY), HRBMLL. 25, HEXFR
TR BREA2,
T, TEAKR Tl
(2) B/5, MRNEAHE, WaBEA0, 5,
(3) RN H T, WHREEIA0, RIEKIZBFOHWG, T,
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25 bitiE¥Zz—: HAREH
251 fuEfnmE

ZE R AR S S A TR A R A S AR AR
B RAR AT T, A A R TR, B AR AR, b A S R itk —
(EHBRBARRI), i dREA SRR — (FREABRD).

Wk AR R Nk, A-BEM TA+(-B).

252 HEFR

FE—LeHfIL T, AT G FIZER, BB SR A RIbICRFORRAF . Blan, H(ES
5 3% 77 50000000000000101,, EA 4164 bit&RRAH000101, XAFR AT RELLIRALERAET . &
E b, ROTZBEIXAE DR, BHE -DRATEAH L0, HA&%EEME. G, LRE
{4 15 4$456.78 55 $0000456.78 2 [l 141 £ (X 31

Mo, xFRBUR? RIOAE-SHH, mRBAIA6-bivkERR, HKIASHT000101, —50]
HI1011, A1 16-bisk#sR, H{H5%0000000000000101, —SHI% 1111111111101, FH



bit, B#EXALAREN 21

M%3, wFEEERFEMO—#, ERBMEMBAZERE,

T, ROBEFEHEMOBE, RORHA, WREFHARTKESFH MK E MM,
HEE—LEAE, fim, HEIBR-SEEMM. HF, #13%540000000000001101, Hi—5FT
$111011, HBLALUHF H A ML REH 20

0000000000001101
+ 111011

BT, ROV II011PEGRADREIR? MR RIHEMLEREMEL0, BLE
+ I3 BCH AT RS, KBt 47 E$0000000000111011 L EAIR+59, X#E, HRHMALR
HRAT2, BARHIRE.

Aifi, RBOEIRBHE-5H6-bitF R 516-bitFoR Z MM 2S5 (ANR AL E R LT LM
1), HHEH6-bithFHA SV R, HHHh16-bit, MHARITHR:

0000000000001101
# 111111 111011
0000000000001000

TR, &RIEW, B+8,

HEEU LB, ROVBHER: ETHSERAREIMEESMORRRERE, R, £
¥AEEMERSM (FSTR) WARREHE, RORIHEABIES “HS5HR (Sign-
Extension), {BJ#RSEXT. %S4 REER FERAEKEL HBIMMMNNILE.

253 M

FAMAIE, FAHMZHLRDLRBAGHDFHRRERR/MIMKR, wREL,
HELLERE?

FR—EBBHENRE EMERE, CHEARERNELATRMOKEY. EEAMREL,
40 BRI LATE 499992, MHFXFTRI0KET, EHHEH00092, X £ EHEERES
TR A 499999, M BRI 1000928 7% 500092, BB MBEMEERT .

EMBRMNFERREE T, MERRNES, AEOREAIIETYE 000 000X HLL L,
FRAFHERUEAALEEERR LTS N—0. LREK, AEMHEEFTEI1 000 000
KEFA K.

HEEBRE - MAROEHSREERSE, BRUGRZE, BHERN—ESR. fitn,
A0S B BERRIEHR000129, WFFHSOEEZ/E, HEBHEMR000179, HRA 2Bt frat,
FBuE .,

HEZT, ARSERERORHABERET R LT, HRCAS-bit ZHEHEHH, Rl
BAS-bitl FMFATEBR -16~+15, MRUREO+GIDIERLER, +98 i HIFERH01001,
+11E SR L0101, W

01001
+01011
10100

HERR—A Y (BB A Sh1), BRHET. TREA (49) + (+11) WLEREH
TS-bitsh AT RER TR B A IE B 0111 (H+15), MHRINMBHLREL TXMRKE, FBGH
Lo AT RSARIbit, &RiEK, SBMRHFAME, KRWIHIRZESXA. BAREREM,
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SRUADRIES, TMRALUSHELERRE 6%, BAMET, EIHELS, RIOFEH
HERRRNA “Ed7,
FREUREER, B, ®ER (-12) + (-6), —1209%ND% 10100, —6H#MNL11010,
B :
10100
+11010
01110
WHAIR T ZRAK (-12) + (-6) MERNTS-vikBTRERISHIB/NME (-16), @
FeALH A R L, T BT S ALE “BESRT, WIA USRS AR SR T R
HRE—AEH. FH, @SR RRH SRR A0TSR, B BRI EE,
TR, BRI A G B TR £ ER T S HRMAHRT. 3%k, hAAEXHRHER
SEBEMRT, ARkLbwt, —MEEM—AEAEMN, AZSBTA%EN, 2LT8225,

2.6 bitiZWZ—. iBIBEH

WE BRI R THBIEASE, k. k. ANESBRHEN B -REEZE, 0
Z#i&H (Logical Operation),

BHEEHHREMRRTHER, FREROREREHR: 0R1, T4 (logical) X
AL HRA T B fEl, BATRREMAOMLXRAN Bk REZEIREFE “R” (flase)
AT (rue), TZSBERSE BT FANS LEMEHLT,

BHER G EFERAR, KEBALURREIXLINGE,

261 "5 &N

“507 (AND) R—AitEBMER, XERECHEERCRREYR, BEMRERORE
ELH0, BLAHL, MRENFERIERFE S, MANDEBHERY1, TR, SRS A0,

BRRIERITIEE (BATH) EXHH AR HRRE KA (truth table), H{ERMTHM
Sy B A2 Fn+ 1, FinFisy JIREn N HRIER, BT ENRRIERTRBHER, FREAT
REAH0SKL, BLAn BRI SIIBTE ATHEA & % B h2n, HIERFPIE—TRET —HAL, &I
BE-FIRFZABH X THEBBERER,

ARSI AANDE T A B, RIERFPAFI, 2B A RRIES, TT8che (2°), 3R
FRIKZIRE 4.

AND
0
0
0

1 1

A AT LA A B m-bitfy Z BRI ANDIZTE, LR RIEBERGM Y, AR
G — bt {TANDIZ R, ETFHEAFI TR, afbiBR16-bit sy, cRafb2FH SHLE
Ro BAVEHXFHBRIEFRME L ANDERE,

A
0
0
1

- o -~ o|w

© ANDHShXRER “57, M CSHRIET. 5117 %, EATRAETE EHRRE (MEEoERR
“57), BLAEREN XS, AHREEEHANDESLR “ 5" BER 5" BRHT, —iFHE
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“8” (OR) f—A"JrZHha, CHMAFRIERTLZMER, RIAK0HK. (LM
AR ERAERAED A0, ORMIRHEERA KO0, KSR T, ORMMARS L. BAFEL, MW
BohtEE—/ b1, NORLRLMAI,

ORE WA AR T Fim:

A
0
0
1

o~ o|w
°

1 1 1
SANDERAL, el 14 7T LAZEPS m-bith) ZHEHIR 2 F TR LORE T .
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263 "I BH
“4E" (NOT) GERR—TLBHBERN, KBk EERTE IR, HBEW L HRRH A
(complement) ZFE, I HRHARIIILER ARHERATUHRZH HRMAR “A (inverting)
BT, MBERMAARL, WEHA0, MEHAAKO, WS
NOTERHI FUAR I THIR:
A NOT
0 1
1 0
4, NOTZHts LR ANDFIORZH — 4%, Rfm-bithy Bt f7HGr (bit-wise) NOT#{E,
(B el B AR R B 7B, et BLA R axt B GRS, AT HR
a 0011101001101001
¢ 1100010110010110

264 “RBE" EH
“Sk” (exclusive-OR), IFRXOR, WR—A —TLBMHE, Mk, CHRERTRREL,

A R RP0, RA1. MRFAMANRR, WXORKHH 1, MRFHAHE, W
XOR# it 50, XORHIJLHZ 4 T HiR:

XOR
0
1
1
1 1 0
AR AAIANDIS FAHIFR Jy3k, AP/ m-bit ~HERBGHAT SR XOREH .

A
0
0
1

o ~ olw

2.7 HipRE

BRI, RIS LB afr Ak (bit vector), M (float-point)  ASCIIFGAN
sl (HEX) SEIRAA. Y0 EfNETMaE.
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271 {ix#E

HEREARALS, Q& THSMLAT, FIETRERTA, 8w, —/MilEEREr
B-AIE, VnHHENSFOEREEE, ENE.ALTHIMARLT. BRENE, &
BB A BT I HE BB 2 (R TT, LAERAA I RAES .

TR IER/N BT, RATATLAR — /4 n-bithy “HEHIBR R XN BT, YFA BTN, R
MR AIbILEO; A BITIRRET, RAVEFHBRIRTE . RAOFREAN ZHMBH 2 RE"

(bit vector)

272 AW

F Ak S BB T AR T RBMIE T, ELC3, MMF Ry ihR16-bitkhil, Hp1s
AR EMBIE (BXHA), R IRk RZILEEOFS. Hik, LC3M&rMMIAER
MR —2521—1 (H-32 768~32 767), A IFRLC-3HI% (A4 A (precision) Z15f%, £ M
(range) 2", EAEREWRT, RNEFRERMKIE, 16.023x 10° (B/RHEKC), BARX
A T 16-bit “HEBIBARKTEE . Hok, EREARABHRK6 023 M.

[, A1 E £ A RERIE R XA A FT R B

i A BAIBIARRR T/ M, EFAFORER, RS2, HFARBHTAbIGEHTH
ERT, MR—HIbATREKMEEE (X, $/4), By HTFRRRIEME.

KRE WA JHRE LT —FREFIFAMRR, b 2@ W AR “float” 2%, h32-
bitZ A%, #bithIE LA -

5. 1bit, REMNS (ERRAK)

HAMFEH: 8bit, R&WE (&%, exponent)

MM, 23bit, RAME (RYES, fraction)

© MR (mole) R—A8BALL, 4 “1 mole of H,0 = 6.023 x 10” molecules of H,0" (#%wei), &K H
FbAvogadro ¥, BAFIFAERK Amedeo Avogadro (1778-1850) FISILGEHRH . “FEHFEIERE, EHT,
AR RSk T, fEhw T, XA EBER6.023 x 10%7, T 2T
Ffmolecule, %HArMIkTME, —EHE
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JUF B A B LB 2 1 0 6 P A 1 2-2 B R floanke X, i XAl L IEEEE £z Bibmifi Y —
#ar. 3

I < —8—>|<— 23

Im] #8_ (exponent) % (fraction) 1
Moo LEoe TR ey o
P22 7R

IR BAOREMBNP FRA R T (scientific notation) JEHAAMLL, w6.023 x
107t BB Sk B 7. ERMENSES, A=A RAUR: 5 (Rikh+), HHETF
(6.023), #5% (23), RAOVKHAMABEF AR (fraction), HEH, (EIFMFRESP, fraction
AP IENE (normalized), HI/NEAZeh A BAVA —AMERH ().

AN (nME2-25R) BRI =HBo AR, SFE SR At R B e,
TR REK BER23A TR R, BB RBENCR, BN B —
frAE0% ¥, (B ZHHAR T, XAE0%F AATRERL, FiLAX AR A SRR T . Bifi, 2
FE23bitRAER 24 AUREE . BB, (EIEEEGRUED, AR LARTEIEM L BEARE T .

FKFaBbsy, 156.023 x 107 P+ HIHEHOAFRYZL , IEEEIR S8 T 2360 (it
i) T, WEGARERANL: FEBERAMER (radix) %10, TIEEEF ;8%
Hh2, 8-bitdyHyiF B ATLIFOR256/4 AR T Bl . (5 P 2- 204 Y HR e VE B R 1~254, B4
FIA P15 5 {00000000F1 1 111111 FA 2 RBIR? B2-2eh 3f gk R & AR (THERE, RATH7EAR
TREHHER.

HEABCP ST BRSO IIE, MEMT KRR S TIEEA SRR 12721
SR, Bim, R KRR RS, 2B WA A 10000111 (BIEHFSH135), B
135-127 = 8, AR LFRAFHAR 125, AP435 5 W #R 400000010 (BIEFFS42), EHh
2-127=-125,

Bfa— N FBREMFSM. OREER, 1REMM. AXd, ZREDEREMRs =0, WHF

BH1, FHs=1, MWHh-1,




bit, HEXAYRREH

i KIEEER i BARE R ATERE, O ABER, W%k b, ROTEREFEAIII1H)
32-bitF RBAY S SR 28R A Y, AR T ROVFRITAMAEE, REMBLLIRmE,
BRT A SRS, AR ER) ULPHAMISABR&AN) BdRE, XFSIRAT
it b8, EREATUAZREAEH KMBUIA, T CAZGAAEH /NS, SR — SR R BT .

2.7.3 ASCII®

B —RE B R MR A L RO HIIR AT KB MR, TR —FAFETRLERA
TCAER A/ A Z 1A {638 “FRF” (character) WYSTDBRE. iXFH8-bitdifil 1 R BEFRIKASCILG,
ASCIIfR# 3 E 1% 8. I #bw#ERS  (American Standard Code for Information Interchange), ERIFTE
RN R, BETK (B, BRBSIEE) ZERET —E LT SRR R

GRIER A R, MM - ASCIIRG, Honfed Ei%F3, EMASCIIG R
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00110011, ¥F2fIASCIIFLZ00110010, /N Eef01100101, EEFRL00001101, " HHIFE,
FEEE-3FIH T e BMASCIR %R, Y/ A ERT — /MR, REFHEAHELNE]
ASCIFS{H, 2T {EH#iX M ASCITGHTS KM A Fig AvLE, HERSETFUNME.

e ERR S HAEE, WA IE—ASCIG, kS ERASCIGZ01000101, fi/hEeR
01100101, HXFAFRIEMRA EHRR—MkE. RABIHERSUBRTRME TR, K
BIFFED. RShifFER 3T, WXRRTAEE, ENRE/N Se,

Hoh, EBRE LRHMFR, BRBHAVBTASCURDE X IEHA BREM. ZRIEN
LA LRSI,

2.7.4 tA#HIHEE

RNEEL, FRTUFRTAHZHBING, ki, FAM. ASCIIBEHR. 4R, TF
ERMFEHRX, ROFENBANNEMRNR (FBELHEA) . BR, EEBH, BHN
B—FRRER, EFUESHRIRE, EREOL, CR-MHEAEROREHR, X
BRI OE, ERET C#fIFORE, (AESERT KR .

FELC-3eh, B TR B SR AR B A K B 166 3t il

B XEE— A 16-bit HEHIMDE

0011110101101110

RINMARE, EXR—E, RFAFHEERFEE. KA, REFXERTFRE %
47 TRATRRA A ERRR, NESHEL,

— 1667 BT AR I TR

81501481331281131039030104353,30,0, 0,

P E BRI AR,

ANRAFIZ16-bit “H BB EMEASEY, WATET FEOAR T EOE.:

@ x2% 4 a, X2+ a3 x 2% 42, X224 @y x 2" 4@y x 20+ @y x 27 + agx 28
+a; X2 +agx2%+asx 2%+ a,x2 +a;x 2>+ a,x 22 + a, x2' + a,x 2°

RA AR AATRBRA R T2", HS~8MIRRART2°, H9~120RMAR T2,
BEAREE, RRART2, WG

27[a; X 22+ a, X 2+ a3 x 2 + @y x 2°)
+2%[a, X 2% + @,y x 22 + 2y x 2" + ag x 2°)
+2a,x 2 + agx 2+ agx 2" + a, x 2°)
H20a; X2 + a4, x 22 + @y x 2"+ g x 2°)

R, BOAESAMRKEBRLS, MRENN-MFSRAXFESABE (MOH15),
FH2HINIE, CHBH16, 2BEh16', K160, N

hyx 16>+ by x 16> + h, X 16' + hy x 16°

Ko hFoRARR RS MM, AR a; < 2+ 0 x 2+ ayx2' +a,p x 27,

W EBARRETEER0~15, FLARIMAME0, 1, 2, 3,4, 5.6, 7, 8,9, A, B, C,
D. E. FEI6AFRARNRRM Shay16/ A IR, AIOFLH0000, 1ftd, -~ . oftFE1001, A
#1010, - . FRELLL, RAOBREFETEDTAHHIH (hexadecimal), H#E (base) b
16/ ET T ik
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Wi, mR+AEHBERFRAEMR—16-bit i HI%, T2 EMREERTR AR HftL?
BERE—T, +ASHBFETRERT2FER? BRACRERT Ll TEEH,
FRMRAT LA W2 LLRAIDBRA DI RE IR, R R
0011110101101110
BB A, BT 4B
0011 1101 0110 1110
BB (41bit) TR+ HIER
3D 6E
RINELB, REHIEHID6E,
BLA, HRZEmI R ARBR#HHNTSR) WEBEFORYERILMER. @i,
TAVATLAZR IS, AN, ASCUFARFFIRMAREXFHEMAR, R, XRICL Lo
BB, BRT E dHISE R KT ROE SHIR.

28 3@

2.1 A n-bitlg FILAROR £ A A R it

2.2 SRR ZHBbI R KFREE R 260 TR, ELBELL/bit? MREBER S A/NEF
B, XHEEZ Dbty

23 a RIFHHFEHONFE, MRBRIDDENFEIR— MM tHbid, BLELE
EZObIRFTTRH AR EA?
b R M bicl, XA BB LTRSS

24 SEnfr (bit), ENURREONTENEFSEE? THELA?

2.5 SnFFAS-bit bW FORBAA, BHBAATR-T B AR, F SN ETR A R

2.6 RM6-bitk FETRIE—32,

2.7 RBH4-bit — g HIAD T REFOR A BN

2.8 a 8-bit ZHEHIMMDREF NI AIE BB £ /07 5 515 HH+-HEHlF0 B,

HEFANBREFRH A BN FUBOR £ /07 5 515 st S0 B,

AL REEOR B E SRR £ 7

HEHANGETRER TR A BRI IR £ /07

2.9 MR ZH GG RFTERE 6.0 x 107, FEL A bit?

2.10 A5 T HRAY 3 R 0 3

a.1010 b. 01011010

c. 11111110 d. 0011100111010011
211 A5 T Y3 BB h8-bit i I .

a.102 b.64 .33

d.-128 e 127

212 ZREMAMERE MR RO, ALK KLRRIBS . R D S R AR 50
(B an 3 HI5001100), BPLXFEAH 2487

213 W TEA RIS A8-bil, BR ik R .
a. 1010 b. 011001
c. 1111111000 d.01
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2.21
222
2.23
2.24
2.25
2.26

228
2.29

WR TSI, SRIVARFOR N et

a. 1011 + 0001 b. 0000 + 1010 c. 1100 + 0011

d. 0101 + 0110 e. 1111 + 0001

ARG5S, BT — A TSRS N TR a2, RE, mRHRARIL,
EAIRRIRA . i

UPBELAT8-bit ik AL R, 357 315 Lk BT X RLA WA+

a TR E-TRIREG, b, TR S Brmn LTI S rkow,

. TRIAMD I TR,

HRLAT b fsh Gk, 34 Rkt s A,

a.01+1011 b. 11+ 01010101

€. 0101 + 110 d. 01 +10
WREAT RS s, JHE RSy TR RIER,
.01+ 1011 b. 11+ 01010101

€. 0101 + 110 d.01+10

AR 275y BIEE B8-S . 16-bitk ESAN32-bitkND, FEMIRFF S BIEX = Fhk
e e )

FELAT4-bikhia A, b BBt G/ At 7 MR BT S Ry IS S+t
HH AT LABRIE.

a. 1100 + 0011 b. 1100 + 0100 c. 0111 + 0001

d. 1000 - 0001 €. 0111 + 1001

AR ARGV T, FASHEAT = A it o

TR HH A 16-bitk NG AR NP A g HH O B -

REREN 20T, WA ERFSERAMMAT £,

TR HH AN 16-DitTE -5 o A= A i H IO B -

RAREE, b AZEAND R T BRI E BRI & = il 7
FRIA-C4FoR A "H BB AR, H BB

a BOFREZ bt

b. X LebitREB R ARV A E BB £/ (53 BI% H GRS 2

o XEEDIFEBFITHIBA L S BEARL LD 5y BI% H HAHotHi%) 7
LC-3Z—A16-bitit 5L, #nRLC-3%15+3010101010101010157100111001110011 LIFHANKILE
R 41000111100100100, i[FIZLERA FED? fh, FERHL? MBRAE, Hita?

IRMAZHANDIE TN 2 4 THRIE B,
HETHEZBANDIZHMHER,
x Y XANDY x ¥ XANDY
0 0 1 0

0 1 1 1

KETFIBBRER, B HBRT,

a.01010111 AND 11010111 b. 101 AND 110
c. 11100000 AND 10110100 d. 00011111 AND 10110100
e. (0011 AND 0110) AND 1101 .0011 AND (0110 AND 1101)

R EHRORBHIEN 2 R TRt A1,
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2.32 HETHMZHOREHMEER.,

x I3 XORY X Y XORY

0 0 i 0
0 1 1 1

2.33 K TIIEMEHLER:
a.01010111 OR 11010111 b. 101 OR 110
¢. 11100000 OR 10110100 d. 00011111 OR 10110100
e. (0101 OR 1100) OR 1101 £.0101 OR (1100 OR 1101)
234 KM THIBMBHLER .
a. NOT(1011) OR NOT(1100) b. NOT(1000 AND (1100 OR 0101))
c. NOT(NOT(1101)) d. (0110 OR 0000) AND 1111

235 RER, ARG, FETOEREMLL?
236 BEARHI2-11, EELATEE:
a RESRH2EHLES TR, BRFHMIER LD MTH2BBEE?
b IREFMIFIA2, 6SHENBD “ZR™, FRTHIZRLD? RiTH2EERE (8
R RE—RBREAT) 2
c MREFAFANSBLT R RE, BRFELD? RITHL8ME?
d MREFTHAIBMET 2R RE, BRFLLED? WTHLRE?
e WE—NEF, SIIRES2I. MBRFE2IH0, WA FH 100000000, fmPHE26rH1,
WE 4 11000000, BAgiER, E%H FixHE—HER, BIXBUSYNESSHIEY.

f b7 l b6 ‘ bS5 I b4 , b3 ‘ b2 | bl | b0 |
LB NS
w2 | o [ o [ o] o] o [ o o]

(BoR: —AZEhlBAn A ST 2 07)

237 fRiftn, m. sERRA-biLY, HsRafimiRmEILR. mR ALY ERM2.64 I BT R
BH, T M R R TR RE—RF, WAn, mIsEE, mBnfim
ARfEH, WIHH1000, ARG, W4 10000,

238 fmRn, m, SERADUEFSEY, sEo 5SmSR, mERLEEM2.6% 09 BHE
WEH, wmfTHMaRmE M RET RN RSB, BAn, mAseE, mFEaf
mABANEE , U100, AN, N5 H0000,

239 HLAT %o 5 RIEEER 8O Ko

23
a.375 b 55
c.3.1415927 d. 64 000

240 HLAFIEEER S ¥cH#oh -+t fil%.
a.0 10000000 00000000000000000000000
b. 1 10000011 00010000000000000000000
.0 11111111 00000000000000000000000
d. 1 10000000 10010000000000000000000
2.41 a. 32-bit IEEEFE M REFRHI B A SRR £ /07
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b. 32-bit IEEE?E A MAEF RO NI 507
—ABERRE T —ARERAMER, BREFFELR, SHSEMOERREFE ",
WA HT R AR R T R

LA+ HIASCIIRE 5 248-bit ~ i HIASCIIR,

a. x48656¢6¢6f21 b. x68454c4caf21

c. x436f6d70757465727321 d. x4c432d32

IREH IO R MATHBR TR 3" WASCIS, WRmTRIE? B4, RF4F
FH " BRI, T RN LR R B

LT SR S5 RSB AR SR,

a. 1101 0001 1010 1111 b.001 1111
c.1 d. 1110 1101 1011 0010

AT S B Bob R R .

a.x10 b. x801

c. xF731 d. xOF1E2D

e. xBCAD

AT ARSNGB B3

a. XFO b. x7FF

c.x16 d. x8000

LT 3 B o st BANG R A T .

a.256 b. 111

c. 123 456 789 d. -44
TFERTARHEIBZAGER, W7, BT THENRIFAERIR, okt
RERME, SRVBRATAERER.

a. x025B + x26DE b. x7D96 + XFOAQ

©. XA397 + XA35D d. x7D96 + x7412

e. spcHdy it HERA 23 TG ?

2.50 TFEAT/HFIBHZREHE. #T, BETHENRFN ZHHSR, MASTEER
W, SRR AHAHHIFT.
a.x5478 AND Xfdea b. xABCD AND x1234
. NOT(NOT(xDEFA)) AND (NOT(xFFFF)) d. X00FF XOR x325C
251 REHLUTBERHAHH]R.
2.25675 b. 675.625, 1EEE 75412 AR A
c. ASCIIF/F# : Hello
2.52  {BiGNHEHIBAHx434FADS0RIXS5544552, WIE TH, M RARRNH AT,

x434F4D50 55544552

KRS it SR
ZHEMRBER
RIS R

IEEE 7542 AMBR
ASCIL F77
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2.53

2.54

2.55

HEUTHAMAME, HAORFINOTIZHERQ,.

0, = NOT(4 AND B)
0, = NOT(NOT(4) AND NOT(8))

A B [ [
4 0 1 0
RETEATHHEX.

, = NOT(NOT(X) OR (X AND Y AND Z))
©Q,=NOT((Y OR Z) AND (X AND Y AND 2))

X Y z [} 2

0 0 0 0 1

RANCH T (base-2) Fo+75dtfil (base-16) MMFRTH ik, MBRRENF Sbase-4
KR, BRAFRZAWHH (quad), EMBERIF, SEBFOFORTLURO, 1, 283, Wid:
a A RR AN BAEF SHAR LD (HRTEHERS) 2

b. nfr MM EERENIBAEASHERS L (BT ERLALINHEY) ?

. HRF-5 ik B R023F22 1A £5 R

d. 3k H i FI 4269 IO LT .

. SR PO 123, 3% 40k —ERI T RIOFRTR

£ KPR 123 386 BN IEEETR SOB#ROR .

g BE—ARERY, ZREORAR - mI R, R ERR T, RE
ZREEYA S OMURMKE (7. HAAE, M TEE—EERA, HHTHRE
W) 2

R X —FF 8D B R, FSML1-bit, IEBFRA-bit (RIEEHT, Hibias=7), B

H3-bit, RIF, +ASHEBIBESHBAIZS-bINT KRB ERREN 27 Biakid (Tithl) £

E2



BT HFEHE

FEFF, BATERIEIR BIER S OM LB RATTH AT, fnintel 2 720004
HIOEBIVAEE, BEE 7420054 MOSEKE, FHE, 1BMZA F20024 4 HIPowerPC 750
FX8.8 7380025 M"MOSRHARE, ARE, RITHMRTMRATHEFEH—MOSRKER
TAERE, LARdnfq%TMOSRAFEXIZMI] (Logic Gate), MAJF RN TER 1Lk &
HRHARSETT. RITHERGEN AT ENRAR LT, W%, ALU. A%,

FEAFLE—EE, B,

3.1 MOSE#&#&

WAKEROUTI, EORREEMMEES, HEEMOSEEEHRTIRG, “MOS”
&4 & £+ F4% (metal-oxide semiconductor), HEMOSHIH A, REAFBIRTEH
EENRIMREANBEELZERT, BTaT2REBMA. ROIEH, WREMRESHR
MOS@ESRY, RITERFERD. BR, @HHRTMOSEAFTMTIERIESRBEN, £k
AR B, REME, RIEEALET MU AR EMEMOS REENES LIEFER, &
B TR AR AT £ AR AR

B3-LE—ARRMRE, ek AF (FHFNI0VEEREDAL). FE (L)
AT G ), MARBRITRARRE, BFRLAKD: HTikE TR, LHESR
W AT Z MR BB, B B K, it AT R AR S i B T 3 (I A ST
FF, ALASEBUZ BRI BRI, Wi SK B AT FER K o

H BAFR

F3-1 dTTF SR

AT, BAML AT LR — B RpRIMOS i (A RBEE3- LFR RO 36, AT #2120 2% 038 7 o
NPE3-250R, Hor E3-220RMIR — P n-MOSE H ;[ 3-2b&n-MOSE {3 e B i A
mE3-22F0R, ROBBZ(EERAZDW (R BRT), BN BIRHE BRI (gate),
“BM” (source) F ‘@A (drain), EARES, RIMNEFRLZEAFOKE, ABEHE
MOSER BRI — A BERKHE: 4 Fn-MOSRKE, MBMAMREA2IVEE, WERRMRR2



HFEIH 35

R E T — KB, EBHEN-MOSHFERT TR —HEEK, T UAF LK “B@” R “A
37, MEMRREROV, WREMRR ZAGHF, ROFRRMRB2ZE WH R FB”

(open circuit) ,
itk (D)

R 1G)—|

AR (S)
a)

FE3-2 nBMOSHE

F3-2b2 — A Hin-MOSHE | FLabFI/MAT AL RO (6 B Wi B . AR 7En-MOSE IR A0 12,9V
HUE, MIMOSHE 35, MWifERMBFTIZ FHR T B, #ATRAK. mEMREELOV,
MOSE R EFF 8, WA EBRITIF, FTHAK,

F3-2c R E3- 20 BLREE, EXFES, TRMIEY RERENE, ARk Ob) E54
BHEARE R (fi AR L RRRE R aBE), RN %RE . BERREER, T ARESM,
FXE, AFEREREENGRPOERXRIEFEL, 5 TER, HLL s
HL B EU R Ol A TR R

PRIMOSEFINEMOSEM TAEHLAEISE MR (RARANTEH), E3-3&p-

MOSHEHREME, 2p-MOSEHIMR A FEHOVET, AR AR 2 42T — G‘{

Wk, WLBSE, 4R EES2.9VE, Np-MOSEF&. HFp-
MOSHE#In-MOSE R T K IEAFARR , Bk B s anR R 2 & p-MOSHI
n-MOS @&, WHKILHE Y “CMOSHE”, MENEE RLbh ¥4
(Complementary Metal-Oxide Semiconductor, CMOS)

3.2 B

EF2EF, RIOCHLTAND, OR, NOTHEZBMAK R HRAR, FANHNBafTER
CMOSHEKRAEN. AR FIES, @HHKIBMARMCMOSHEHY BRI ThmE"
(Logic Gate Circuit), #IAND, OR, NOT#ZRBT# MAICMOSHEE, 2 JBHA 501"
(AND Gate), “@[7” (OR Gate) #1 “3E[7” (NOT Gate),

D
[E3-3 pEIMOSHE

3.2.1 3]

FI3-4FTR R T RALh B B — B AR, MR REEAR, —/4p-MOSE, —4n-
MOSHE, E3-dafk i FER A, M3-4bNIZRXaBIER A OV TIERE, &, Kb
p-MOSEMER T Rl R, Min-MOSEL FRILRE, FEit, Wil 52.VREEH. SHHR,
IRHAREHR2.9V, Np-MOSE AL Filiin-MOSE il , Mk Skl (0V), mBEE
FREFTLURE Tk R FOR, ME3-AcHiR, HE ‘0" REOVAE, HE “1” RE2IVEE,
R R ERIVER 2T FINOTER B KR LM .
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£I¥
29V
i pR
In Out In=0 Out=1
! n%Y
ov
a) b)
In Out In |Out
ov [ 29V o1
2.9V ov 1]o0
) L)

&3-4 CMOS R
BAEG, ROFMBOXEBRNOTESR (F28) MRKKH, W ILRBBHN “*
n” K “AA3",
322 m®1. R

BE3-5PRRRAE ], E3-SaRk KARIEIAE/AK, Ch2 p-MOSEAEE24n-MOSE
Eilo N

A B c
oV | 20V
oV 29V ov
29V ov ov
29v 29v ov

©)

3-5 BAkT
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H3-SbFRTAEARBMAOY . BRBA2IVEEMMNER TIERE, EXHHERT, LENDp-
MOSE&i#, TFHEAPp-MOSHAEERIE, BHMCE52IVEENF. Rifi, HTFBRAEDKN-MOS
Bl BILACKOV () il

WRAFIBIRGATAOV, W24p-MOSERM Fill, FHifitRHCHEE2IVAE, 8, ®HA
FEZHE (RAREY), EHE T2 n-MOSERRMFL, FHLUCSOVEEZ ARFELE,

MRAFIBRARMALR2.9V, WXBHI24p-MOSEHPAL T B, MHIRC52.9VRIEZ LW,
TR ARI2.9VELERIE T2 n-MOSEATIE T, WmCH#EH (0V),

B3-5c 845 T H3-Safim s AT iR R A . FlH THRAAMBIAR AR REAA

A=0V, B=0V
A=0V, B=29V
A=29V, B=0V
A=29V, B=29V

IR EE RSO AEME, MR mE3-SIRHEAER. RNZAKFCHRAS
ORZBi#ELMR ., FiLh, BIFRZH “HE” &%, WBHRNOR, KINORZBAHEBHRA “R
477,

AnRAEE3-Safi R EE M — SR A%, mE3-6aPR, MK ADAKHMROREH, &
3-6bRABA N0, BAKHIRIRE THRRE, M3-6cRikhbmmEER,

)
B3-6 37

323 5i1. 5301

FE3-TR S TS, KPARBE—MBAROV, CE52LIVEREREE, MCHRBRTE, MK
SR CAE M- MOSTE @ I HDRM . B2, EE3-THRMEKS, MBARBHE—RBAY
OV, MIFBDRBHAOV,
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FIFE, RINEKBZQBFOAFEE L BRI~ 04T WRATMBHRE—RBA
A0, WARBLZHIRI2 M n-MOSEF, ELH—TRIFEN (W), ERECSHZINEIRGIF
#, CHitHh2.9V, Eok# EATEHIEP-MOSERIF#M. FLL, D529V 2 RAMEH .,

MRAFIBHIMARR29V, MA, BIEHI2Ap-MOSELRFFBERY, 2/ n-MOSERSE, W
MCH., mTCHM, NBALAP-MOSKIHE, RHDH2V,

®3-7 507

E3-ToR E3-Tat B B A RA R TER, ZRBER A “5177 (AND Gate), MiE&KAR
B RNOT-AND/] (Mt HC), % “53E(]” (NAND Gate),

UL EABOMRERFERMBF B DK AL 0%, Fim, BBRIVEUGERS,
BREETLESARMAE (NOT Gate), i ERA, M3-84H T |mBARENS, K,
FERARE . SAEMTAEENEZRIIRUE AT, A -/ DEE, EFRRURERIE, BINOT,

ATRERS, ELRRRRES, SAFEHGEET, MRRAME3-8FRIXEHrs

KA E BRI,

- D D

2) RHI% b) 507 ©) &I

- 9>

d) 54ki] ©) Rk
M3-8 EA&THT

3.2.4 WMRER

R, E3-9aBRMA M SIEE BRIV Z A TLABMEUR, AnfE s ANDJ Vi A SHAYE A B A5
FRRL RERMBE “BUL" B, BN STINBEARAATBILIR, FMHARHERE .,
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TEBRIEREHEOER.

PE3-9 pE A

FE3-9bFREABA SO, BEAL IR B TS, b THRREW, RIMNBS5HOS5/)
B 2 R RTF T BE A, AT A5 (8 T %1& 525 ROMRTE RO L I T #8.

E3-9cRE3-Sa I FIRALLA T, HMHBIMEER. Hbh, AFTAREBRK (NOTA),

TR % TR R R TR

AANDB=AORB

WMRAARES RN, EHEBE.

“AFEARBEABOIHR” FHTF “AFBLHELH A HH",

BB RARK AR BEARER (De Morgan's law), BRIE], dRXt—1 51 1095 AFif )
BBRR, HEHRERRLTRL?

3.25 ZWAI

FELAEMINEMZH, RAOTREH 1R
AV R—T. ZAifr48MIAND, OR, NANDFINOR%
AMERITHAAR M RA . ROBTLARHAHI M
AMIEITRANBABIRI T, B, MF— A
507, RAE YA AN IR, n-AND[#)
WAA B MR EE—-RWAS0, Wn-ANDEY
HHH0, FFE, XF—/n-$AKORI], MEER
—MBARKL, Rin-ORITMEHA L Hi DA LEEA A3-10 3MAL(]

#40, n-OR[ T4 A %0,

BE3-105i R & —3A 5T, E3-10a@3GASITHRER, E3-106R3GA 5 RS
#xif,

R, EEEHMAASIH “MOSEEIBE ? LIRBAS]. 4MARIT?

3.3 AFBE

BAERMNEEREATRNOTIERE, TSNS RAXEEF TR 1R METRE
), BB RIS EEEANEHE T,

BAREHYAFRYE, —RRTUFBEEN, 5 —-RRFRAMIEAN, FMEEEL, 35
F36Fi M, FHEMEFNIR, X (FREMELN) HHBERE 2 XEL"
(decision element) , i # T T HFRHL “40 444 K™ (combinational logic structure), X%
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ENRHRETLBRT “ 5007 BREHMRA. ROIEHR, ZREMDRHERESEBRTE
55 L1 8 (FLAnCILEE L apRY), BhiX: FRARE L HRMED,

HOVE BB AABEEMR . FWHE (decoder), LBAMB (mux) FLmMBE (full
adder)

3.3.1 W%

E3- 1R —A 24 A BTG B RBRIT1454, BOBOKAL, ERFTRHFEANAE—H1,
HAEH0, SNMRMA AR T —F AR (input pattern), HZEHWTLARTFRN, TR
AEIRMABR, B, FFEEBEMA, WA MHH, B0 XK. EFERARR
T, MEMHLH TG, ROER, HTFE-HHR, SRE-MHERTAH, KEBRTES
0, E3-1180R, FHENHMEAATBEIFAL, ME—HMALLT, AME—MIHEN1,
Gign, PE3-11bHiFMRERAND “10” B, HIEEIRBHEHR R,

A A=1
B 1,44, BAAK00 p_ 0

1, %4, B &K01 —j__)—‘ 0

1, %A, BfIA K10

A:D—l, A, BEABU 0
»

b)
M3-11 24 A DR

FEEEMTRE— TGN ROERSHPHRE, ELC3%, SRESNAGRE
R — AR “#AFG” (opeode) MY HBIHPER, ER—4-bitllE, RIFSH—ES,
RBIERAES (RIBIED) H94-16F0%, RMEXERNALEBR,

332 SHNAR

E3-12aR— A2 A 3 34 L AR (multiplexer, MUX) #1 TBUREE . MUXEISHEERL RN £
AMRAFERE—A, R EHHAE. ERES (H3-12905) ARREXNELEH 1,
muxfy TR A3 12505, MRSHO (ME3-12b), ZEIFRBoAb—4 51 145HH0, BE
REREDIMA 5], HARBAO, WALSITHBLRN0 (HH 5 1RAHE —HONH H
BRA0), L, EBSREZLIRTARME. SAER, 7S = OMHRT, A = WAL
SITHBA0, A= (MZL5 REEH. BERTEORT, BFALSTRRHEAB0, ALl
EXRIOMHPRIEA. S22, RITWRHCSS5IMRHTLHR. REMHSERER, £S=0
WHRT, MHCSMAAZLHR.

MR, IFEFESS =1, WBSIMSE (AND), #TCEBRELHMMR.

B2, BHCHEREHAAME. REBABHE, RELLBH—1, TLhEBESSHR
E. B, BRITESHENMUXBAR (ARB) EEHIR, B3 1257 —MUXRBEIRG S,



#FIH 41

A B
s
A
c
c c

a) b) ©)
B3-12 21 F S
ZHEME (mux) BHEBE2MRA, IMRHFANERRAR. B3-13a- 4K S

FBHRER, BHMRAEREAR, TE3-13bR4% 1 28I KON,
BRI, PRAEENHSHE ] X B ABAREED? BALHFRESOTERL?

) B c D
S(1:0]
ABCD
higrh
2
s

T
out our

) b

H3-13 k1 EREMS

333 2k

FEF2R R, BAIE TR SRR . 8 B A 3 ki A 5 o ok it B AR AR
W, WEmE, BREE—T, BUWIINEAIRFESZMHLEINEFEM, RETEY
L RIEZE T —FIERME . f—FRME, E_damakdldtl, mHEsmks
WR105ET,

B3-14FREn-bit ZHE B BOMSM R R . AERFROER bR MMER. &
71 Ok R &I Am, BFA BB (afb) RIAHE M —FIRHE (carry), HHL
RAWA, —RYUFKIML (S), ZRHEET-FIBHMH carry,,. B, MRE3I bitsh 2
H—AhL, WS, = 1. carry., = 0, MR bithHFHANL, WIS, = 0, carry,, = 1; MBI/ bitd
H1, WS, =1, carry, =1,

© IR “At cach column”, {HUEAL “BFI" MWEME: EFRERMAHE 5", TRZRHES

R HMEERR & T AT RN RO R R, — R



42 E3¥

a, 5, carry, carry,., s
0 0 0 0 0
0 o 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

B3-14 ik S e KIHR

E3-1SRE3- 14 ARG TRBEHR. EE3-154, A (0. b. carry) RISH4LE, H—
R, B BRAE - SI1RHA1. TiC. iR EE3- 14 ER P carry,, = 1R9IREA A
T AR, X ERE ST A R R AR A TS, SXML, SHERAR
SXESIH ZFAHE, BHSFE-40IER, WHAERES = IEHEAAHR.

EE, SMAAA000MIERT, fERERSBETEMcarry, AHMS, R ZHANDZ
WA EC, S T — R HE,

RAFFME3-1SFRABRREY “2mB”, EXMINMA (a bficarry,) #M, P2
Wl (SFcarry.,).

%

T T T
o o

&.E

315 2fnas e ]h

B3-168 —/4-bit “Ht I Nk Bl BAISSMBHEG (MA3-15HR), KPBitL
IS B LA R S+ 1 2B IR L
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8y 8
E3-16 4-bitfmik BRI

3.3.4 WREIZBEES

RAVRAE3-1SHREERITHETEE, B—DTLASKIUE (T 48 & B0 " M B
(building block) , X F Al AT 45 4 7T 4R35 48R4 51 (Programmable Logic Array, PLA),
EAE—450 (RFEAANDEF]) LR —HRIT (RFHAORKEF]), K, SIIH% AR
HROGBADEGRE, MBEBHAKNMARE R, WPLAFELAND], EH3-17HEET2
AMBAROREI], TSI B URGR TREEOHUEE . XRBRRHHES THERHS
R MARGE, HEXABHREAR, EAEET, RHFERHER GIE—RT) 51
I IRIIBEEAT (AT~ MRARE), FifX S A A% A 5T MR %)
WA, KRR CATRET. BOER, it CRR” 2451 (FRMRALE) 53481
(FRIMH) ZRIRESERR, FTLAKBUEM R ZREEREY (RDAE).

RATTLAKE3-1SEMABRLZHE—A “WE™ KB, EENEI TR ZAFELE,
IR KB T FASMMA R (sumfllcarry), E3-17F0RR— A 3GAMRHPLA, BmiER, AL 4
EMELRR (ESITRMRTZE), RATTLIRRN KIUTEANTE &

4

e

EHEBRR
kRS

PE3-17 WT4REEIE RFE 5]
335 ERE&EY
BE, RAHEHEZRGR B — P BRERE—ZM/T & (Logical Completeness), &
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334/WF RGN, B PLARLASKEE A RYEH, [APLAHIAGHEOR, ANDHINOTIX =F
B, BmIER, AEAZBIAND, ORFINOT], RAIBRALAKBIEMEMES. FHit, &
f1#R{AND, OR, NOT}Z#1HRAR “THIE&", XBRE, THEEMEMICGITRH, Bt
AEKRAAND, OR, NOT, RRAILAKBUEMEIME, et “HB™ EHEXR, HERMT
RATKBRY, XRARFTIER AN,

3.4 fFfEETT

33N ARG, BRABSAFAYL: —RRTUFEKEEL, B—RFRFHEEL.
RIS M =A0F (208, SRAXRRLME), HSRTFAEFHEB0EZSRGY, TEHET
BEA T BA RN FTR,

3.4.1 R-SHifFsk

BB ATRER-SYFH® (RS latch), BREBHFRH—/F
TLRER. KHR-SYHFRMT A SF, BITRAITIH Y % mE3I-18
Fim. EMPANANDTEERR, i~/ NAND TR %—
AN .

R-SHITF B M TENLBIR : —FFEAR-SYTE B T8 & (quiescent),
UARTISERH 1. RAMBILE—FMRMR a1, MERERAADL
1, BURRARGGL (), MifiHNAND TH-HER M, Hitibh
0, HMMABARHO, FEMHah]. BwiFi, RBERBRHARMSF
Bh1, MEZMERORERTEBE. ROFR-SYUFRXMEBRIREFTHEES. AF
“IEAL RIS, AFIRR-SREFOHEBEN] (BitafvE),

MR, WRBHaK0, WEMAALKH0, BHbLH1, BTMABRLL, LABASHIERS (B
&), Bafmtab R0, FH, RERARMSEHHIFAE, WEERERTLKE, RITHRLM
R-SHi#F B RIFMIEHO0,

ERFHRAITEOERT, — BHSHOMABEHRO, MWHHFBRETRRES], R, R
HRAIMWRT, —BRBANL, WBFRHHH0, ERIED, RIEHHK LR TRA0
N1 ARIEN B (se), m “EO", “B1", Kb, “H0” BIEXAHM “HBR" (clear),

RIS, WaBA1, HTAK]. TLMRIGRKL, MbBRH0, MiFiSHBHLHKO, Hifi
FHaLRAL. WREMRXBEE N, BAIRBEHAR LS EE, EHBRIIAR0 (T
NAND['], RERMAZ—X0NBHBRHL). LA, BRINEIESKE AN, HESHRE 2
H” RIAHEL.

[FIFE, BAHLATLGE S BA ERAOK AR S, A BS54 H 40,

EAERAE, HRIER-SHFREY TE, FERMIZERMSHO0, FHY, MBESFHREN %
0, Mlafnblfi i hAFFB H1. 2, YHFSRELAFEN, BLAHREHTLMRTMOSE
B UHETI AR B RBIET . EFMOSEMR S RUMEERERE, TREBHAZE,
TRRATEAXN R TRBH ¥ E,

m3-18 R-SHIFSH

© [EX “R-S Lawch” WEiEh ‘R-SBFH" (FFEMEE). FEL, YIS (lach), MES (rigger),
B (register) HHREME LR, ENZEARAFRES. MEOEHET, lachBMWRENT
TEfE, riggerBRIBMYR TARRLE (MR RAFMRS), firegisterlll R EEHMHLE R+ EM
(Bin-bitlifr BEOGLE ), FTLL, BOEFK, BAVELBIEED ROBFR", —ibHE
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3.4.2 [EDYFHR

WAV BB YA 2 0 B 1 N0 IR — P I I .

E3-19REDYFRGTEE, CHR-SHUFSE (WE3-1857) fishldais 411HE)
FEB Y LR, Rl AR YECYWER M (WE = 1), AERYUESME (WH) ¥
FDRIMAE. WER#E “T5” (Write Enable), ZEWEERR (WE =0), SHREIBHEH1. &
3AUNTRIERBRIME: MRRMSEA1, WR-SYEBEMMERETE. T4 WERF R
(HIWE = 1) Bf, ANDITHIHSFIRZ A BRXA K0, LR, M mRD=1, WSHO,
D=0, WZT MAINANDIRHRA0, ZAIRITELR, RSHOMR-SYIFHEH1, MRRAOMR-S
BB A0, BILL, BeRtD% 1 OH 5 HIFBR-SYIF BRI HIH 1RO, T4 WEHK S HORt, Sk
RIDIEA AR 7 REZER-SYIFF 88 o .

D—y s

WE

R

BE3-19 4% (gated) DHi7F 2%

343 HEH

ERBEPROVER, VBN BEEAL BB biForm. i, HESSHMNRH
LC-3UHHH, TERSMHR T EMEMI6-biokFTEIE. FHit, B4 EMHXEbithEs A% Mo
BT, HEH (register) BMEXH—FEH, ML bIALR— MBI, FFRMbIHE
TR/, KEFENERY, HMBRH14 b, B, ELC3HREHF, mE3-3355R, PC,
IRFIMARS % 77 SRR AD R 16-bit, TN, ZHIPFER1-bit K ERIFTFS .,

FE3-2000R R — A R4 T HEDYIFE BALRM4-bitH 77 88 . BA M ILFIF BIFRERI4/ bits) BldR
BAHO. 0o, Qi Qoo HWEHHR, MIAD;. D,. D\, DMWHEAFHFH.

2% 0 Qo Qi Q¥ XBAFIRAQ3 : 0], BIGEAbibRiA—/M 8T, BADMbILE
bit[0], fRXMARZEH, MBBIAAbI, WHZHBMADitn-1], LLTFE16-bitk i

0011101100011110

bit[1S120, bit[141£0, bit[I31&1, bit[12)21, %%,

AEBRMNTAQUNFR—AbiT B, MUKleft, rfkright, BITFRIXFMbITERS “FR7
(field),

Hilfn, A[15:01% LHER16-bitkk, 0]

A[15 : 12 = 0011
A[13:7]=1110110
A[2:0]=110

All:1)=1
BEBHOR, NEELMGIEESHFELEMEN., RIOZLTUNERLERE, 1kbit[0]
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RFERED—(, FEL, REAMRILMI. BFLL, HEHRE NEHE" TR “NEBE"
FARE, BEORGI -8, W—HB#E, S56% 8, FHEEOR WAL BTR.

D, D, D, D,
| | | |
WE [ | [ B
| | | I
0 [2A [} [2)
E3-20 4-bitHEH

3.5 AEMRE

TEBIHABETFRFHRNFREENEN L ——A 4. BIRIHE, BENFEHEE
MILASEAE. MG, ERRPAMBNFE-NEEULTIER SR TELS, HFELH,
RGHEXNFERESTEL S (computing) SR HHIEEME,

WHFRM—EHE GEFIERA) 09 “(R” ARM, HhE, MR FUBBRIAZINF
SRR, EF, ROVRIBRBIEA wi”, XHRFERELTIERAbIEESD “F
3L A" (addressability) ,

B, —APCHLEY EBALLXAB: “iXAMPCHAI6MB (JEF4, MegaBytes) MINFE",
EEEHEBR (REKEARE), ZUHANAGEFAHI6M (million) NMHFME, S MIER
BRINFHER.

3.5.1 Ju%E

AN TR R BHOANAE “F2EE” (address space), Hilsn, 16MBATHF
HOR, EAFEAEL 60054 T IRBINAFEIE,

HFXE, 16007 (16M) AZ—MELUE. XE5RMABNNFLEOH AR, HEHFPH
HIRERRMO, UFFIRFER, WTFBITRIAT % E AT B, FoRbatrybickmRn,
WIFATATLARB2 A PRI B . 10-bitdy sk FTLABRIA1024 L B, BNZ% T 1000, 7fi 40 A20-bit
Hospht, MA2ANFEREELR, X/AMERLRZL 000 000, FF2., 16MA/IHIZS IR FEE24-bit L EEHIHE
ik BR, BB, 2abEarsk ERE16 777 2164 BT A& 16 000 0004 E, {ENiE
k. (16067 BERAEHIELE,

3.5.2 SiuREN

FHREHRIFEI AR P AEMbIEE, fim, —/16MBA/IMINTE, BE16 777 216
AWFFLE, B REMHISFY (EI8-bit) FB. KERANFHRFHIAM (byte-
addressable) , X5 A, SRR RSO BRI A HOM B, HRHHH
BAK8-bItIASCIIRG (BHH2H), MBNFRFHIAER, 2 ASCIRDRIL & H—A7F
{8, G ESA /N Horiba RN, BN E T ik SREsRiE.
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¥ %% A TRE R AR BHLRA64-bitFak, X REHEFETRS, HIRAHRECL-
bIE AR (REE2), EREDFZIARBOA-bMRIMATHR, RAR, KEHRHHA
RGBT T 64-bit FHERLHEAT .

353 HIF: 2°x3R%F

FE3-21 5 — 422 x 3K/MIRAE . e, DPREMFIIEERK DAL, IREIALRESD
Sh3-bitBL . BN FFRIMAL ST A H 4RI F A, K NA R AAE b B2 bick#E R, FHLRE
HH3, ERBEA AR AEAMHI-bIE B, WG EM LT IEN, AEDERERA
A[L:OTFF 4 Hi ek, EI4M “F &7 (word line), MEA3-21FUR, WHEFENFR L&
bit (AIIA%F), Bt “F4&° HOPMbR, ERATFM, ARRRHRILEAL], WX FHFLE
kit WA EA bR SR FLME (AND), S5HfhFe ERMMFEDbIGEK (OR),
FAE—M 2 LOUE— /A F R, FLUX KRR ERtR — bk M BRI X, 3 XHERbIR
ZHIFFIGEE R, MR—ADFEIFRE, WK1 F,

A[1:0] DJ2) D1 Dj0]

WE

‘
DI2] D[] DI0]
FE3-21 27 x 3-bitph 7| TR

PE3-227 7 R M A SRR IR R R A . BABRIRSF R 11, FILIALLO] = 11AYiRRgEE e ,
BT ERFEMIES (e £ ). %5 E3AbIINA. (1017, BILAX3Abit 5L
#5 (AND) ZJg, #thh 1017, #—HXMARORI], MTHMEINFLESHAHO, FLlsy
HI5% AND[J#24i, ORI I3 MMALRA0, SRRBIRAD(2:0] = 101, kR, ORI TH
AR BN . AN SRIEERSHELL, BARAILOMAEL S FNE2E, &h
XM FL, WEEWERSHITEHIT, #D[2:0] LR BOMIES A TRE M TSRS,
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Aol D2 o[ Do}
1
L:D"
WE 1 T T
DY
ﬁ ﬂ ol
0
:2&0,, I
ol ol
1
A=11
WE=0 1 0 1
D[2) 0] D[0]
B3-22 2% x 3-bit N AE R AL 3 iR B IR
3.6 BIFHE®

334, RN T R2HHFX. FOERLSMBS/AZHAR, JETHABE
FIRHE S, REBBMAHT SRR TRBYINBARGS, RONFIRBMEBAHATEHEE
# (Combinational Logic Circuit), HABMMBIAERALE: EXXORBLBRIRE, Wbk Y57
SRR TR LATRA . BRRS, ETRFMOBY “HE” HR., HE34503.51
SRR, MIRESHEMER, W3 AWML ST X 3-bitk/MINTE, (BRX

LM BT AR &R ERES
FATRATH AT B BEREAL B 248 X RE 77 B

HIEMERGBET, KBRS H
BSH A RERANE, REENE, BX
52 WA ERR, RATHE b
“Bf FriB4RHLE” (Sequential Logic Circuit),
REE AR R A BB R 2 A0« -

B2 R AT RIT, TLARE R
BRUARTHORA . E3-23RM B IRAMBAILE

i

WIEE, EAEENE, MFZEABROS
R e L B M RTAR A SR R LTI Bt

3-23 BB RBRAISHER
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RIBRERT, TR EITTH RSB RBR T BB Z AT RE
HAEEaBEEATRAARREN. ARREIE AT EFMIRGUR, b EH.
PURAL. ME%, Flm, BHL. K. SSHBEHKETRHSRE - MREOHAT, ER
BURHE (FEEL) REEZRAEE, REXBIHT-AHERE. ZAEBRLIE
SR LSRR B B Sl R A
FEFARHRIGEHNR, €15  BFEBERLGHD, ARREEHBREFEHEN TR
REMTIEREN, SRR,

3.6.1 AAEHHEY

it — AT, BAIHFEBE R RO ST AR ZAGTE, BEEARDH
BRI, EHSUREEE S AR, I4, TLAER “AA DY (Combination Lock)
R, A TENS, RABECEIFBN “G4E" (combination) BIF, M3-24FRER

Fa ok 21
) (g

20 10,
a) b)
B3-24 FEHIBEIH T

E3-24afRIOBEBYA M RS &, ABLA0~-305%F. BTN, LAMEEDL
&, BEHHAARRIZ-L2-RY, WEHEFHYHE. AHFKECHMSE, HARHERI3
(BIR13) ; MIGLH—HBIFLEE, HRRERM22 (IL22) , FAK KB S, AR
|3 (BIR3), FR, BHTHT. HhmX@ekstn ua”, mRAHEBEE2, RERE
H—WEE22, REAK—BEN3. BRABESENEFOES, EXHHRITAIFN. Hit
47 BAHEBYE T ZEF, HFHAAIRANL R3) 5HLRELS, REARERT
FHHTHF . XAGIFRB AR “HFLEH.

FEI3-24b0 55— R HT0H. ZABYUEINRT, ST LOBFR-9. HIHHGHBERT,
IFANRT LR FHIIMREEDYE, WBHHITF., ZHUANESR. ERTHITHARS
NRTHARREME, TiSRTEREEREX. SNMATURT “Aasi,

RAREOR, ARMNGEHEES, FFXXWAY, HREMNY “HEWLY . £
B, BIERIEWHRA B AFEY (Sequential Lock), FHARKEMN “HaHEBY"

(Combination Lock) .

© Bl “HA%BE. RATXEHRY HNN, WER EHET TRELR, BRE, BREHH
HEABES “AAEDY f1 MAFEDBS" (sequence lock), FLAERANMIED “GAHTY".
—HIE

© XA “turning the dial two complete turns to the right”, FiiZEBRE% “ARFIME". WEE Lk, 18
RE2WHAEE, A EXE, EMGLROFE (HARY) H28 (FALIM), TLUES “Mer"
W, RIFRRmL, RHRe%, —FHE
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3.6.2 REMES

FE3-24afi7R, 7ERFERBO TENHF, LR FRELORTRANF, FxE,
“R13-L22-R3” Rt —FTLAFF BIHO/F 5. fin, FFFIR13-L29-R3, RI10-L22-R3EARESF . (1
R, EfEFIR G, EHEMALNE—RA,

TR E3-24af R BB Yt B2 B EEREN B

A, HHRE, BESMEREIE,

B. HRE, RISRRIIHE,

C. MHIRA, ERMRII-L22BIERTI.

D. FHREATIF.

MRA. B, C. DREKFMENME, MHENHEBHORE.

EHENLRS, REZ—-MEFREOMRS, SELATREATHENTE. AEMHE
ARE, LA A R A GETERG I SRR E S F TROBR M (snapshot),

BOER: ARGREZRRTHAAARELBEHR—A BB,

B3-24a ORI BIA I RE : FFU (RED), B EIRIE (REA) . HBHEER
E—ANERFFIG CREB). MAMMECHEZRNERFIG (REC), KR TEFENFAR
o R REMUG? BEFEESHTRORE?

FILGE R ER A REOBFRE. B, BB TURRERLEORS. E3-25%8
2oy WAL B 45 . TEXASBAFIOKLAHOMABA % fikb sy & “73:68", TF2bt, thgeRfnt
TR “7538%)7, BUWERTRIARII4E, TEXASPAHATIER, MBAsY BIICHIAK, X phAR BERELFER
—ARE, BEHRGR T ISR, BRI 12BETEXASI My, MiCoMES., €55,
2o BAEER: TEXASHIOKLAHOMARALLSy 2 “75:687, M FE “752680", HuEht
FRE i %25%)©, OKLAHOMAPASER,

nE: 4 oHL: 4
14 .. BH
¥t O @

1 1:4H
I

BEE

H3-25 —AERIEH MREMBIT

R = FER (tictac-toe) WATLUERARERTH K, BE-THAMH (44, HT
DRARIRHLAE) X B, RERKOL, SBRHBIEHRAET—SROML, BHRrRE,
WA AR —A3 %35, AMTRALREIEHE EZH, » 38K X" (A)

©  NBABRMERUERY “HERBERT (shotclock) @248, BI24BNLAURE, BWHG, —BHiE
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F1O7 (HEHL) 5 AkiEs BFRBEHZIXROHR —FAZY, XREXTURKTM,
EHMRAL.

MR EME3-26afR, FiAHKADE. B x xlolx
3-26bRiFRESTH I~ RE, REBWRIA
(X) EBEZBHT . RERVIG/MITE — P ZIEH

M7 EAMETX, Wil RIS — SR O R
HTO, mE3-26cHRRERY, AEE ST
TH EAEX, it BN E ERAT SO, B3-26 = TERMZRE

3.6.3 HERHHN

EMBAFTR, RERRZEEMXMEERFEH LN —TREB, TRAGHZ, RELETAR
kA&, BRLL, BHRNER “H MRS (Finite State Machine, FSM) itk RGRITH .

AR YL LRI

(1) %k AFR%E).

(2) ShHEBA (HRREH).

(3) st (HREE).

(4) ERREATH (BRED).

(5) *SMRIRE (i),

REERERTRETRETOHARE, REIBETN - REHRI S - RENEE
[ick-2 P30 N

L&&R

HRREHHHAREHRRERER (state
diagram), E3-27R—MREBMWGIT, — MRS
B dRAS AR AR RAR. Kb, &
AREVARKREH—MRE, ELEMFTFLR
x-MREF D - REGESR, RIS, &N
FXRE—MN “SARAT B F—RA" K
#. B3-27FRMREE S L EIREMEAR
B, BB, AREVFIREXTIEERB R,

B, YAREMHEBEEL ERE (T
RE). BEMEBRETINEMA, Fitn, £E3-27H, NRESATREBAXEABAR0, WTF—R
BAY, MBLHREAXEMANL, MWT—REHZ, 82, FTRERRTREHLIREF
AT

AT, FYERHBET LA 2 AR A —hE, WAL SRR EM Y ATRA SRR E, R
MHBELRFAGIT A, AR N D LSAPRERICED . ME3-2757R, YRGREF AN,
RYCAH101, HRRENYH, REHH110, HRGEREXHZBE, HiHo01,

B3-28 R R ERB AL (LE3-242) Fixt M REE. BHZMYUHDR “RI3-L22-R3
FRSHA. B, C, DIMAMRERET “BI04RTRE (FRM)™ UR “FA b L ERBRENKE"
FEE, REMARTRHEDRMDIRNE, REHUL FH" RE 8. BR, Z%EH
SHEMREWREEMK, MRELTA, B, CiF, REMUH "« LTFREDH, BHA “F".
EEREMFARBRUNE TELRMRETOPA TREE @A), B, 4RELTFREB
Bf, B4 ATRERTAABRIEFTLAR N “Z#F22 (L22)” % “BRL22ZSMOMEMERIE", Hik, 34

327 —AREEEHIT
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RLXFFATRE, WREBHENHEBEAFE.

BRL22:2 Shey b0

FE3-28 % E3- 240 B YR B E

[, BATBATLAE HEREPAH PREE, HPEIREARRITHMAE. SIRRE
HBORRELAE . KA GERSICH), REXHARBRE. flin, TEXASHEH2s
JEEARH, REBHHEE. B, RRRNBER, HEERLEFEREKEREX, iR
BLAMEBAER Y. REMRARA LREBUK, KRS ETRHAMEMESD, 0
TEXASBA{%H 4y . OKLAHOMABA# =4y, TEXASPA#IR. OKLAHOMARAIS I iS5 %,
MR BFOILL LR, A=FTAE: LLREMMEFTH . TEXASPAZKM:ROKLAHOMABA $kM: .

iR, YREEZETEXAS : OKLAHOMALLA T “30:28" F1 “30:30” SHAREZA, EH
EAZ AR REHBIELG? TH%55E3.38,

T, WA TR S ATRE? WARED BIZ . TEXASPASIS30:28FAA AR F30:30,
ERMREZAHATEERBLE (REBXFR) 2 TEEIE3.39,

2. 64

TEABHRHRRENNS - EEHE—REXBOMEIH, FH MK, B
FHi, A—RBeER. T-MEHRRSHEZE, REENHBMEE, MAEKRLIES,
POV BERXHWIRS, RREEBOME K,

BE, RESBRBLHAEBRMEN, FEHS, BER—MES, KET (B4H0) f
BET (GEi1) RETH. BARFEROREEL, AR RBTHROES. E3- 29K
FE SRR Z AR B R, WA BMM (clock cycle) R+t oS 5750725 Buity il BRI .

3 ey I s S

— B - — B
k] ' Ax

(DR
i g

H3-29 —/AEHHMESHBIT
ERBEAT, ARREGIRERS K EESA M B AR B,
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3.6.4 HERKBNMIHR

RIURBEEMIELGIF, FETAHRR
APAREIR I RKEL, B2E % G B B
Wit. mPE3-305TR, REMIREBRE. &R,
A, DRSMETAT (ARFI-5%T). 0] ®

BHENERREHARENTA, XhRMAFE @ ®
BMHEENAZ -, EFHF, RE REREE ®
G L& MMETRAT, I BRI L RAT I BRI faRe
AR 14 BMA, XHARARLT, #TROE
W, TFFERATIN, BZEMAME, 171, 2, %

34, B, STBAHRNT. BUR, BELL LR
B ATR, 1F2, 1, 2, 34, A%, MERE, K
A SRR (10,55,

H3-3 BRI B MR AR, Kop,
RIS RA S HIH BARARIRDL. H B AR B3-30 iR Ehe
BT &M, MBI (switch) Bl (input = 1), MFHAITRIL EMAFRERR, MRTF%
(switch) WiFF, MRELHL MBS (FHITHR).

B3-31 ZH RSB REE

E3-32F R R AMREN (WLE3-31) MMFEMa. E3-32:R80IER. EE, LA%
A —ASBRA, BHSHIRRENIFE (switch) , EMREH, —REHIFESTHARE, =
RASHII, 4BATHIRRE, ZREFSSLT. RENBTLEFNFHET (clement), ATIEFIE
FROLIRE, ENOERRTREZMORE, 55, EERENTLE T/ iHahaik,
%I BRELO. Ss R R S 3 R R RS RS -

GREMETH, BELFMBEMEE (BRE—HXN) & “ZARE", MEXZHRAT
—AREHBIT RN, ATFERERFCRE, HR2IGUBRBLURTE, 2RLE31HMRE
#2-bithRiR,

1. 4844

E3-32050RRASHIS A 4TS, AABBEBNRNERL: —RXBREMER
ATRIEEHIES OMPRY), “RBHAWRMFRETOREEE (RERH).

W, RECATHRSIEE. ROZARD, HRITEHABE= MM, Kb, S84
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ZFFARBAXHIANDI 1, 45 S AT IR — 5 SR TEswitch=1 B MR REH 11 2R, 3,
ASATRIETARIAAYRIOR i, BB AMATERMFRE P2 (BIRZ&10R111) 4 1, 2
SATRIBTARAZAIORT ], At 27 BOHFXAEEIEHBZEEHIR, S0 IM3.42,

RIE, REGFHETHABEH, MRREOT-RER 117 K “107, WAEMKETIH
WIREHL. FAZBIEAREERGLERES 107 R ‘017 ZFHHRLT, FLAFHATI
ZEETARIRAWRIOR! Wit BRI, bt 2 577 B T2R 5 FARIRHUMORIT? £ 1518342,

2. ¥R

BRREGSES (LE3-32a) FEfERITHR . HATRER “hit 2RNFEEER3 Y
B RHIDGIAE 88 R R D FE R TTR? " R R4 ATR ShAMIA, fER R TTAM HRA AT
SRR, TR AZ 5 A A LR AR TRMIA . A R % SR T
ABHEI A RS AYEREHTT, MRGEADYITEE, W 4ATFMIF AW AR, SRR Te
WE (ARG T— ).

. FE — N e
wearEm_ 111 :Du
BTl
f———r5
serviest—| 11 :D_ﬂlmﬁ'
w2
" gy U )i
It
o Hieh b AT
| seams
s iy
FT
147 B HifFA
B

o) fEfEBEITT (EMBITFE)
F3-32 RN B AR R KB B S e

AT REFBEIRE, BARH—FERA A8 A S (master-slave flip-flop) HIEEH
BREBGHBEIT, WE3-32cHR, TR MITRDUF RMR. EHBAE AR, 817
RANEAXBCE , U SARNERLRL YiTF 8B H EA 4B AR, ENBEGELRY, 8
FRIMAETRNE, DRHEASBRONFRIETE (HHIARATERNIIARE), Rifi,
ERERAMA, BESAOAETREARL. SRELAFSE, CEALIRE (ZLAZ)
FERAH BN RIETZE, TAABRERMIFREE, HEEANSARESRA, FM, X
AFNB ST — BRI (SR AU 88, BAMATL A THAK,
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3.7 LC-3it LAY MRE S

PSS, BTN B—MEHRALC3MIHEN, fAFREALAEE ERREMETACH
B, E3-33PURELC-3ME M (A1 &48:E% (data path)), CARFEHILC-3MAMRREN,

FBROS TEUENAE (core) HBTH SLBIZBMAANBREN.

PCARHII]

MARMUX#glHif) 20 oy # (GatePC)

(GATEMARMUX)

MARMUX

FAER X
(REGFILE)

SR1

ALUSRHT

i
V- (GATEALU)

(MEMORY)

MEMEN, RW

FI3-33 LC-3i+ MM SRR B

EEEER, EI-BFLEERTR. AERFLELERE,

WA Wi
(INPUT) (OUTPUT)

XM MIREBT R B,
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RITHEBSENBURMARK TIERE, HR, NXKES, RECTUERIZR - HEHL
FIBREMESLY, RONMOBRBEEEFLN, RMETRENRERETRBIIN. m¥
#BEMHAPC, IR, MARFIMDRY, #ME KA H16-bIRIFFR, AFMRFRIAMEL (bus) Rix
NEBRFORREATEORF, MORRIGRE, SRABLE I bR, TN, ZHPE
RI-bitHFH, XERFRIOL “ENUFR" 41, BHTHASNSRIFX, EIIRPCHERM
HIAEHE, MARFHBMAGE. HAZBETT (ALU) BRABALE, LARNZ%SHPHEA
WAERR, MERSE, ROBEBEZMEER: At LUREES RIS EF LN EEE—
R, DEALC3RMTRF? AR, hRMRR “RE" — FixeferRBMOARBE, &
FARABSE, R ZELHETHE SR, REHENLE, BR—&HETETOH
bl

38 &

31 RABERRHRT, HHAMOSERE, BWRE.,
n% PR

Gate=1
Gate =0

32 RERVZRIBTEL “HER TR WHER, RERBRAINGTES® 1" i, &
HHOUT%iZ 48 “07,

:

P AAND[ THIFHI AOR[ THR “BAZHR" WOIT, RITEHFES DRTRN “FRA
R (R F2MMARIMRHRR R, WA RIE, MHFIAE, RmiFR,
PR ATRERAAERE) ?

REEFZHROMTE F FEL TR WHER, UESRHCHER “17, BANG
HCHZH “0” WL T, MAARBIIAS.

3.

w

b
kS
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3.5 SRR E3-34P R RIRIE R,

3-34 I3 SHIZHIHER
3.6 BB FE3-3SHRRBMEEE, HEHZUA, BAHERIZHREIR,

f Aﬂ@

P3-35 13 6L HIHE Bl
3.7 REHTEFO-FEER (BT LRAFRBATRENEEH).

A b2

A 3
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£I¥

38

3.9

3.13
3.14
3.15

TFHEEER N TR %ERY = NOT(A AND (B OR O)MIKHL, #hHB AR RAIRA

WS,
¥=4 AND (B OR C)

—
—

p—
__!
— —

B3R T B4R %A ANOT(NOT(A) OR NOT(B)RIKIER, X FRH 2B 417
NOT(NOT(A)OR NOT(B))

A B NOT(NOTAORNOT®) | 4 8

0
1

0
0

HSHRAETMRIAR.
B

0
1

B ANORB

0
1

A ANORB A

1
1

0
0

0
1

a EH3A SIIHRITWMOS RS RRME, 7, 2%HM3-6aMm3-Ta, MICHH
R,

b. FEFaR B E L, ME TRIKM, fRERBEBMOSENSE (B8) RNF (£
ER),

(1) A=1,8=0,C=0

(2) A=0,B=0,C=0

(3) A=1,B=1,C=1

£XIEI.11a, BHIMAFTBAOMOSEAME, HEEDBIMNE— R, 5HIHN
HIRALLE /
RITISHA D A 2 DR R

I 68A BB XFLLH B ORI Fi%A £ OHERRY
IRATIBRA-bIEFFSHMO1IIFII011, BB 1SF M2 M A SBZ RIS, IS
Tidh . WRATENMARIFARB LR, RESSWMA? Hitar
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o

avow s
°

3.06 AR THEAAR, WEHMEZRAE R 25334M0XARE).

A B c z
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 i
1 1 0 1
1 1 1 0

317 a BEAMRAA, B, C. D, IMGHZ, Rit— AR, BEXRAHELHTHBALLGH
BN (5. ZRERKAHE L7 ).
b. EHEL ER{ERA PR B . $%334H%A.

3.8 EF5I. RITAEETT, KBUAT &K, Kb, ATBAMA, Fhid.,
a FHhl, YHY44=0 B=1,

b Fhl, HAL¥A=1, B=0,
c. #FafbMER, KB4 1-bithik . Z1-bichk BOHIERNTHR:
A B Sum

0
0
1
1

—o -0
o= -0

d. R, REEANTLMER-biNER (Mchimk®) KA—4-bitmik®? %
HATTLA? Gt LER? 7 HAMBEA LI, FH0, Kb AKBWERT?

319 E3-36FURANEMEE (—) A3MMAA, B, C, EI3THEMAK (Z) ARMRAA,
B, B BAVERHERD, BFREZAFEFROE IR 27 7. SWAANEBIROE
gk, BB ARR?

4 B

B3-36 ZIRE3. 19 B (—) H3-37 I3 19 BIRZ MR ()
3.20 @i T EARA R TR ARRE, DR A& ETRERE, i RAERRIEREE
R ERETER.



ing iny / (ing, in)
o 0 1

0 1

1 0 1

1 1

1

321 BATEWFRS-bIHINFH (byte), 4-bith—A+ %% (nibble), R —/ byteFHLHINFE
HysaL Fon R 14-bit, RIAILM TR & £ 0> nibble?

322 RETF “2E17 SHIFRKA A 4D SRIFL. HE, “GE17 SHRFXRLSINRA.
&R, MR, SHIZRBEMEMHAER.

3.23 BHE3-38F R RE, HERERTZOE,

A B c z
0 0 0
0 0 1
J 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
A
B z
c

B3-38  ZJR3.23 BRI HIHE R

324 a E339FURRAEKRSHLBEFHAAGTHRAY, KhGEIHEL - 2B, R,
ESXMIERRI 42 KEB, X=0MX =1, GBHHATLTR?

A3 B3 C3 A2 B2 2 Al Bl C1 A0 BO CO

O T T MY Y M

+ +
HATBA ’ HAMA HATMA HEEMA

52 s 50
F3-39 AR
boRBH — AR . RBERERIEX, BERNITA + BREA-B, #7. BHE3-39,
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3.2¢

HEKERM LK.

3.25 @, BREHMNTEERETRAMEHEZEG 7" %8, RIZAND, ORFINOT
TR HER IR —A “TTER"™ BERA, Fan, FAEE3-1157R %% A0 AR H
ZEBERM AR (B FAEET). KA.

a E3-12, WA SEBIFXMEREER S L7

b. ZnE3-15, 1-bitAneRHIfEiRpER £ 7

c. tE3-16, 4-bitinRAIEREHER £

d. [RikH4-bit R Y RBI320L, HREIEXR LY

ZEIMERE, DNk R B A ML Bbithnk ¥ A (slice) HRM. B R THATIBH
AbivkEpn, HARHARL (carryin bit) FEMFME (sum bit), WAFRZA “LMB” (full
adder), fRIZRAIA143-8iFWBF26HMAOR] (MTEFIR). KA, EEEFXIN
BHMBTARY 2 MB? MRATLL, WKH (RF: ROR[ME—RAZER, "L
HEHMAO, LikrERIERM).

S

327 BEEE:

s

a LS = Obt, MBMHERSD? REB, FRNEAAXFIRHZE S D7
b. RHERLSMOT A1, MiHAHL%NL?
c. BB — R TG?
328 RREA HESIMESE, MBEEIRI—D2-bitRLR, RiEBEASHRAL:0]FB[1:0],
HHRY (A[1:0JMBILOMARMEER), ®FH:
Y = A[1:0] x B[1:0]
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62
a. A[LOJFFRER R R AR £ 07
b. B[1:0] FiRERTHBAER £ DY
o YRAMFTREAR 507
A RARYELBES Db E?
e BHRELZHMAER IMBA: A1), A0, B[1], B[0),
£ AR, SHBHYRIEHER (RAKERS. RAdE).
329 BE—16-bitHFBFUERE T —ME. MBEFAILFFESARETSA2, RATESEK
B HRARFIFRNED?
3.30 E3-40F1E3-4157R, LL#i# (comparator) HFA1-bithIAAFIB, 3/ 1-bitkHG (K
F). E (FF). L UhF). mRA>B, WG=1, mfA=B, WE=1, mPA<B, WL=1,
ABl G
E
B13] L
AR G
E
BL2) L
EQUAL
Al G
E
Bl1) L
A g A[0) G
E E
B . B0l L
3-40 1330094 HtE R E3-41 SE330MLIER
a. B % 1-bittk 4 8% xR IR &
A B G E L
0 o
0 1
1 0
1 1
b kG, ERILAZMKE (EM5, RAdE D).
c. BFI-bittbBdk, W@ 4-bittthed (RHMRENE), BIMRA3:01=B(3:0], 0
EQUAL#gHi1,
331 mRHENOTAREARSFY, HABEIbiFANFER, REZRALNIERADE
£ (LAFThgs) 2
332 RAREEATEHAE (memory address) FIAH FHLAES (addressability) ZiERIE B,
3.33 FE3-21RH92° x 3-bitFFL4#, BE TFI 8

a AFRIEBUEAN WA R (location), MIA[1:01FIWERIE LY BIR %07
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b. mEHNFERETT (entry) FEMANFREIC0D, HEABFELPRIIL? FRZAE,
WAEFAERE N R E K AETL?
. ERAFH B ERCPUR —MEKI L AN HE, TR AT BENRET/NT
FHE604 WL RFTH B S . R, ERHMBFTEEREHHRLT, AFE
Ry AZ O IE?
3.34 RiE, E3-428TRHNTE:
a it AR £ k7
b. FhLREHRE L7
. ek 2 BT R A 42
All]

T : i
I D Dol ool
T
TDJ

Dif3]

TD—‘

Dif0]

TD@— P2

_TD@_ bl

Blis

Do)

F3-42 JE3.34HNTREARIE R

335 (RIBAFFR22-bitFat, HFHERESH3-bit, REIZAFHIEbIER?

336 BR—AFEALLEE, EEMIOTAMA, B MANESSIRZ0L, 10, 11, 01,

10, 11, 01, 10, 11, O1, Ta4aTEMH, HMBAREAI0, HEZATI0 ARIRMA R

X 24 it R A A R

1E3.6.25 7, E3-24afiRMERBAIMRE: A, B, C. D, B “FFH (D))", “HBAE

A (A4)", “AYREMAINERKF (B)". “AYHEMANERETF (C)7, XER

FRYTREAGFERE, K. BEFEERSHRE?

338 7E3.62ViMEAS . REFEAERS “TEXAS:OKLAHOMA = 30:28” FIRE “HesrlRE” &
RAEKE? WRELE, RAHPHHRENIZTAE (2%E325),

3.3

3
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339

3.40
3.41

3.4

S

343

3.44

362V R IR L. R, BIREFEEMNRE, TEXASHE “30:28” FER
“30:30", WiEZERETRHREESBXR? MEFEIHAR, REHI2N M TFUMRE,
FHARI L 0 FIA R RS LOIEREAT R, BTEREMTOAZRRE . MROTHIRT DIABRRE,
REH3.6. 21 RN “ = FERMR" WARRAEL.

FEIEEE (RERTAMATFIRITYES) HakA, —MEOKIEISES, HHEBE, L%
T EEBIEHL. BRI — R, B R SRR IMETRA : 5%
10£5F2SEWT . HRAPEHA—BEET, RE—FHE (FRERA). MRHA
BHOEESNANT35%s, W EHE IR LR, WE XS s
WERRKEN, KhE— T RELTERAFERGSM 7 HTHRE), — BRI
ABETHBBATFISEY, AHBEIREBIABGRE, 0 “RHUAIERE (7,
ASHXHMRERE)., MRCLTRERS, MERTHEHITE,

BHE3-320, WREE, it A1 SH2BTREEFARIANZAIORT? HH LB AT
T —REZRFHRIAHUOR ]2

ME-435TT, HRREHABARX, WilihZ,

3-43 % 213430 @

WEFE3-43, EECLTEE:
a METEMREHEBR, Hb. 50, SIRELARE, DI, DORFET—RE.

st S0 X D1 DO z

—o~omo=-o

~ e m~oo0o0c
“ - co~-oo

b. i SREH R BAREHEE.
WIEHIZ4RI INANDH T 1 5 RBME AN ($%3.3.5%), RTiFR, XEMANANDE
$#RLAILAKBLAND, NOTHIOR%Z4ThE.
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TEHEA-ANEGMRER, % TFHEIMOEMIEATAFEMERT, RITTLARH—
AFRAHYLBAY, BIZ98 - D - %P ® (John von Neumann) F19464E4RHHAY “13 - (P8
BA” (X3 0 - ERREREN").

41 BAH

HRIHZTHEERNR: —RESMHE, URHATEVFTETRNES, CUBKF (R
1) FRER, ZRHRENAFOETESD, BACREFHAGRITE.,

BERUAHESNES, HhBAESMFAHELN— N ERE, &4 REBFHR/NA
o (RFTFHRIE), BOER, —FHLELTBBRGT. BLRLANIT, RS T
& IRy e,

19464, 10 - P SRH T H SRR FRTHEREL, E4-150BR T iXRR% 4
. FEBUORZ, ZELRMNED - EP IR FE LR —MEGEITAR. 5 -
ERSHBEAESNMRIY . A4 (memory), &M ¥A (processing unit), #A (input), #ri
(output) | ##i ¥ % (control unit), v, PFFSEAFHRAF, HHIRTHIIELMHFRT.

Ma-1 - EFERTLRE
THEREMREERD - PR (von Neumann) HRHIAANEES
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411 N

R, BT — Nl B BRI A2, T3 (12%by-3-bit)
HATE. A REHIEALAAABR2" by B0t (P AEREMTE, A4 BT LU RBbIM L B),
SRR, RABERAEF R SR, FA0 A ABEL, SRNERZA 256"
(256MB) M7r, HA256MIEHIR2E BT, T4 (Byte) 4 TR &8-bifsE ., FHES-bit
3 — R, HLIME (gallon) RAGHMTH—HE,

RINBHW “SoEkls, LRV HT", EEAD, BEHMECLAFRETE, 54
BT LA A~ 286, GIAESHR, ZELC-3HIALANISAZ X, LC-3fYF-kas
%2, FAEREH W61,

PIATERE — SR, AT BB A AE ST (BHH3I). LIRS e
Htl:

<SR, (ER3RR AR FLCIMRMIERRE, H 24 U A B LR A CPURY

PFEHEL A 7% (Memory Address Register, MAR) | SAJR %314 ST, ik,
FE T A IR (435 SN RIEH S (Memory Data Register, MDR),
SR, B RN TR AMARAA S, RIS ARREHAMDRE
B, RERAFRESES, fit, MDRIINZES AMARKIARMAETL.,

ERIWEOELLN, ROGER-T "WERT 0K
DREBE: BT RIS BTN R
B4 GESORTINGE, EORFRELRE (WO50). B
ARTRETASEE. St , MAASWITERGBIA oy
BILO, THALACH A HIBIEN SRS, BAICRIERR | oo
TARRHL. o1

RSE, BAABRIER A, RERAFEORE, BMEH 10l 00000100
A MRS, WS NRAFRTORE, TREEOE
R AT ST R A BB B BEER KRS, (3% -
AN, BERETAERE, WERK, wigy 2 PTSHHMERR,
AT AN SRS ST, IR R A e, I B

412 REBT

S ¥ ARGBAERCENSY . ARUTEIOLERTORBRAELRESR, EHREY
RESSTHR, BOHRETAT IR, mBREERIE. KEHRELFIELT, Kb, ALU
REBFAMREET (BRD - EPFBRUAR—OHRAT). ALUR “BRBMEHST 0
5. B4R, ALUFRESSRAISAERHE £ 42 (MADD, SUBTRACT) filABRHIE
(#n#&fLAND, OR, NOT) % (2R$2%), LC3%H, WAE T -/ALUBT, ETLUER
ADD, ANDFINOT:X =A™ Ak,

ALUBTREAL B BAL K /b (size of quantity) @ % ¥EHCAHIZIFHHLE “F K" (word length),
iR R A B ERRA—4 “F7 (word), HALC-3MIALUSRERLEI R fLA /MR 16-bit, BiLL
RABRLC3R— M 16(LAIHLEE . BRISAKIH H CHIFRME, XREFZIHRWZIHRE. 0
4, PCHLFIT{EY: (workstation) BRI HRHLAYFKE #3260, (Mlntel 2t FIRIFEIEIV) H64
{ir (#nSunz FIHISPARC-VILL 2 Fllntel 24 RIAYTtaniumibBRES ) |, *HHBLE R F 0 iR & AOBAL
B, SFERMBHB T, MEVEHL (pager). FMRH (VCR)., FHREREIE (cellular
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telephone) €,

BE, ERI PR AHALUERHEER B BRIFOE S, LUE S OB A A b 1 T R
Fltm, 7€ (A+B) - CRYUHEEERS, EARAKRA+BIERRAETENE T, BMESCHREZN,
EEHKMAEPIEH, B4, MELADDIMULTIPLY &g Biie, MkAFHRGET A
wntiE, TR, LPHARHREIEAALURE TR TERE SR, RAFHRA+BIIEER, L8RI5
HIRERIESI R AL ERINTEI. i 2538 B8 LRI Rt — A% 7S (13.4.37),
KA FESOEEMIZESALUCEERORE—], RO FERERT 4+, ELC-
3, H8AXFEMAFAE (RORL -, R7), B MMEERI6-bit, H#ELZT, SPARC-VOF4 KL
B2 %S (RORL-, R31), & AIRAER64-bit,

4.1.3 BAMEHET

5 BREB UL A AR AT 15 BASE LA, FFE, 5 BRCEER BB A
@it R, ATENSE AR EUHEHUIMNG, RAOVFRAEXIIR &AM A /4R H (Input and Output) i
o WAL ENFERS, EIHRHIARES, RITEHHENA “SPBL4E" (peripheral),
ZIRLAE LFF, REAENTERRURN “HRiBEE" (accessory), BIEIZAA LM,

LC3FUREE T A HARMA SR IRE, Kb, MARSREE, HHETELERE,

HEMUREND, SASRERMBIRE, MRARSQERE. Rramsil. Kas, hd
B&GIFATENYL., LEDR RS, W%, ERM, IHAIUR ARSI R &S FEILRR (punched
card), AfEHEHIHRAG FH, BRIHRELESERT,

4.1.4 EHBT

122 16 8 T B 49 B AR AR SRBA R, P ESREE BRI T 2 M E LI, Eqn)s
ERAHRBIE, EiHRVBTFHESRITIRS, ERARBHBFITIRNE %,
NAFEHE P EAESPTEROE S,

BHIETA G EHRNEIEE, ~RIELHIES (instruction register) , (RIFHIRIETE W
T Rd 4y “RPCHFE (Program Counter, PC), AR T —RHERIES, HHI%T
FIEETRAHER. ATHEMRE, ZFFESHG A0 “S4T53" (AIPCHES), 1
TEAEMHREFILR 4844847 (instruction pointer), [ A i%FFRIAR LS L&A T—
RELEIE AR, AR, InelARAREXAMAN (EineBCRE T, XFFBOM
FAIP), WX 24FH9—~A i, AFHHAILERBERHEN.

42 LC-3: —&B - iEFEBUR

HTHEIRMHIER (NE3-3300R) LR IHNBHEFLH (structure) HHLBE A
Rk, MRS RIFLC-3RIH T, AW HIALCIMAR, HHESD - HE e
REfrtbe. E4-30HE TLC-3ME B ERER (AME3-3350R), (BRI T AL RAAE ML,
BARTE - EPSRBHTE LS EF M HILC-3%KHL,

HEEESIPHFEAEL, WROFLIELF L. ROFARKRZER P EROLEIE (K
BHR), ZOFAURENELEGIES. fiin, ALUBBRERA 16 ASEBRAT—MRHER,
HTRA B HAREAE, FAENMARRREORA;: TifsSALUKEHIHALUSS S %

© HHHENIEE, xE kLR T, WB/ESony 2 FIMDV+VCRLUR A #S FHL, RAMIMAI 20
HE#, HURERGRRE, RERAUEREBEN, —#iE
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B, BTEHES, FAEHTORRELN.

Rt 3:t-1 /\- GatePC A

<

MDR# H 9 152
% (GateMDR) 4

H4-3 LC3——AMG - P S BRHKE

FEfE E4-30 & A EBRARES

* A4 (MEMORY): iE7Fff#T, LARMARFIMDRS 73, HF, MARRIGHER, &
SRFLC-IMBAT FHL A R2', MDRULR 166, WokH 4765 BTAERE T 16/ btk
B, BIRLC-3Z 166 AT FhthY (addressable),

s HA/ME DRERBTRE. BAENRATERFES. —ENIEFESKBDR, #
FRAMASCIG, —RREFHFHKBSR, RERLMEHOREEL, R, BEARH
BRAROBEERTMLUGNFES. —REBFFBDDR, REFERRFHMASCIG, =
RAREFFHDSR, REMLOREME. ARXLHFBOMY, HEFSHITES,

c REFA: QHE-NERBEHET (ALU) F81 %7 % (RO~R7), o, RORT{EH
GR35 7 88, FALATE MGE 04 B 5 4R 4 (E R 16 S, TLC-3MALUREB T —FiE 8
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#{E (ADD) FIRFGZIHRIE (H{ZANDFINOT),

CEHEL, BAFHSHEBCEBHARXASRH. R EG AR EARREN
(Finite State Machine, FSM) , ‘B2 ARG HIIFTAER (F% “ARREN”, HEBB.6T).
BRI R —H— SR, AU, B—AH— SR FRIER (clock
cycle by clock cycle), 5HBRRBHMBAKMB A/ HME4-3FR: (1) HEHACLK,
TR T HA AN (2) HAFFBIR, RARRENN—PEERA,
FoRAE THE, FURRRESIERETLTRMCRER: (3) BFHEEPC,
WRARREND S A EERA, TGS 2ZE T ERTHRSNLE.

AL, ARREINFA MR HBRZ 0N L, MECBLEHIES, B

AMRHLRGHLRIED. Fian, W SALUK (2f) fH#ALUSH AR #RIELRE (ADD
HANDHNOT) ; S—AiHiGateALU, MIdeiE T ALURYH H7E 24 Al LR 44k BALE 28 R 2k
BERCHRE T X TFLC3MREM . BHIfE SAARREIE A,

43 EYLE

o B B . R AERBR AR LAbI R 5 RA M L AR O, B
FEREHIA TR HIT , R ST AR & HIRIIAAT .

431 #HE

A5 4R TNUBATAI BN, 5440 5 S A7 AR AR SO L. BRIFFS BRI
AR A, RERFOR LRI QRBLE, ERSTARIHME, LCIMIHRLRERIC
B (—AFK), B OGN LB A KK S Abit(15]~bit[0], HAbit[15:121REM B ZRIE
(R Al RSk R 1% B % FTRA 2RI 2Y) , bin[11:010 34 B SR IE B F0R .

© HuWiIEL, WFEMMERE, HOTMIRZARAEFCH, —iF&E
© WB%: HLREMKSREFBMARNFRIT? —FHE
© WBE: mRBIER #, Wi SRS —RHE
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432 ®|YAM

o4 MALEEE B RFE R B TR T, W, —% — S, ROVRE M RATHIS R
iR 4% 4B (instruction cycle), ey —HFR% fida (phase). —MELAMBIE T,
S & ROHEHLI R L A (6440 , (B RBTA AR A, RIRRAHE IR A .

ok, BlE—TH4FMAI6A T4, BIFETCH (Mtf§4). DECODE (##3). EVALUATE
ADDRESS (#i4ti+%). FETCH OPERAND (Ht#f%(). EXECUTE ($1f7). STORE RESULT
(Bl R) . FHRHLAEA-3FURMLC3RRER AT, BT B 1 HIR BRI T .

1 Rd54

EAHATARA R IR T — R ERITIES , FILE AR BT R4 4/ B IR. (L
B —F, —HRIBFR—-AESMES, TilhGRits XFRA—IOIFIIRA. £
o R RR Y, BT AR FMBT A R4 SAE REENT . FILAERILT
— e, WHRRMNCENERORETIE, BEHRBPCANMMEXMES, BERAET
— RS ENTF R .

FETCHY 9 Bt THEHR 40 T«

(1) fgpck A (1load) H#EE.

(2) WHBERH RN RTTRINE (BT —&H§4) BEAMDR,

(3) BBIRTEHMDRAGEAIRES.

2, RAREAFEDNH, BR, BT YIS AR ZEEHEAT—&HES, RITH
A MPCHZA R Bk R4 F— Al S Hsbat. BiLk, 7624ATFETCHY i JEANE—131E,
HIEBPCH A BN, RITER2A “PCHR™ BfE, XH—K, T —Fi&4 AMMFETCHY
1, F—AWERTHROESHE A DEARFER (AEYAHES T EBEPCHIAE) .

U E B R (AR R TR 2 T, K AR BT Z AL - SRBARY 5 28 AR AE SREASRHE Y
Wps YT (RAENRERE B ANREZFRE) . RAENE— 3 (stroke) RZ—4
#LEAM (machine cycle), H—/HLE IR R — BN (clock cycle, ZR4.4.19), #
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S b, ARSI AR R 05X A RS AMRECy

SyHan bR E—HMARAZER (load) HERIHLEAY, B HAFEURMERL
ARELOHLB AR, FEHERRTHAIAFEFEOEE, =S MDRIIRMAZHE AR
LB, —/ WL EIEAR SR AR M FRARENLRS, EAME “BILE", HFFE
$ih33GHZRARBIVALFR S , FH5EM33ML (3.3billion) HL2E M (itehEN), BR&EA-HLAE
AW K B 51470.303ns (nanosecond) , *EL— T, PRk TRBIATIIEFELL A BDOOTK A H N R
HO, XK ATHINE— AW, HIHLE SR TS 50075 Kk HL2% A !

2. %4

PR MR S R BT, RARSRR, HFEX AR R . WFE3THAE,
LC-3%M “4-16” FIDEIABI6F A4S, WALRLAIR(S: 121094 (R IERD FEEAMA, Hthi16
HRAEREL, (EAEMIHE | OR RS R A BLIUCH — AR GER16EAEE4) . [, %A
[FIRERES, RIA M 12bittE 4 15 BAVAREE & LA FTI AR

3. dkit i

GRS A AT AR L R AR, MIZERYA5ER. LABI4-20LDRIE S A, LDRHE4A R
P AN BRI A EA S ERS, WHAERIZSE TRINAFSLAS6 2, ZokFnikiE
BtRFEMAE A (EVALUATE ADDRESS) 52 A,

4. AR K

ARG AR BRI S (SLALDRIES A, % HEERS TSR (1) #
Z AT R AL AMARF 7728  (2) MMDRZF 17 28 $RHIE F NAFRIBHRIERC,

FELABI4- IRIADDIS 4 h B, 12 4 AU IE S BIK (I R2FIR6 % 7788, ENAHKR A HFFE
A MR, IR —T, 7E4AIA S BOACEE b, 1%V LAFHE & R i faFER T,
XA A R IEAL R TS R A MBS ARIERE, (ARG TRtEfiABRK, RIOAELRIFHE.

5. A7

YA TR A R, RREMREDEZTMOREL S EARR. MADDIES, £T
HEALUh TR AL — /- B A R 1 o

6. AR

ERAGAIITORET . R B ZAT T RORTE RS A BOFFE.

FERJE—/Hi48 (STORE RESULT) SEi2fa, #HISTTE GRS AN, WA “BiEL”
HEFI G, PCHHERE LGS AMIC A DES, MERE T —RELFENBIL, BTiE
A TEAEREZ A EROTEHOR G FFRY, B RATURRHE NI BATH RR “WUFHRAT™, nsehdT,
HBIZNAFFR (sequential flow) HEFTHT .

©  EEM AR MM RO0Hz, i EIESOHz, — ik



4.4 MEBITIRF

YRR R BUF OB ST R, B0 — RGO RAT 2R, BARRRITR =&
4, MERES =%, MM, KPS R BRAMH, WEEHS (operate
instruction) F1%4E# 45454 (data movement instruction), AIADDHi4 R T#fE%4E4, LDRHF
ANRTFRIERBRES (RN 35—, YAHEES, ENERRE
et REGRMBB RN (FERSTALLCIMAAF, IRERIXFMIES) .

FHEAGBE =d 454, HEH 4 (control instruction) , Jeff i RECERFMMITF. Bl
. AR R G AR A, BRI, B2%&. WIKMRT—E, RERE
Sk, B TEMERRGEL. 2, 3&IE4, HARRENE, MKRY. mBROFE, EEOES
TR A HPCRIN S EIMARTFR4RY [T, AR 1A Bt S BATROUT , AU 7E
AR MBS AT, BIHEPCIN R IR 25 5 T —&de 4 IR 4 W It 2 BT BTN
(R R LR B PRI Fil & BZE 4 BT 4 ok B PCRIN A, B Z AT 4T 1l
PCANUGAIIA. S HHE A IITRMIG, £ TF— M4 B tait, LB FIPCERA ML,
RIS A E ST A ORI, TR ZRTPCINLG AL, MTISKEL T 8RR Y
HIPAT I A FLAG .

EEAMHE

ZRIRIN B, —4 R4 AMEE T (phase), MBS TN WAETAH TR
(step). #HUiE4Hi44 (FETCH), ERE=ASBBUFIGT (TR TH4T) ARETR, —RAHPC
WA AMARF S, —RIENT, ZRHMDREFBATEAIRFES, FAXLEBES T
WFSE, TLZETHHATHOERREN.

©  ABlEHR T AEBRAH AR AR (07, MER “x36A2" MiFR “0x36A2", —FKIE
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B4-4FRR - T ARREIRERBED, BRORRENE—MESAYIAE T
RE. 36K BOHRRENAH, FOREMF—NHAEBAOES, FIRE (RHR)
IR BERIET A M RTEAFHEE, ERAFTA—TREET—RENTH.

R
MAR<-PC
PC<—PC +1
MDR<-M[MAR]

Rz
k4 148 (FETCH)

RE3

IMPHRATE
DECODEHiffiffidh,
B —RE

ADDIR&TE LDR{EA1E
DECODEHi fif5 $h, DECODE¥i#t/5#
fTE—RE I~ RE

H H H 63
DRI iR . -
WEE—NREJ o HnE

(Anms@mﬁa
BRI
HikE1 HRAEL iR
B4-4 LCIHRRENEE

B ATHEEI MY

(1) HRRENMLHRER “REL", BRIESAMNE M, K ABNERMER
“HWPCHAHAMAR” f1 “PCABMR" P/ R1E. BiE—. HHPCAREAMAREHSR (I
4-3Fi%) . HBRREN L B2 HGatePCHILD. MARB ME S, GatePCHIfI #PC AL % Mk
(processor bus) ZiAfifi#, LD.MARRMARMAI BG5S, CHIRYAAMERM, #ERNE
“BI" AMAR#E% (81773 S R7ERSHRML R, SR AMKIBYIA), B1E. PCHREE,
WE4-35F, ARREIETPCMUXE B HFRRA “+17 WIHIEATHE, TLD.PCREN
FHEPCHIMA (RRPCMUXFF X RITTHIHH), ©

(2) BATLL, ARRESEA “RE2". EXAAAMATR “RNE" BIE, HHA
FEEERAE (MEIBB, SN RERNERE LR “§47) H3h%AMDR,

© MHPCMUX{E SHIBRR B AN, PCMUXTESENEPCMUXFF % 8 T MR 2BMA, — ik
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(3), &3, HMDRFMBEEL NEHLFFR (IR), ARREH A b HGateMDRF
LDIREFHAES, LML R, HMDRBMBAIR, Bit, TREMIUELSBIE,

EIERECITE IR G R N

(4) fERB 4, BFIRFFROMA, LHLRZELSORIEDES (R1S:12]), HRRE
LR B AL RN 5y S 06

ZJE, ARREVGSE, HEFRNESER, HREBEBREL. RIFETEEY “RE
BB, FRESZAMES, FEEBEREESMFNHNLEMXEREL, ENNERLR
[C[ioN

AR BB BT 2K T — R ENTIIRS (MARZENF LB T—%), &
FRXFREBICERFPITRFREA S R4, fhHE 4O RBYLHEHER R, el
ek PCAZRIFT, pE4-4b fRECIFT.

WS CRRARINA TLC3M0IH KB, Sorh 04 TR R S R FIBEE . 04306 RIRA MY,
FATLH T B R BE VIR, 84 RINBRRICTIFAEI L0, T2 SRR BHER 7 %R Bhslt
HIE, REBIEHIA S B BT HNEE, BTEMESRNEHRE, WMEERE k&,
BRI : @ — AR R R, B AT RO AR (A EA) RINAT.

BTSSR
a) b)

H4-5 B Bl R LA

4.5 BHRE

ZRIFHR—8), MARNEH—FBE, MUHENFRATTEEIL! BAYESTELE
BR BRT &KL, RE—AME-RAMENT, ASAEEZE! WELRARES
Hy, el CARRREATET T %, HEHART EHREHELA L

HTRABRFRR, ER%RZHETRIERLTHRITH, MUNIX, DOS, MacOSKWindows
NT%, BETRERSL, REREADEL - HPBFN0EST. B, BEAKEFOA
—AMEENEF. B9, HFUHENKE, APBRFMRERABRFRE ZANGEX . e
PR SRS, HREMMEN, BRE—RIFSHE -RITSB]IT.

Bz, BFOEILRENTRPRFRRRED, AEEERPBFNERL “BE" —%
EHES, EEHESMESRREBUPCHER, E2BERIERS, MiRERIEY DAHE
EAB R RE— A HRR R,

BR, WESBRKRR, HRADAR AZHEN" (BLRMTHIERF, BEARNTHR
TERGHITRS) . RBANE DI ILXA BB OES FBIFF], REABR? FLURAGEAG,
RIS TR Y TRESEUEDE HROERED, #IERARENE RS IRER, 5
LMERTHALPE “RIEHT WY BRE RS (clock), FHABLEALEEM, —AHL% EHE
FFhh, LR ERE T RIESE (nextstep) MIFFHA, B2E 2 A4 R Eok# F—
VAT oh, BT, Sk TRESH, BRESKEL (L TIR4AIMIT!

B PR B A AN 4-5a TR, EERIEMMMES K4S (clock generator) MIRUNRZAFF



B - EPEEE 75

*O%, e,

(1) BtefE S %k B EEHMERAHHRER (crystal oscillator, fFR “RR"), E&—FESR
%k (piezoelectric device), HMGA “H”, BREHMM “HA" (PAERS). BROATRER “&
W ERRh AR ARG RE (IE4-SHHUR) AR (BRI4ANZ CRET ), XMES
BERFN FIAETFRIEER, £ 0BANE, SPERARERFA2V, FEAEEV,

(2) RUNGITFE MRS AR | (BDQ=1), W oh el 35 A4 HH FOB Bh 1 5 R A2 B0 S
H—% (EUHH)  ARRUNS R RO (0=0), MINBhES K& 4 38 Bl bhrk B 4038 8% B
LM, B e B 4 1250,

Bk, mEELILESEY, R#E “H%" RUNREW, 84 EHEBA & ROHH,
LS b, SR UL THALTIE G R SE R N IhRE. O3S, RASHHLE—#, £
B RGHIEHIE R (BBHH).

A GRHALTIR S RESS I FRUNGIE S, WIS ILH5 4ok, IR —/H 2400464,
REOSIEIE 1 BRUNSIT 2 B 4 MR

46 &

4.1 SHG - EFSRRESAARSY, HEHENEDREMEN,

42 WEME—TAFIGEATHED, RFERLERTHEREER.

43 A2FHEE (PC) M@ AFTREFTEN 4R %7 Hft 414 4484 (Instruction Pointer, IP) 9
AEMAE?

4.4 IR/ K7 (word length) RIE L. FRIMUMIMIEAHARM? £F
FrEdyail, KU TRMETEMR: FHKEEA, CBROEERE, EitHE

HOBER,
4.5 WMTRERROR—MRNRE, 5% FLATREEEQE.
ok L

0000 0001 1110 0100 o011
0001 i 0000 0010 o101
0010 o110 1 0000 : 0001
o011 0000 0000 0000 0000
0100 0000 0000 o110 0101
0101 0000 0000 0000 o110
0110 i 1110 1101 o011
o1t 0000 0110 1101 1001

a. Heht 3TN TERITTAF AR R % 07 Hhhk6lR?

b. FEA bk BT HERIRDBA T LAH SRR . ZRTRAINEE, ETLUR - EFS
B, ARSHDRET AT,

) 5 H15 i b Ot | B A BT 34 BLHOFMD 3 o

2) Siihtaxt RRIASCIG

3) Siideht6Fn T3 BAIEEERE SHIA (6F17 A%, FoR—A3260FA%) o
4) 5315 AL OFMAE 13 R TEFF S R B fL.

RS EFRRAE, —DNFRTERRIERTRARRKIE L TRARES, mREH
RUNSREFF ¥, FXH “RUN latch”, ZREMHXAHRR A LbilFES, TRE (set) RHEET

(clear), —H#TE
XBRAI R RIFEMMOEN, TARNREE, —iRHE

o

[0)

[0}
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4.6
4.7

4.

®

4.!

o

4.10

4.11
4.12
4.13

4.14
4.15

HOMAEBME KBS, MiZES R4 (LC3) 2
d. —ATHRIEGE ATURRA— AL, BIRES BITH RATR — A NTEkEE, ABAE
HEFRE TR £ 07 b AR BE R £ 7
—&IESABHAN EEMARIS? RERXFE AR INEFEM,
R —/ 324 S MM AT «
OPCODE SR DR MM

MRAHAECOMBIEBMI2NF %, RALARINS (IMM) TRENEEL S K
(IMMESZRES A D IND) 2
i — A 326 4 oM T«
OPCODE I DR I SR1 SR2 'UNUSED —I

IORBIERDRIS A R225, FHEJHERLI20, LE:
a 4 P RERIFLES FIRENRMIBRZL?
b. Fik HOHFBHB/MIKAR S D7
c. #KUNUSED# 5> 7 FRIB A B Bk % 07
HYABMFBIES VHECRAHEEES, L RH THELCHNESIRARLSFESE,
REH—MEF R
Bl4-1, 4-27n4-55 J1#R TADD, LDR, IMP=/ME4MGEE R, B4 AMS,
HFRRMES, ERRGHAKMFFBEPC, IR, MARNIMDREGH FRIMEY, HHS
T (P RA TS RIED).

RS 222 B RS i FHER

PC
R
MAR
MDR

LR 4 MR E A1, R A AR R AR A R,

LAADD, LDR. JMPiE45H6, 5y 515 HEMRIHES R+ & Hifamdie,

Rk, SHFRIEREIONAN, TiiksSHFSAILTERERBEEI AN, RitHIA-
3244 “ADD [eax]edx” (£%fii4-3) FILC-3#54 “ADD R6,R2R6” Frifi EHIHIT ANIML .
REGRIMPIE S IIPITIHI (RIZR3IMA Hx369C, BXH4-5),

ARHALTIE4 FTLAEBRRUNSIZ 88, B8 1L#54 M. IR F 2854 AR BRUNBIF 3,
BN R 3hiE 4 e

a. RIZHLE FMA KR 2ns (802x 107°8), WGBS E 204 P18 A7

b WRFHBAIESBEAN AN, AUHRNERLE &4, FZHRIEDELES
PRI

o HREHENEDUITES MK A, ARUPHHRATRE T, Hikz—REAE >R
ke (SRRER) W02, BHESIEA T HEN ) BB I — RSB, &
TS LA (R AR TR, TSR, SMLEAY
HALMATFEA—RHFES, WSTERIRS FIA R, 8L FmIR0TH, i
T AME, SRS TERRNRER, T—Ri84 X TLBIRA . ZREATIERY i
& (assembly line), fRIHEARAFFHAFMAENTENR, HIA R IHATH X AMBFHAT,
LA “HRE" BOHRRTEORES? (ELURNBRIEET, %L EREFAER
B Wk —pipeline”, BEHTHBIS R 4 REEBFARASENF “Hh".)



5% LC-3%1

FESATE, BATHA T RN ALR, EMLTRTHR.: (1) AF, (2) LEETR
AWM 6 GE¥IEFERA) « 3) MABRDIRE, (4) BHIFARTEDMBH LT
(LEHEHRTEY). B, WAL THAAMII6A . FETCH (R#E4 ). DECODE
(%), ADDRESS EVALUATION (Jsfitit3). OPERAND FETCH (BuiffF¥t). EXECUTE
($7), STORE RESULT (#ig##R). TERNTHME—A “HKM" HRHLC-3, EFHLIHSL,
RATBLC-3M5 4 Bty (1SA). ZRIVRFZEW BN T EHRPILC-IL R ERMHIHES, T
TR BT E RPMER .

TR IR, RAER T XFE— &, BIISARSKM & & R TR Z RN, E47%
LAREES, 9%ih, HATMLALC-3bfd %, HAVHRISAR EEMEMAsE, RIEFHLC-3H
CHiEE (AILC-3MB#F) WERFH, #ME XL E B,

FHELC-3 ISARIEARIER , HEZH A,

5.1 ISA#giE

ISAE X TR RBHTHENLER A, MUIFEER, ISARLWLSESRENETF R
RUEFELHNBFTFENHTALERL. B, R L LN RFRRISAT I E CEFHIIHLE
HEAG B, MBKiES (4C, Pascal, Fortran, COBOL) HFHMFREFEmME—L “BI 1",
A R RIE S IR AR IEE.

ISAH THFFASAR, FFERA. HOE (BEREG. BRAY. 0 FHE.

5.1.1 AFER

LC-3fa FALZ A A/MRE2' ($65536), ik (HIi%'S) EABRI6M, 65536 K/IMI%E
FFHARLMATHAE, EESHPHITRX A [E, b TFLCI3TEARLEIE R AR 166, Hi
CAFAERBRX 166 H—A “F7 (word), RIMBAMIHFLC-IR—A “FF47 (word-
addressable) 128,

51.2 HEH

BT AR SREEARAE RIS (R k— AR, BTUALC-3TIR S HAIHLE —#F, TR H
TR FEREZSIE), BRI R — A AN, Kb AR R BN KIS KR H %, LC3
iR T B AFFE, HFNBNFFERAHER F4 S (General Purpose Register, GPR)

FAE BTN R —FERD
(1) Bfesett. BRI R AT KIEH . BOFHFROFERDIR—A “F7, £

LC-3eRBI% 16f,
(2) gharFat, BAFIFRLHAH MR, LC-3h iR T8/ GPR (BIR% EHril%
SEEMIBRBT), AFSHRHIE, BERO, RI, -, R7, ES-1PRELCIFFHRA, &

MBRIIXNBRZAF A B4, HARO, -, RIGARSHIAL. 3, 5. 7, -2, -4, —6F1-8,
T R—KADDIES, H & SUEHROFRIAAH, AETFAR2,



15 14 1312 u o 9 8 7 6 5 4 3 2 1 0
0 0 0 1 0 1 oo o o ] 0 ’ o o0 J [ 1
ADD R2 RO R1

oot ADDHE 4 (97 1 3% He R 857 B bit[8:6] Fbit[2:0) R, HIROFIR1, ADDIE R4 RAF I
iy B 69277 28 rbit(11:9)#7R, BIR2, FS-2BURAZADDIE T2 E# 7 3 XHAINE (XfELHES-1,
HERHEN).

Register0  (RO) | 0000000000000001 Register 0 (RO) [ 0000000000000001
Registes1 (R 0000000000000011 Register | (R1) 000000000000001 1
Register2  (R2) | 0000000000000101 Register 2 (R2) | 0000000000000100
Register3  (R3) 0000000000000111 Register 3 (R3) 0000000000001 11
Registerd (R4 0 Register 4 (R4) 11111111110
RegisterS  (RS) 11111111111100 Register S (RS) 111111111111100
Register6  (R6) 1111111111111010 Register 6 (R6) 1111111111111010
Register7  (R7) TIHTHTTTET1000 Register 7 (R7) 1111111111111000
FS-1 ADDHEA-PAITRIRI #7738 3 F5-2 ADDHE4$f7 2 R IR 7788 S fF
513 #HeM

—HIES D AFAN Y . BB (AT 2) Fikfe GHERIE). —ANISA (REERLH)
{9444 (instruction set) ELAHE: RAFBHEES, BEAVMT MK, LhIFUBARET
BEROTFRR.

FERIA I T RS, HRIEDRADD, FHHBRE “F4 BHKX” (register mode),
1R ADDEY B R I FALIITHMD IS, iR IExt R (ER) NIk A BAFFS.

5.1.4 #R{ER

FWISAHAH — M IERRIE A BIERES, G~ M RIEDR N T HHHEFHIREZ—,
A ISARY BRI R A HR /N, HRISARSRHREIAESD (ARER), FmEEL TN
Precision Architecture 47 — Rl 15 =42 ¥ T RF/ IR & IR S A x B+C) o BHM
HEYLA & R/ b B 4 9454, nintel2 FIRIMMX (Multi-Media eXtend) $54 (##1x86
BERGYR). B, KEHISATOFERIERFALIES . WVAXEH (2012804 R E#
) RAERFRFERNEAES AITRIERGEDRAFBFZM). AEHE, AEHK
SHIUTEH (RISA) BHHAER—KEOHESRTREBRFELE (AL &S, TBE
KA ERT 2 XHKPRAEEY, AROEETRECLRNREEA EWRERE. TEW
LA ERF, WEHLSBRM, —HRGREDRITIER D S URNTINIEE, BHAHEXEDN
[SESE ]

LC-3MISASSME L T 154464, RIS —MBIED (H4AMbI[15:12])), MOMEE
AIREIE B, A bt RIERD T B ATLAE L 16Fh R4 . fELC-3, WIEMEII0IRAE L, K1
HBI® (LEFHEL).

FIARATLAY h =%, &M (operate), % 4E#+ (data movement) Fn##) (control), iz
TAR A NTLRIE L BRI IR 4 W G STFE N FFRIZF A7 28 2 I8 LA R N7 /95 77 88 AR A /0 1



LC-34:#4 79

Be&Z RSB, BH%ES ATEEESRTHNUY, WETRILR N BHES -
FAREEMAT (i AR HHUAMR 7 T 4047 ) o

5-350 4 TLC-3@BT A H 4 RIHE R, JErhbitl15: 121471 T & Mt AR 1ERD, A X & Fikk
KM, #ES2, 5.3, s4Wirmmig,

|5 ‘4 13 12 11 109 8 7 65 43 2 10
. H»ﬁ#i&] | ’ y l ’ J
ADD ) OOIO1 ) l (OR) SF“ 0 (P ISR?
ADD* ’ 0001 I DR | SR1 l‘l SZENYS(mmS) |
= == — ——r—r
AND* | 0101 I DR l SR1 IO[ ml SR2 ‘
AND* [ 0101 [ DR | SR1 ’ 1 | imm5
— : = —
BR 0000 | n zlp’ SfLPCH(PCaisets) J
R
we [ oo [ oo [REERF] | woooo |
JSR r 0100 ] 1 ] PCoffset11 }
— e
JSRR i 0100 |0I 00 I BaseR 000000 I
= — IS
LD* 0010 [ DR ‘ PCoffset9 f
—— — S
LDI* l 1010 | DR ’ ' PCoffset9 |
LDR* [ 0110 l DR 1 BaseR offset6 I
LEA* I’ 1110 | DR | PCoffsetd |
NOT* 1001 | DR | SR [ 111111 I
T = T
RET l/ 1100 | 000 ] m I 000000
RTI I 1000 [ 000000000000 J
e
st oo [MEEP] oo |
STl ’ 1011 ] SR ’ PCoffset9 |
—— : = LT
STR | o111 J SR | BESSH| offset6
TRAP 1M I 0000 | 8{LB A % & (trapvect8) I
- =y S e
oltfoo o [

ES-3 LC-3#&4%E (&%) M. R, +FRids B RAD
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5.1.5 Migx®

Hie AN RARE BMFRE AR, RKEISARIEL R EHEMXSIAERMN. HRNLE
BR-MEBRIFRARER, Z—RBOMESEEF, EEFARSXLUGHITF. B, 3t
—AEFRY, BOEGALSH, BHH=1E%, BhbReIAA—#, ZRES—4
BF 37 4 Wixt FCSRCEFRIKEA, fATRELSR “00000000000000117, HIREF3H16(1
TR (LETLRBETRITR 3.0 107, ZIOFHHREETH—-ME8KHE: 3.

IRISARYRIEDRER BB BIBA NI TROIEE, RIOKKISARMXABRELY. ¥
25, RAMBTLC-IMISAFT LIt —HIB A% . HoRs,

5.1.6 S

Fhp SRR CRIEROE (RAH) A—FHLAHI. SRIERTREFERIS T AR RLAT =5
Z—: W, FHERRESEG . Kb, ROVRFEETRS ZHOBRIERHD “F oA (literal) H
“ZBp % (immediate), “F @ E” AR ILBIEROL B MbIONFE AR, T LK
PR AERITTUUME S PO AR LR N, MRITAEEF AR £ FHRIZRES.

LC-33t ISP AN . SO, FHEBURZHNFFABRK, A0nsfF 1k (PC-relative),
I #FIL (indirect), %ikthis (Base + offset), 7E5.2%5, RTHAIIMMIAMA: FEBM
STEN%, fES3VMBIRMBIES b, HRALESFHER,

5.1.7 #&48

FELC-3 ISABEAHIBRE— N AER “##4" (condition code), JLEFTHMISA (HHL %)
WMAE “ETZARSMATERKRBEBHESITHEIN MRS, HPONFRE “RHER",
LC3RA=ZMIFHFSE (HbiekpE), S48 EAFFEBFEER - HBRRBAZE, =448
bitf R RAM BTN (HEIRHER). ZMIFFERIHE: N ZRP, MHEHEBLR: A%,
. BN, WESEBRCPREFBUSAN, RIBSALRENY. FREY, 2HRE= 4
AL (081). Bign, MREAGPROEARE G, WINGEI, ZRAPHEO, mBLRHKO, NWZEI,
PRINIKO; MRSALRZIES, WPEEI, NFIZHFO,

RAVRE =AU FEA “R4S", FAHBHES TREZ SN K (RRE)” B
EHITIAFF (RHH) REZE. x86FISPARCHLEREFAGIT, ENAFETF Rk M4
HIBATIB . 7ES.4%TeR, A BLC-IRERMAY.

52 REHES

BRSO RCEEIRMNES . SRR (Iho/W/F/k, BIADD/SUB/MUL/DIV) FiZifi
& (dn55/8/4F/5 8, BIAND/OR/NOT/XOR) #B T AMMBRIES . LC3IAXF=FRIERS .
ADD, ANDFINOT,

NOT#54 (#1EWB=1001) RHf—MRBIESK (unary) $54, HIZEESABESANFERE
#. NOTHR&4 X 16{LMMIER M “BAIMR™ (bit-wise complement), HA§#RFEABMHFHE,
NOTH4 3t B R IERAI MR “HF 8 FARR", HbbiB:IRFFFH, bit(11:9]8
HE#HER, bit[5:0h£1,

ARRSH 2 HIAA0101000011110000, MIBFTLL T4 2IE,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

( 1 0 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1
NOT R3 RS




LC-344 81

R3HIA 2452 1010111100001111,

40P S-4 5T R SR BB R A ATNOTH XL s . i FNOTR RIRIEHIRS, FLAALURY
BMARAA, ALURE SRYENOTHRIE (RIBRRKEME), RBEMRRS, BRLRTARF
2N

RO

R1

R2

R3 0101000011110000

R4

R5 1010111100001111

Ré

R7

B5-4 $FTNOT R3, RSHIKIZBR

ADD ($#fEfG=0001) FIAND (#{E/=0101) LRI (binary) 1§45, HENBEE
P 16T RIES . ADDIE&IATH M RIEBRAIIED NG, ANDIE & X M RIER M 164G
#A “bitxt” it “#Pr5” (bit-wise AND) #fE, FINOT—4#, ADDFIANDHINIRIEM 2 —
(bit[8:6]) FIBRIBIES (bit[11:9]) HEFFBIUHR, ESRLERSAANFER.

{EADDFIANDIE 4 HI% — /MR EM TR, WATLARFHFEH AR SR (bitlSHE
BRFEFEA B —F). bit(SI=0RWAB N FRERRFFE, bit[2:0RFIXFFSR. X

Fhil 5L T bit[4:3]=00,
B, MRRANZHG6, R5H-18, WEATHREMTZE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 1 0 0 1 1 0 0 ’ 0 l 0 0 | 1 0 1
ADD R1 R4 RS
RIAZEH12,

AnRbit[S)=1, MIRME AN REFHBAAELLS Zd, AIRtvit[4:01 16015 R 2 FHB MIZH .
FES-SHRRIITIES “ADD R1, R4, #-2" oS 1R % o 19 6 SR A



82

R1 [ 0000000000000100

ADD R1 R4 2 R3
R4 | 0000000000000110

1111111111110

55 $RAFADD R1, R4, #-20H 3§ %

T EADDFIANDS; 4, FUATbit[4:0)F B w LAZRL B gL, BTUA AT ZommoRIER (RhAGHE
K9 FEERARRAY. (7 BRLeRBOR ALY (BNOLE i Ko o R O BDR TR 2

FFFIRAT 42
EE:

© Wk b U ECR K. —PRRTE
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5.3 HEEBIES

BB A MAE S5 R 1El A2 /728 (GPR) RIPNAF I, 25 A7 28 Fdfy A/t i 2 I 3
B, S, AR BRI A 2 A R BRI, (e S TR O — A
Sy IEIF. A R P AR T 9747 28 2 M A BRI S .

A TREAE NN EBEAFER D L& (load), HiMFHFERIEANGH “AR" (store). 7E
B, ERAERT, SORE (RERES) MEERAERAS K ABHT%E. (B EREK
IR BERIET, BICARTA N A BRI T .

LC-347§#tfsd 4+ LD, LDR, LDI, LEA, ST, STRFISTI.

loadFstoredi A HIHk A AT «

15 14 13 12 11 10 9 8 2 6 5 4 3 2 1 0

[ wem DRAESK bt ]

BRI A FERRAESR. FAAG, FREHRRBONKE, ANLFRBHEL
(KHM), FARERZ —CAREHS, B-AURNFSHAME (1/0) &, mBAAHE
Baatay, MFE A RESR, ARAHSNE, AXRBAMHIRENE, BRMSRERITE.

bit[1L:9bRIA T sk 2 —, MHFH, mERloadk RIS, WikFBRMREDR (B
Destination Register, %7788 ), HI4E4 ML RA, K A NFERIAEHEE AZFFE, R
Restoref 4, MISRREILFIFBMAHS ANTE.

bit[8:01f “Hii% A4 (address generation bit), iX BB A FhiS: 10 E, AL
BRI 60, TELC-3h, AARAERIbAE (SMEEDI8:0]) M5k, AR T AL
X, RGN R RS UER .

5.3.1 PCHaAXFE

LD (opcode=0010) FIST (opcode=0011) RFAPCAast (PC-relative) FABIR., %FALBRZAT
LAk 2, A Abitl8:0 A AR AR L RTPCAIRRBIE. SnkitSHd . SeAfbit[8:01M A 160
YR, WIFEPCIE (TR M, BHMIRPCRINZ R YATRA ERIES THZERIE, tRRload
HalE, THEHRA LR R R IR A7 BT, SRS R AN LOHRE R 728 o

(B FHME A FRTE L4018, MBI A FFRIMAL R X3FCS, S5 RAFMAER2A o

14 13 2 n 10 9 8 7 6 5 4 3 2 QRO

15
l 0 0 1 o |o 1 {1100 [ R e Sl G | 1 7 IJ

LD R2 XIAF




8 £S5

B S-6FTR R R4 TR X BMIBEE, PR TLDRATMEA SR —RECHEPC
(x4019, [%AZx4018) SIR[8:014% (xFFAF) #fn, @HMILER (x3FC8) Wi AMAR, —£
PRI AXIFCSINFRE T, HAZEHFAMDR (RIZZETHANARS) + B=FNRHHNE
S¥ARZ, &4 AMEHK.

15 [
[ o)

R2| 0000000000000101

Rs
Re
fton0nn
16
'g) 16 ®
[(MaR ] . (oA ]

56 LD R2, xIAF$7R RSB il 8
R, AR TEERZRE (PR a2 MR TEE), Bk RZEHR %4 RLDE
STIR& Bt M+256F1-255TE AN (E#, ERBRMMZAPCOHEME) B4, fwoh
bit[8:0IN AR — SR

5.3.2 iEFiL

LDI (opcode=1010) FISTI (opcode=1011) 54 RMMEHEF MR, ¥k, RAMLDK
ST—HR IR — ANtk {0RIZHAE TR I RATA R A aE, FX L, bt
FIEBER B — ekt JEHA Rloadsistore RIERMICIE ML, BT, BAFRZH “H4~ #RA,
EAREENE, IHFRATIIUANEELE I AFEZAMERDY (TR RLDAMSTZPCHH
R THI+256~-255Z BRI ) . @3 fbloadZs Fstore i 4 —4, #§4-Abit[11:913BHRIR TLDIRY
BB FBRSTIRIFH 7%,

TRIE TSI 4 AihaE £ x4A1B, SAEX4OESHINARX2110, ZIFLMMITERRRIFHF BN
EANZAX2110,




LC-3%444 8

ES-TR ST EIESMARNXBRIBEY . WFELDFISTHS —#, F—SR/ i, 8
H5PC (x4A1C) SIR[:0IMIHSY RIE (XFFCC) #ain, HPAR (x49E8) EAMARFH#H,
FEERERNT, HHax49E8RIAR (x2110) ILAMDR, F=Hd, mFx2110F£HRIEYK
(TRBRIESFERRAEE), AR EXHEAMAR, $USEHRIERAF, MDREKBHEA
& —IKMDRIJM AT x21 10N, BRiIEx21108 AR R -1, IBLHEETSH, MDRIAZ
(=1) BWHAR3, Eit, I&AMEE,

15 ']
100 or] rioor1o0]

LDl R3  xiCC

LAARRRRERREREREE]

PC

B5-7 LDI R3, x1CCH4-$hf 7RSO E M

5.3.3 HiRBIU

LDR (opcode=0110) FISTR (opcode=0111) AR X bk+4445 (Base + offset) FYFhHik
Ro ZHCARAK “Ei+RE" B, REDRERGILLHO-biURB RO ST RAELF
FREIAEHMTRAE . 6-bithy i B K TH 4 MbIUS01F B, Wikol 78U hESH

bit[8:6]F BARIN,,
HAHRBI At 6-biMBMFIRIEE H-32F+3 120, ELARFLT RAI6ME, RF
A RESHHLFAE B
RIGR2A N AR 1617 8 {Ex2345, WITFFIHESRIRTRHANAX2I62% AR,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o 1 1 [ [D 0 1 0 1 0 [ 1 1 1 0 1
LDR R1 R2 xID

BIS-8PRRIT IR S MR MEARER . %k, R2OAE (x2345) SIR[S:0JA% (x001D)
M, R (x2362) EAMAR, Rk, EPMFFHHx23620 M %% AMDR, BikMTEx236280 7
ZXO0FOF, % =%#MDRAZ (xOFOF) #ARI,



R1{ 0000111100001111

R2 [ 0010001101000101

R3

R4

R5

R6

R7

16

L3 (moR ]

FE5-8 LDR R1, R2, X1D#5 4 AT 5% S 5050 B
SRR, EEHRBIARRT, RIEROTIIEEOLERY (&NFER),

5.3.4 RIS

BARMEEIE A M E AR R B G — Fh TSR 2 p M TR B T A A e
#4 (load effective address, LEA), LEA (opcode=1110) 34 &PC5bit(8:01095F 54 JR &N,
HEEADLOMEERIFF B, SIBBRO A ATE R Wk AF7FEMBEMKEE “SLaR”
(E M MR 4 FB PR, i A BREETAFETRE).

LEASA AR RMFFBMMMBIL, MPFFSEA AL, BiZbitR540HES
RABERY — Mok, B HHEx4018RL B & 54 LEA RS#-3, HIPCHZA Ax4018, 4 FHIHES
(BIx401840464) $hAT2IR, RSHIMZHx4016,

15 14 1312 u o 9 8 7 6 5 4 3 2 1 0
1 1 1 0 1 o [ I T R ¥ 1 1 1 10 1
LEA RS -3

FES-OFT R RMATLEATE & Ry BBARIEIE . R, ZdRSMIITHERBRNTE.
HRAW T, LEAIRAR “H—6", —DNEBURMFHI0adERIES, EHf i EPCHI
54 s hE A DI A N, AR ADR (RAYF R,
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15 0 RO

1R [1110[101] 111111101 R1
LEA RS xIFD R2

R3

v Re

RS | 0100000000010110

E5-9 LEA RS, #-345 4 BATH X 8008 ¥

535 —/BIF

FEAAEE - EBOFIT, B4 T¥d0&HTaEER. Bikiatx30F6~x30FCIEH
HIAAMAES- 108777, MATPCIEAxX30F6, RAM7ME4 Al ZERETER,

it 15 14 13 12 1 100 9 8 7 6 5 4 3 2 1 0

x30F6 |1 1 1 0 0 0 1 1 1 11 1 1 10 1 RI<-PC-3
x0F7 [0 0 o 1o 1 oo o 1JiJo 1 1 1 0] RxRM
x30F8 | 0 0 1 1 o 1 0 |1 1 11 1 10 1 1 M[x30F4]<-R2
x30F9 | 0 1 0 1 0 1 00 1 01 | 0 0 0 0 O R2<-0

Xx30FA | 0 0 0 1 0 1 0|0 1 01 | 0o 0 1 0 1 R2<-R2+5
x30FB | 0 1 1 1 0 1 00 0 10 0 1 11 0 M[R1+14]<-R2
Xx30FC | 1 0 1 0 0 1 1 1 1 11 10 1 1 1 R3<—M[M[x3F04]]

BI5-10 & FhF AR B

BIPCHRIIX30F6, RE BE— KW BRITHORS FIE7EX30F6, HBEMRE “1110" —
LEA#S4, BIFR1EROIS0MIFF S RIEFIMRPCIMM, REHRIEREABHFES
bit[11:9], bit[8:019 16{1 7 E4 R {4 HXFFFD, MEPCIH% Tx30F7, HMLEAfFSL RS, R
Pa% #x30F4, PCHx30F7,

BRIES R ERAX30FT, HBMEDR “0001” —ADDHE4S, EHbit[S:CHFEMFFES
bit[4:0137EI% (Rbbit[S)=1) MRSV RIEMM, RMERFAGUILIFHE, EAHZAAE
4 BAERIFIEAXIOFS, SENSITEY RIGHIEAX000E, ER2MIE A Ax3102, HELERSF,
RIMAZ R Hx30F4, R2%x3102, PCRY# B Hx30F8,

BIRIES M ERX30F8, RIEDR “0011” —STH4, HIRAPCH FABMAMHFR
WA A MHHESHEERNFRIT, EATFERTTA R TR PCH R (A Sbil8:017 S4 R{EH M,
RIEHLUNOIFHERANEBAZAFRTH, bit(8:01#9F S RIE£xFFFB, MRPCRIHEZ
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x30F9, BT, STHAEHIE, MAX30F4hRIAZ%x3102, PCHX30F9,

FEX30F9, FAKMIRIEROL01—BIANDHE S, #47.2f5, R2%0, PCHX30FA,

FEX30FA, TR(1%BLHRIERG0001—HIADDH 4. $f72/5, R2%S5, PCHx30FB,

TEx30FB, #AZBMIEMOII1—BEISTRIES, STRIFS (FLDRIFS —#) RAZL+R
BN, NEBLEREELEFFR (bit8:6]) M (bit[SOIMFSY R) KfnfMd. £
i, bit[8:6]#7E R, WRIAFPIAEXI0F4, ffs (offset) HIIOALFF 54 RIEAX000E, T
x30F4 + x000E = x3102, BTLAM7EMLAERX3102, HTISTRIESHbi[11:04EZMHFHFSE (R2) K
AFARA X3 1020 MR T, BIBATEANT, R2SAMNEFIZES, BERERSITZ
J&. x31028THINZHS, PCRZ HX30FC,

FEx30FC, Hfl|ZAMRIEDI1010—HILDIHEA . LDHES (RISTHES —#) RAAEFHE
Ko EHRAT, EWERMHPCH FARAAF M H S EHB— bk, FFI%, bit[8:0)#
16AL T S~ RIEAXFFFT, $§RPCHX30FD, MIENIRAEx30F4 (ix RRFHIRIERFIERH B
MR — “HatEHAE") . ATEHBIEX30FARIRZATREX3102, XA il & B & W R IR e
ottt LDLEIZbAF IR (BBiHAhS) HAbIILIHTEMIFFE (R3), IITLERE, R3
%F5, PCHx30FD,

5.4 HEHES

4 RIS BRI S MT TR S . MBRERHHES, SAHSTERNT
—&NITIES (WANF) —EHRAFENFNT—& (ZRNF). XRENRESSH
(FETCH) 2J5, PCHREHZMEM, HTERMNESEE, EREMNT, FEITHXFEFH
7.

LC-3% SFHR RIS R AT REK FIUAF - R VEBkSE. TARMBKE. TRF (XHRS%) WM,
TRAP, HWEE, EAYH, "IHEMHEENEREY AN “RAEREIES", EaAHim
TRAPIEA WA HF . e, TRAPIERAR, BAEEBRITUELE T REA/MRH k2%
SAMTRIAREEOERT, SUHHIREHEE, htak? JEs, RIVEHXTRAPHES,
FRAFEM. THHEEIEE, BETH9. 105,

5.4.1 KUREIES

KAEBE#R 4 (opcode=0000) AR AN Hizm:

15 14 13 12 u 10 9 & 7 6 S 4 3 2 1 0
[0 0 0 OLlelPT PC (R# .

e, bit[11], [10]. (91 BIRE T5.LTH R IH M= FMD, “FiE” AMFERHGE
BRIENIESMERBX =KD (2—), X&H4BHADD, AND, NOT, LD, LDI, LDR
FILEA,

FAFEBMIE A . R PEBEEE 45l * A R HINT, SR E R B REIR AR, Wik
B, RIREHBEEHMNUY (sequential) MITHR (EGRISMIMIELSYM, AHHPCHE).,

EfEHHEC RS AT, g4 (FETCH) MiFFS (DECODE) i At 485N, B
#RANHMLIE, PCHZ)MIR, HatitH 4 (EVALUATE ADDRESS) 1 5LDAISTHS44, B
F5HRPCHE 4 bit(8:0089 16415 S RIAH K Bttt .

MAERITYiM (EXECUTE), ReBBHRMEAN KD RS PIEMAGD) REHI,
IR HIbI(11)=1, WAAFERMAFIN, mRbit[10)=1, MHREREDZ, wRkbitl)=1, NHE K
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WP, MRbIt{I1) =ML LR0, MAREEMEHER, E8—REDORES], MEEHPCH
RSN, BRI (EVALUATE ADDRESS) A: it EEEAPC, MmBHAK
PHGRREAH0, MPCARRIERE (BREET—MESAY, HIFRIRRT—484).

B, BIEBEEAFFERHNTRLO, NnTHHES (ZEABIEX4027) HHPCEA
x4101, BIT—REHITRIHES K Hx4101 (ifiFREx4028),

15 14 13 12 1 1 9 8 7 6 5 4 3 2 1 0
0 0 0 o fo 1 0{o0 1 1 0o 1 1 0 0 1
BR n z P X0D9

BS- TR AT R 4 WX SBE RS . (B h I i, IR EIR 4 MR TR NFI .
AIROMERE “yes”, WPCHEHHAXI01, BHFAMx4028 (FIFAHB A HEAMH
®if),

ARFEO=AGbR1LMRRL, M= RAEBBHHERN. B, LR TEERER
HEAMBRER? EEEZH, RINEST—TEORGESE. §%, FREFLAHRT, =
MERUEBFESHE AR, BHZANFFEERANS TR AN, ORES (FHEK LMK
#) 0 Rk, RS RIFTANZA KRS, WsEHE - ad (IKR). KaiEs, PC
WABREES, MRALEROE AR BB M. BARMNTURERIAGRAET, bFx
Fiie4 “BE (REAMN) RELFCHOPCAZE BFN), FLARIFRXFHREFHE KR
BOIRIREA A T &MBkE"™ (unconditional branch) #§4,

R TR 4 FTEERI AL RXS0TB, AIZHE4AHITZIE, PCRZ Hx5001,

WREERE A nRBkEE (BR) HEAM=AMRIAbI R0, HRAEH 2MR?

15 4 13 12 1 10 9 8 7 6 S5 4 3 2 1 0

L 0o 0 o o |1 1 tl1 o1 0 0o 0o 0o 1 0o 1

BR n z  p x185

H45-11 $h47BRz x0D9$ 4-Hy 3 S ¥ 1 il B
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542 —A4BIF

Tl A AT, YRS e Sk
.

BRI 100~x310BZ A T 124088, RINFDS b Pl
B EN AR, B I WA AP S- 127

Bk SHAMIE—E, ROLH NBLEE, NE
R MBI R LB S, R, BREAE
B T RSO (FRERIR), KRR &
(FHEER3), ERHROMEE A (FHAR?), &= 2R
WRRCRA R BIH: RIGDRHEAE— SRR, RIEHE
AR BRN, FLLERIEH0, R2ZRMEEFARM
SEWE, FUBERI2,

WRACZE, RFERRR, BFEE FEOSE: K12
MR ARS, RIEMARS, B, fEGH
f7--RADDZRMFN , RIBME (i) — I8 T— ok
e, RMRE (K1) — ERRIVEELH S5/ 88
AR, SREHOMBHR, RABEZHE], BICRINE, FHEEERT.

B5-12 312 BECRFM Bk

et 15 14 13 12 B 109 8 7 6 5 4 3 2 1 0
x3000 (1 1 1 0]0o o 1fo 1 1 1 1 1 1 1 1 | RIc-3100
x3000 [0 1 0 1o 1 1fo 1 1 ]|i]o 0 0 0 0 | R0
x3002 [0 1 0 1fo 1 o0fo 1 o 1|0 0 0 0 0| Rx0
x3003 [0 0 0 1/o 1 ofo 1 o fi]Jo 1 1 0 0| R<I2
x3004 [0 0 0 0]0 1 0[0 0 0 0 0 0 1 0 1 | BRex300A
x3005 [0 1 1 o1 0 o0fo 0 1 {0 0 0 0 0 0 | Ré<MRI
x3006 [0 0 o 1o 1 1o 1 1 Jofo o |1 0 .0 | RI<RMR4
x3007 ([0 0 0 1]0 0 10 0 1 |1 [0 0 0 0 1 | Ri<RI+l
x3008 [0 0 0 1[0 1 ofo 1 o |11 1 1 1 1 | R<R2I
x300 [0 0 0 0[1 1 1[1 1 1 1 1 1 0 1 0 | BRnzpx3004

FS-13 KB B S- 12k R

H5-1B3FUR R KIIEF LR — AN /DEF (10%$54).

Hoe:

» BFEHTPC=x3000, WE—FELWESLE, HbIHAXII00LARIFFE (HATHE
PC=x3001, PCoffsetffy#F &4 /R I=x00FF, #§&KFA4x3100),

- BfiJE, G0Tx300189464 fUBTHR3I50, RIMIESZITR BRI, BLLELHMEO, BNAnAT
HRTERY “A136 L SUMA0”,

« - Fx3002f1x3003/946 4 I RAR2ZBIE (=12), ENMERUHEMAIMH, R2WIES RBED
FEOBBHIET . %S Rl 47 T #bhkx 300814 4 15 45 ik 2 JE B3 R 20 1 5B
#,

o (L Fx300409R FEBREHRS . R, ZIRAMbI[10)=1, ENiXIFSERERMEGZ, MRZ
REH, RERE ZATRZAFCHBMAOT, TIEEER T, mRZREHR0, WFHkKET
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TEBIRSERR, TIF4kEE.

* fEFx3005Hy Rload 454, I Fx310009M% (H— T 8H) RAR4, W5 HHTx3006
IR 4 HMARS,

« {iFx3007F1x3008 54 fu e —LE 3 S5 ¥R R (bookkeeping) TfE. x3007#y#§43tR1
W, E2ZiRE T —ERS A S (Aiikx3101)  Wix3008fyiE 4% R2RE, AT
IBFEH ZONMRECERIMA, FRHEHE S BIUIT TG RGN, Z, PRIREE.

o i Fx3009f9 & — KA BRI S (AFEDI[11:912 4 L FTLAKING k) . EHPCH Ax3004,
RS HPITARMANG, BTLL, ZEHRITH KBTS (x3004) % Fx3008
R4 (BB RH).

TERIERAR, TEREAT A 4 AT I R x3008 —x3009—x3004, {8 B %x3009f545 4 A

Wi PG, B S LR X3008RIHE AL R (KM IFRD) JRIE T x30045 4 MIATE R (BN
FIATEBRES) . x3008/4 ZATLAR SR K S, RENEXMRARIFFER2, mREHEH
TEMA, Wix3008HADDIEA = EMIEE R LRR K TFOR) (HIZFKAFIRHIHOR) ., Wix3004895%
BB AR S R E LR ERMZ, MRZHEHOT, WPCALHES, T M4 AMOEKRASH
x300S4EERTRIN .

X3000FF &, 75 H-BREAE S HUEEHIT . 4 HIBITAFFI: x3000, x3001, x3002, x3003,
x3004, x3005, x3006, x3007, x3008, x3009, x3004, x3005, x3006, x3007, x3008, x3009, x3004,
x3005, - AR AFR2E A0, X, FTREMITI0040 KBRS, PCIEHEICH
x300A, BIVEFERBkES 2 x300A4KEE

Ba, HA—RER, ROWATLEREREMEHESNTRLT, SH—3 R Kk
FHRF, RIDATFEHIE000/IRIFIHALIES ERAFER. BRMMAMLIHES (x3001)
NI A R R B RIAALRTG (x3002F1x3003), HATTLAHBHX31000AERARS, RFE
i GEitIMER], HEEEARS, HRIRMFR) MAKMG A $K, EH124 (HRF—4)
BRMTEZIE, BATTUBAT—MMES (dnES-135hx3004 50 HIBkEE 154 BTl —#)

FEME, BABHHES (RBkH%ELS) HFRFRGKESHTHES (TALELMNI0FT),
AR IRATER 10041 B HFD, WEXF R AR HITE 40 5 SR RBIFRE29KHES (TK
EESHPRRIOKIESRTER). MBOTURY (MES-1357), BFERARERS
WM (RF5F) MIEH, REBREBUEMN (reuse) —BHRBRKEERT.

5.4.3 EIEHMERYTE

FERFHBIOIH T, —l— 8 RERTOESFFIFRY “#1" (loop) B, 12
AMEFCRFIR RIS, REET —MER. BERKREEIT—E, RUEFRMAT - H¥
., B LER ATHNBMRERKE), RIOKRBERREHRT—EAH “EHRERGTT
—#",
FEHITEIR G BATR B LA AR

(1) RAWEEGE (WAHTE). MRFEH-DERNITOE, RORFERITHEE DS
fedhn, WEEHAT-- BN, A HHERRIFHB LR TH0, mRIHKELH0, WEHRE
PCERIMAL, RIEFHT—RHIT.

(2) FEFHHERRM “HR&E" (sentinel), XFHEAERN “FATMEERFER £ %
MR FRBIA R, B HEEGE ARGR, WRE Al HERAE (TARHRER
B) BRI RASHIGER R T Ak, WREM KRG HL . EHCBERIEFIINRBRE—A
R —— AR R AR AR AR BB, B, mRBNEEM AT Kk
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TR, WMAR T H T ARG, BRI
i MR (RAEN "B TREF). HiLh, &
RERE AT, DL HWT RS B (B3 R4 <~ M[R1]
WA ERRNRERTET WE FH) KiH
TSR ERGENST, — BRI WK, RAIBRE
EH LR T

5.4.4 BIF. WREBEAR]

LAS.4.2% %5, #ihkx3100~x310B 2 6 75 ik o 3
BAMBER, WLRTLUERE— IAED
£ A AR DO 10CHKR T — MR 17,
RIS Wik BB A MEES- 957, T e s
EE RS- 15977 B RT THAT MR

R3<-R3+R4

R
Ré < MR1)

Mgk 15 14 13 12 11 109 8 7 6 5 4 3 2 | 0

x3000 [1 1 1 0f0 o0 1]O0 1 1 1 1 [ 1 1 R1<-x3100
x3000 JO 1 0 1]o 1 tf0o 1 1 I 1 [ 0 0 0 0 0] R0
x3002 [0 1 1 0[1 0 0[O0 0 1 ’ 0 0 0 0 0 0| R4-MRI]
x3003 [0 0 0 0|1 0 0J0 0 0 0 O 0 1 0 0 | BRnx3008
x3004 (0 0 0 1/0 1 1]/0 1 1 |0 [ 0 0 |1 0 0| R3<-R3+R4
x3005 [0 0 0 1[0 0 1{0 o0 1 |1 I 0 0 0 o0 1 Rl<-R1+1
x3006 |0 1 1 0|1 0 0f0 0 1 ]/0 0 0 0 0 0 R4MRI]
X307 [0 0 0 0|1 1 1|1 1 1 1 1 Lo 1 1 BRnzp x3003

515 %R HS-14 B LR F

SRR &, x3000M54 FIRUEAR — N EMA KB ERBA, Hix3001
4R (RBR) WEALAO,

HrFx30020945 4 HEEHH AT (BRUER) HEEEARS., MBRMEAGE WL
Wi, WAHTINGIA GBI RN (EAHES SRR ES, mwRuime-1).

T x300309 F M- BR e 4 & T TRANR MDA, RNALAT, W% EPCHxX3008 (RIHAT
T—AMEH) + MENGLAO0, RABREE T —MARMT, MiZBFHMARS (x3004), RU¥E
T —ANWFRITHEE (x3005), RABAT—AAFETHAA (x3006), PCHREAx3003
(BT -84 2x3003), FFEATF —48HAT (x3007),

545 JMP#<¢

RIS HE— “BHANBRIE", BT KSR TEEH “THE EH.
BrRR “ATHE” EEAEPCHFAERMGHRE (bit[8:01F S5 RIA) RIRAE, hiFbit[8:0124
B, M9/ bith S8BT F 7 A o ik 7 B A2 B 24 BT B % 45 4 AR+ 256 —25 Sy bk 2 1],
TBRABATERTH T — R4 RIEH LA 4 1000001 B, 1 FIMbith) 3 B A T 10005 4 A H)
B, ILFABEAG S RS RX BT 1T

HBLC-3M0 4 HatiR 8 TIMPHE 4 ($R1EF=1100). IMPI4#XmT .
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4 3 2 1

6 5 0
1 1 0 o [o o ofo 1 o Lo o 0 o0 o0 o—f
MP R2
IMPIR&IIES A HHE (bit(8:614r1H) MABTEAPCHFA R, RILIMPHA HFx4000,
R2MIAA Hx6600; MIMPHAHATRESR, T—RMTHS AN EX6600, IMPHEA ATLAfE
ARFHIITRBEEAFEAMERILE, KFOXRRHFFSE (WR2) MEERI6-bi, EALL
FIENFERREE AL

5.4.6 TRAPHS

HIRAF MM R TRAPIE S FE U WHLBARMA SR IRAE R O(EA, (i FARIERPIET
RIE, FILATEMCSEHEAR . TRAPHES ($R{EM=1111) fIES RBEPCHE (SIMPHARABNLL,
EIAGTIIRAE R EAEZ AN, SmiEEe, BILLY TR P 5 6 Bes: R I RGN REDA
HIFaiRAT. fitk BRI R EMIARERB, RINKRTRAPIES HBIE TIRIER KRS AA
(SERVICE CALL). TRAP#4Mbit[7:0) FBZRME “MA%%" (trapvector), FRITATLLS
‘RE (RRT) BMARFHZREREWTHRS BFORES. FEHFANERA-2H, 1T
LC-3R BT A IR Hi PR A X ¥,

IS 14 13 12 1 10 9 8 71 6 5 4 3 2 1 0

1 1 1 li 0 0 [ BARE —l

RIERAFETRRS AR LI, BFTHHE (PC) #H#i% B ATRAPIA R T — &84t .
RESRBRERFERMATAOL RS, @i TRAPHES AL B AR 1 RGNS &%, FEAH
JUANR1E R YGENR 5 R B I BT

. RBR@AMA (trapvector = x23),

BA#FHHE (trapvector = x21),
© %Ik (HALT) BFF (trapvector = x25),

ARLCIR BRI LR ITRFIRERLEZ AR TRONE, RFEIRG— 1 EEIHE.

5.5 OIF. FRHMLGIT

BRAFBEORSG—NOIF. UGIBNREIZA T/, HEU— X EFFHBRK
% (H%ll) « BEERTS LR RZIHIE, RONAMANBRE—X P EEFHHHIK KR
b, BDBeZ RANK, ZHABGKERIE, FEE: RIIHEBIFM—A 1B HR— 5T
ASCIIFGR##: (H108H I BILIHE) .

ES-16RFHZABOKRE, KehE M RIESRE BIMEMLC-3BIE (3ESH) FLL
R,

B RWBLTIE, HIMRO, R1, R2ARIFINFHBRT M. RIREFHFHIAR AL
#, WEHEH0, RIZ—A454 (pointer), IMIHFMT - MFRTH, DHESTXMTE
= FRHER NI, ROMARFIRHRE (RICKR) MFM, RIMES MR RAEY N EERKE
BRI T,

EREROR, RNBHEREBEMHNLESEAFRBRFOERRLEERE. BiRR
FEALLE Rx3000, TSP B &Xx9000, WIRIAIMILEILFZ X000,

FEoSREHRAFHOHIARY. XAHELEMREXHOENFH, HAXHLEE.
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TR e AT — bR — . BS54 39 BRI B R R B 0E R kMR ik, X BRATERA
“m§5" Jik, BIRMEOT (End of Text) (00000100) {E%W&F7, BEHFEFMASCIF

H#E.
(R2<-0)

A DL
(R3 <— M[x3012])

MEAIEAF T
(TRAP x23)

MR F
(R1 <- M[R3))

RS
(R2 <- R2 +1)

S BERF
(R3 <~ R3 +1
R1 <~ M[R3))

(TRAP x21)
(TRAP x25)

E5-16 it Bk M s
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GREROFFG, BRIGNE SEOTILR, WmRHFE, WEALEHR, BFHERE -5, #
WA BRIERRE L MRAHE, WAEFHET. R (4HHFRETH) 5RO (REBAFH
Mk, RME, MR2MEM, Erfl RRAFHME), RIGHE, 70T F0F, H4
EFRHEAR], REREFRFEHAD, HBZFFRERWEFH—XHLERA.

IFGBFI R SLERTF, BXHEFHRNEHBERE, W LRROEHREREBATHE
SCHrR BRI, SR AT IAR B, T RETER R BB, XME S AU R ASCIIRY,
BT FERNERIL U HAT X iT 10, R AFEEE4-bId LA RE E M E001IENAT, %4
trale? Bff15EE R — THREMEE-2+ 3 HIHO0FI9 5 ENMASCIR Z FIRIR R % &, HRE%,
EATIR X R 3 7 W S A ——FE4-bit i i, B k4-bitghooll,

e, BFRHEBREMASCIG (i RAASCIRS) BB BRE b, BFLE.,

5-178 B S- 164 S 72 B B 2 B A HL 28 RIS

Mk 15 14 13 12 11 1098 7.6 5 4 3 2 1 0
x000[0 1 o 1o 1 oo 1 0]1]o 0 0 o o R2<-0
x000[0 0 1 0lo 1 1o 00 0 1 0 0 0 0 R3<-M[x3012]
x002[1 1 1 1]o 0 00Joo 1 0 0 0 1 1 TRAP x23
x003[0 1 1 0fo o 1Jo 1 1Jo 0 0 0 0 0 RI<MIR3]
x004[0 0 0 1]1 o ofo o 1 [1]r 11 0 0 Ra<RI-4
x3005({0 0 0 ofo 1 ofo 00 0 01 0 0 0 BRz x300E
x006[1 0 o 1Jo o 1o o i1 111 1 1 RI<-NOTRI
x007[0 0 0 1o o iJo o 1[i]o 0 0 o 1 RI<RI+1
x008[0 0 0 1]o o 1o o 1]o]o 0o 0 o RI<RI+RO
x309(0 0 0 oft o 1o 00 0 00 0 0 1 BRap x3008
x300A[0 0 o 1]o 1 ofo 1 o]i]o 0 0 o 1 R2<-R2+1
x3008[0 0 0 1]o 1+ 1Jo 1 1[i[o 0 0 o 1 R3<-R3+1
xmooc/o 1 1 0o o 1]o 1 1]o 00 0 0 o RI<-M[R3]
x000{0 0 0 oft 1 1]t 11 1 10 1 1 0 BRnzp x3004
x300E[0 0 1 0o o ofo 00 0 00 1 0 o RO<-M[x3013]
x00F[0 0 0 100 o ofo 0o ofofo oJo 1 o RO<-RO+R2
x00[1 1 1 1Jo o 00Joo 1 00 0 0 1 TRAP x21
xon[1 1 1 1]Jo o 0oo0foo 1 o0 0 1 o0 1 TRAP x25
x3012 KRR AL

20130 0 0 0 0 0 00 00 1 1 0 0 0 0 ASCUTEMPLATE

M5-17 XLBES-16HEMPLBESBF

HRR MR, x3000/18 4 GIIR2EE, AIHR25x0000M ANDHRI, x3001fH4
WAF30 12N ARARS . X RXHAIE — A FHFHERIMAE . Be5b, RATTLARE, RIARIF
FRIEHBAE, EEHETUERENEOEER, 458, Ex3000554 281, L4506 — /5t
4N RIS AX3012, {1 Fx300200R— KTRAPH S, RIS A EMARIERLEN
BR% . XTRAPHS HA8-biths A 5% R T00100011 (x23), HIMBAEA—FHIHHEARO,
BEUFANRA-2DFIHMBTARIERGIRS , Hhx23 (WRA2FT) REEAT-ARAF
. HAICEAROFF 8. BT x3003495 & HRIFHE I NTERINZEARI,

ZJE. FEh CFERE" B, YARRIMENRIES (FEOTMASCIR), H#4REARS,
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INRERRO, WEEE TR, REHHHKIEMME T, (I Fx3005M84 KM 0HEE
x300E, BNt i+ ${s AL B RSB,

ARRATHO0, WERERIFRIFRRAKM, FEMLRBE. {2Fx3006, x3007F1x3008
HJLATRESHISTROFIR I A R B, HNSER AT 948 1E

RO + (NOT(R1)+1)

HAHYROFRIMAEELMRER, ZFERMLERAH0, mREFRETHER, Wx300989 54
BEFHE 4 EX300B, U (BIAEEIR), WHITX300AM I (R2) HMEHE,

{7 Fx300BRIHE 4 XRIME, BORIEAXHP T HFRENTH, T Fx300CHE4AH
FHE—HEARL, 300D 4 TR A Bk EX3004A 1, HiE F—NFHRGLELTRE,

B YW RFH (EOT) HREDIN, MIFHITSRMESHERE (2 Fx300E). - Fx300E/IH
4100110000 ARO, i fiiFx300FfIH54-#ROMMZAFIHBIA (R2) 4fn, I%ERMERTEMIRER
SHEMIATIHEIE (R2) HERASCIETR (FEARD). frFx3010MTRAPIRA-HIBABMIERL, =
BAROAE MG BR. LYAWBELLZE, (Fx3011H1R4 B &GliT TRAPYS A& (EBF#AT.

5.6 B4 MigEE (LC-3)

TEERBSEHNAZHN, ILRNEF—TREER (BRI CRAERIHME3-33), &N
HAEILCIMISAMBIE A9 — A BN HT, HPK SR EABS-4, M5-5, ES6, ES57,
E5-8, FE5-9, ES-11 B, THEHXEEHICAE—KET (WES-1850R). HE, BFY
BIRRRAFEFE K TOOTZEON. KOFKEFRCRREL, MEOFLATRES. &
B, HpeyishilfE S4B B ARIR “Control” HyMitk, (BB 5B SH A ZAMERRIAE
H (CAEEBAERN) .

F5-18 LC-3fM%igEs
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5.6.1 WiZEEMEFIBLE

1L &BEHA

HR—EEREEHT, FRSEMHLMERLE, ERRNVRERBERNLBEL
(Global Bus), LC-3{)2 RS &AM ICREFMXMRTHE, CAT-ITEH55 M40
B R L 16/ bt E R, LR, ENEHTLAEIT L BN THEAEERB KL,
B8 EERARER - BIEE AMEEMIRE A RRE). BB, SIE0ER L0
EBARR, A BRI LHEEAA N =AY, XA ZAHEAFTRE =41 (ri-state device) ,
EREARERIE— MR RA - RRR S E E R SRR ABIR, TiH THZAEL LB
MR E GERRE—/MEKE), NRETLDx (loadffft) F5 (B%342M 187 R).
EHFRFAHHHBAREN2BEL (MTREESNBR), AXEUENRES, L
JEHRB R R H IR,

2. WA

AREM AR R, REEOHETRRRENE (Memory) T. AEFEEHEHSMY
. WRNENE—F, RERRAFIBILEAMAREESR, WREERIERad, MENE
#%%ES (RD), REAFHHIBEZEMDRERR, R RstoredffE, MBIRILBA M
EMDR#FFH S, RAEHRANFHEERES (WE), LIEAMDRGHMBIBBEEA (MAR) &
IR,

3. ALUA= % 4 B X #

ALURfE BB, EARMAA, —MRAHFS, ST ARRAFFERRTETR
IS ENg (354 B S ). FHFEXH (RO-RT) BB WLIRME2MHAHIE, $£—1HSRI
(3-bit) 4%, H—AWESR2ARIA. SRIFISRZFRAE RS PO FR . F2 RIERMEE
(FHFBHLAY) RIS HbISIFRREN, EE, ALUNFEMRARB—FR (MUX)
HERIER, EIFXRAIEHNES (3 B CONTROLER) ¥k kgt RA54-fbit[5],

ALURBREEREREBRMFEFERZ—F, KREMEEZ KDL, ALURRSRERNE
16-bithi#f, RS AM— AR, £i3-bitthFF 8 EH1E SDRIEHN, RMALURSEHE
FHERALOGICHI, MM RE M. FTRIESK, HHLOGICH KA BARNKILE.,

4. PCA=PCMUX

PCifiid BERFIMARIR G i 2 B, ZMhER T —AME4 ANIFF & (ANHEEAYH) BRI
A FTERIMbE . TIPCAS B 46 A MR — /33 IPCMUXIRBERY, SRR SUTBEBUR F IEESRITHY
RARE, RNMEERESTH, PCRAZE AZHHBISEPC, mEAFTPCMUXHIBARAA .

IR YRS R — RIEHHES, MNHGEHHPCMUXS A M RR T EAES XY (TiTRPC
WR). MRUAHASR— KA S LAMAME (AIBkHE), NPCHIHEAELMNRPCH
PCoffset (IR[B:01A16MIFFSH &) AIRF., HR, X RMBIELHEANMESE (TFRALU)
SERM, HHHERAIHPCMUXM R EIGA . PCMUXBIEIMMRAK B 2R A%, FEEOMI0%
B HAIERIRS T, RV ERIERGET .

5. MARMUX

AT, AR AR S FIMARF 17 8 R Sk it 5 RI. TIMARMUXESHIE SRR
Fi. BtR7Eload, storeBTRAPHISATHAN], HHAER N HALIMA PR AEHMA . MARMUX
UMM AR B BPCRENF R SIRFRANRON KA, ETARRPCEREAFHFRE,
UAR FERARBILIFBRAS B, MIBR YT MA7HE SRR, %15 5 ADDRIMUX fi Bt #PCH
# 4% 7%, ADDR2ZMUXfi #1755 Sh4/ B {E s i H . MARMUXMIZ 4% A £ trapvectorfiy %
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PR (BNEER KPR BARTIEO, WMBI6HIRIE), ERIE MM HERITPIHL,

5.6.2 WELEN

Bfm, BAOE—MELSRIEGF, HFRBHESAMORTIF (FE) S5mEas (2
H3]—ill, fBI%MATPCHZ % Tx3456, HHehkx3456/P9% $0110011010000100, ifikftLC-3R]
WISERx34555 4 IR ER (RIGR—RADDIES), L TEASMIRIERT L7

1. FETCH

L PATHR—HREIES T, PORARRIEHAAT (MKRIES) Msbat, £F—
AERERY, PCAZEE SR BEBEEAMAR, FIPCH M BEIFEEIPC, %85I &,
PCHZESTx3457, RIF, ET—MAM (BEAFE-TRABAELEEER, TEKEGILE LE
¥+AAM), AFEEE{H01100110100001003 3 AMDR ;s # F—/ i, MDRMAZA#$ AIRF
T, Bk, BURS K.

2. DECODE

BiJERI— AN AR, IRRONZBERS, BNy HZ @ e S0 — RIEHIES (ZOF
k), ERESHTRRIGLIA, BT YATRIEDR0110 (BILDRIES), XEHAHRA “Hit+
fRfs” MFAMR, MNFFIRBUMIBHSEA B 7F 2R3,

3. EVALUATE ADDRESS

FET—ABEEL, FFee “Ehb+mH" MR, R2 EAEHFE) FNATIR[S:0RT
SHREMM, HiBEMARMUXIF AR R (GBILE) f£AMAR, 84 $FHISRIFRET
010, feRIKMMELLHIH 728 RR2, B4, ADDRIMUX#EHIE Sk TSRIOUT, ADDR2MUX
TS NEHE T B AN AN BAR.

4. OPERAND FETCH

ET—AHEEAM (RFEL, WRAFHRMERERGE), ZbinFLTRRERE
AMDR,

5. EXECUTE

LDR#F4A A HENITIH, FILAZT HTE R AR RO A (BN HEkit ) o

6. STORE RESULT

BJE—/ AW, MDRANAMEARIHFHE. IKOWDRFRITE BNFFRNMRSH011
(R3),

57 I\

#EHAADD, IMP, LEA, NOT, ifHBIEMS R RAE (REW) 54, DREEMB
RERIEHIES? MK, #—FSTIHIZRSTURMOT AR,

5.2 AnRATE A F AR R BER64-bit, ABLH XMARFIMDRATANEBR BT 47

53 AFFEILGER (loop) MyFith. —FRRMUBBIEHIERE 5—HRERM-NHFEY
W UE” Rfl, EATHXFTEOFEA Lk

BRNFOE2S6MR, FMCRMAERI6N, M.

a FEAIREB DR S DM?

b. MR APCIAX FHLK, HERIFHIE S MR 20 FRMLAAAEL, B2 Bbe
AP ERH £ DU FERIRIAPCH B (PC-relative offset) ?

c. MR G FTEMIAL RS, ALAELC-3E4h, &SR 102 MEPCIRE R %R

5.

5.

IS



LC-3#4

99

55

57
58
59

5.10

5.1

5.12

E24

a ft AR

b. Bl = Fii A AR TREFFAERII T

C. FIHLC-3RISHF AR, HEME MR FRIERFEMIE.,

d. 5.1.2%shADDHE & R AR R {2 FaLER

FEIBR2.7. 145y “BLERH" (machine busy) $iF. fBIZBUSYNESSE % & WA HIER2%
S, HATTLARALC-3464 “0101 011 010 1 00001 (AND R3, R2, #1)” H|HiHlB0R
A (busy), AARIZHESMILRR0, MRk EHLEOLbusy R,

a. B— AW L2 22 Ebusy(ILC-345 4,

b. 55— HIMTHL 28 2F041 28 3 & & R busy FILC-346 4,

c. G RAEMBHRIEA HF (T — LI R busyMILC-345 4

d. FRAES— A HIMTHLES 6 R Tbusy e 4157 A 4 R
LC-3#JADD#R 4 Fi it Rk M Bk A IE B BR £ /07

RFA 15 L HADDIR S REF LA B AE BB B MBI, H LD ? HREE,
BANVFRB—A ML LTH B54. B SISATA M 2B SRR IERD, &%
ZANOPi4, H) “NO OPERATION”, iZ#4 AL HMiss . #M, MIFEHH, RE
ERITHMEN 2B M, TEBEHES TUBENOPRIZIRE, B ARKMERFME¥®RG?
a.0001 001 001 1 00000

b.0000 111 000000001

. 0000 000 000000000
i ADDIE 4 5 LA B 4R S MO BB 407

TFHEAHESARBZIAIME SR 47 EMNZAMMILIERL 22 £RREH 27

A 0000111101010101
B 0100111101010101

RANF Lt — RIGSRMATRTA : HHEFBRUIINER0, FHHEREFEER2D,
WPNG? MREE, Sk, MBARE, EHELT A,

TEMFTEHEAADD R2, RO, RIZJE, BATRHROISIHRI(ISHER, {5R2ISIFE, &
FIROFIRI L& HIABR T2 (UNSIGNED) %% (B10~65535), MLIEH AR T, i1
ALAEER2PHIAZE?

a. BRERME A — e S RAEHRUO A A FIR3 Z k2

b LC-3i AR RIS, B AEM3RIES TR TEAER: RI—R2-R37

. RER AEA—RLC-3454, ARMMIEMETSRONE, EFRIGANZRERHD?

d. R EREGIE A FFFIRIBAT, (EH BRI KM JIN=1, Z=1, P=07 ifMRE,
e. E—FAEBIHRR2ZNENIRS .

LC-3 A H U xt B T2 4RORMIMRIERD, )ik, TIFEREBMITORBIEMLC-3454,
ABFATFT LA it — 445 4 R ST F T AIORTIRE . LA T4 4454 191E %5 R MR UMR2AI A 204
& (OR), HHEEFRIFERIF, WEE FEEHES .

(1) 1001 100 001 111111

(2)

(3) 0101 110 100 000 101

(4)

EERF, 15 Tl Tx3 10008 F4%5 (HALT), #7£3%R1, R2, R3, RAWAZA,



100 £S5+

R H R
0011 0001 0000 0000 1110 001 000100000
0011 0001 0000 0001 0010 010 000100000
0011 0001 0000 0010 1010 011 000100000
0011 0001 0000 0011 0110 100 010 000001
0011 0001 0000 0100 1111 0000 0010 0101
00110001.00100010 DIOOOIOI‘OIIOOHD
0011 0001 0010 0011 0100 0101 0110 0111
0]000]0[’0][00]]1 ]01010[]‘1100]10]
0100 0101 0110 1000 1111 1110 1101 0011
5.16 FELATHEUH, LC3MB—FF IR RREAEN (THRESNTEREE, FLAE DR
BRI ) ?
a. SRBUA FIBE it + 2° ik O 2
b. R BB 2 AL I
c. ER—MESFERIOBANE.
5.17 JELDIAMBITERS, AL ORIEESHFNRIE? LDUEAH £/0K? LEARAR? R
fIstRIHRIE RIS 4 AMFA .
5.8 {RIZYFPCHE M —MLDRIGL BIEM ML, IRIELC3MBILES, WEELPKNED
[&]? STIFITRAPIE?
5.19 LC3RE4 %4 (IR) MI16/4bitdlk, HAbit[8:01%/RLDIF 4 MIPClRBIE, mERiIx
ISA i 88k, ikbit[6:012RPCIRESE, NILDE 4RI 7T FATEHE £ X7
520 MRFANZULCIMIISA, IELDIE4 REEMEE B8 RPC AT + 3200 At ik HUdE, WILD
#H4HHPCIRBFRBEE L D/ bit?
5.21 LC-3MISAR % X/ TRAPHRS ? iHRRRE.
5.22 PCAZHx3010, LATFA#FHATTHINZ 0T BR:
%3050 x70A4
x70A2: x70A3
x70A3 XFFFF
x70A4 x123B
TR=&IELSHRTIBEROBA— B, WIERER L7
x3010 1110 1110 0011 0001
%3011 0110 1000 1100 0000
x3012 0110 1101 0000 0000
RE A — el 4 B LT = 8 4 BTSRRI (957
523 fRTFEE4 B Ax30FF: .
x30FF 1110 0010 0000 0001
x3100 0110 0100 0100 0010
x3101 1111 0000 0010 0101
x3102 0001 0100 0100 0001
%3103 0001 0100 1000 0010

WRBFITREZE, RIGHARL?



LC-344

101

5.24

525

5.2

®

5.29

iz Fx320045—KLDRIES, RARMEM A%, RELFHNARX4011, [{iZIF4
RBUKIRRY A T F AL AR £ 07 FRIZHRAER E LLDRIRBIEROY BRI (i’
HEHR), M4 RAT IR L7 B/hMEate?

B—ALC3EMF, HARARIMAE, HARAERARIFFS, mEHSHEA, WRL
%¥0,

SBHF—TES, BIHFT—RIOLC3, TR HISAMMI RS, HAFEBAMHKA
MeNHmMEIOA, LBEAKINFHMELTALME D, BATEFIEZEANK6IKTS,
HEMANIAR16-bit, F4MBRMFRI 66X+, AAHRNSSFR, RRH
RIFSEE R E 2203230k o S

a. PCIREE DR E DG, 7 REMRIE S B AL 22 1?

b BHES T, TRANRALAHEED?

. RBNIHBETRAPIE SR HL128 M RIE RGNS RF, it WirapvectorEBSHr, B
FRGK LR S BIFMA Dbk, KR — TR SR FBE S RS/ Rk,

d. REFOLC-3h, RAVHHF B K AN REAN, (BERAEDYE BARIES 164,
WIEEHRINLE L, ADDIRSBTRER THIB AL AMIER £/

ANRAES 3 STITTRIGRIBIRIAT Z AT, R2BNEHXAAAA, IBALETRIES I TR
1, RAAEIA £ OFBIE? FlEHk.

WK BB BE" WA LERBE “load indirect (1010)” F1 “store indirect (1011)” 54,
B ABATFTLAR S oAb e 4 M &R SERMBEMIES . KA —AESFFI G FEEF+HH
store#fE (1011),

%3000 0010 0000 0000 0010
%3001 1011 0000 0000 0010
%3002 1111 0000 0010 0101
%3003 0000 0000 0100 1000
%3004 1111 0011 1111 1111

LC-3/—/"#§4 “LDR DR, BaseR, offset”, fEiX/M§4HIFH 25, W=k FE—i8iE
(FRA “Bi#E4" (microinstruction)) ;

MAR « BaseR + SEXT(Offset6) ; set up the memory address
MDR « Memory[MAR] ; read mem at BaseR + offset
DR« MDR ; load DR

RIRLC-3E5| A—/"Hifir4 “MOVE DR, SR”, HI¥ihiik hSREINTF RTARHE N E
Wik ADREINFFRTT, 3.
a. MOVEfs &3 A R LR, BhEREST RN LIRS LC-30L 4 1 —H R4 & 7T LUsE
AR (XERAHA (emulate)), REH (RHFH) “MOVERO, R1” 54 RLC-3HE,
b. ARLC-3RAYH I TMOVES 4, 5 HENMIES I (NFBERZEFA) .
Fli# BRARLC-3NERIEES A

o Ll

0011 000 0000 0000 1001 001 001 111111
0011 0001 0000 0001 0001 010 000 000 001
0011 0001 0000 0010 1001010010 111111
0011 0001 0000 0011 0000 010 111111100

b
w

ANRFC I R BRE R LB EX3100, A4, PRAEHEMIN A XROFRIMH 415 87
AnEE BT R A BA 9 4 28 4 X 100045 4 AT Z BIRIBAAT 2 /R MItR I (snapshot), Riflid #7758
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5.34
535
5.36
537
5.38
5.39
5.40

HAEfLRHL, HdliEAR—Kitafis (H=) 2

#ATHT wirE
RO x0000 RO X0000
R1 1111 R1 x1111
R2 x2222 R2 x2222
R3 x3333 R3 x3333
R4 x4444 R4 x4444
RS x5555 RS XFFF§
R6 Xx6666 R6 X6666
R7 x7777 R7 x7777

0x1000: 0 0 0 1
BITE T RS FFIAT 28T, FAFDMIEAN=0, 2=0, P=1, AHTZE, EMOEL
%47

x3050 0000 0010 0000 0001
%3051 0101 0000 0010 0000
%3052 0001 0000 0010 0001
IR TERET ZEROGAEHS, WA KRSEAE R TR,
x3000 0101 1111 1110 0000
%3001 0001 1101 1110 0001
%3002 0101 1001 0100 0110
%3003 0000 0100 0000 0001
x3004 0001 0000 0010 0001
%3005 0001 1101 1000 0110
x3006 0001 1111 1110 0001
x3007 0001 0011 1111 1000
x3008 0000 1001 1111 1001
x3009 0101 1111 1110 0000

ETHE5-18E MR A MMIRER, 15HES-4h SNOTR A SITHXAITIRER T,
3T ES- 188 H A& MR A B, 4 H I S-5 5ADDE A AT XA RS T,
TS 18m I & HRARER, f5HES-6h SLDIES IATHAMIIRER T,
HFES-18E HA L EEIREN, 15iHES-7H SLDHR A RATHRIIRERTT,
HFES- 188 HAY 2T EARER , 1§ H ES-8+h SLDRIE A ATHXM LS T,
AT S 188 H I £ MBARER, 15HES-9F SLEARS BATHR I IRER T,
5195 BT ZLC-3R R I, iR A 4RI ARE SHER R 40

15 0

BE5-19  KES.40f A



LC-3%44 103

5.41 52087~ RELC-30) R R L BLE 4 .
15

[T T T TITTIIT]

16 global bus

520 ESA189M
a fESYREEMRI A8
b SXRYFERDHT “1HE" (gated) 155, WRAXESHEZRETHFERIR?
542 LC-3FF % (macho-company) Yoz #I/#& ARIRIERSII0IKR—MFitE4. MNEETE
WA BEE, ik RAEN:
a. MOVE Ri,Rj; Ry #% NERI;
b. NAND Ri,Rj,Rk; RifRjFIRKEIHAL (bit-wise) NANDZ R,
c. SHFL Ri,Rj#2, RjINELEB2ULMILRIFARL
d. MUL Ri.RjRk:
RIVEREM 4 (REFBIMELE. EALE) ?



$6E m 2

BERNFF ¥ I GBY &, SRR RLHRIARNBRAE, FRBMNEEH
WA —REOEBRFNG %, JRENXERFNGE, nRBFRISETRET, RE2HA
—ShFEE (IR, RATRZA “£R” Rbug), MiHRXEHIROBENBRE AR
(debugging) . B ¥ 51 KbughtIEKR S, FLABREBFHIERAIM B8 ¥ X TEXTRE RBHE
FaR A

6.1 @R

6.1.1 RESW

EFIFS, ROEE TXH—EE: AHTERT (ARTFRARRE) RBRNMREE,
LREHMEREE AP EEHRETENS B, fim, YEHACREBNIES
(RERH IR BNIES, MBEAFIE, iEF (Mandarin), EJEIEF (Hindi) %) #EEHAH
# RJE, FREREURAN (algorithm), EDRA%& T HMAM =R UG RIE: (1) AR
# (T#IER), (2) BaEdt (BASRELMTN, T UHER), (3) THRE (BMSREL
HRHLTHRIER) .

FE20HH4E604ERIFH, BT “25M4Lsh4L” (structured programming) HIRES:, HEMRZE
BENBF AL RAE— TR KRIES, ARG MRS MRl 2
MEIBER (RETT), IR ZEsRiX s/ T R T B BT BUROL SRR SKBLRS AT tE (B0
RIS, BRI HSTE T UARIE N ERME) . BRAOTXFRIEHLED “Ak oM™ (system atic
decomposition), BI—AKEEFEHMET N FEFHEE.

THERIMNHEEE, RESBETEAHARERRE RAEN - EEH %,

6.1.2 =M. MF. &4, @R

ARG MERNR: H—MESU— N EEOTHEAT (NE6-1a7), H8REANEN
IHEFRT, BXETHTRTARKMEEKNES, MEEL KR IEATRHRN. 3B
HRA-ARAH, ROES T, BRIBREFTHFES BHENTFESE—S I MR
EANFES, MR, EFEB/N, ANEHEREER., ROFFXERY €9 8L,

SRREHTAES (Bith) BETFRHEN ‘447 (construct) AHLMLEAE—E, TREAH
fE% BR. B WAERHR Y ERNMA . FAEFIMIGX SRR,

M A-45 4 (sequential construct) KIfE R mE6- 1651, —MESHSMEFEN TES,
AR FREFSORTRRAREFY, IEINTESERZE, BHEBENTFES. AB—F
REERRERE, HERERNSTFESB—EERT, RPN TFES—BFHRIT, RRFEEEE
EFINFHES.

#4+4# (conditional construct) MIfEFHRMAE-1cHR, — MESWHMRFNTFHES,
EWEZPHBLE - EBIIT. RERH—MEHT, RET “&H" ORE, BMFKES
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“HT (true) MIBSTEANFHES, F&HH R (false) WITH AN FHES. EE, KFOE
A~ FHESEAIREAZE (vacuous), HIfF A®AM (do nothing), Ei#nfy, —BEHKFH—4F
fEHIATEE, BFEREIFXE, #AGEORY, WRFFEE LR EFMR KA.

B ROES

AT H2B £

b) WA R ) FHBITHR O REBFTHR
H6-1 St mRrEFHER

MaREH (iterative construct) HIEALHRAE6-14FR, BNFE—AFESEREERST
£, FWIER, EAMERERES K. 0ER, FESEER—K, HERERIES
MK, ERAEHE (8% “K), WHRRTEA—ES, EFHE, WBFREHATF—1
.

B6-laf, HHERR-TES, WMHTARRIARES (HHESFFH), RBHLRERE
HER, RIVFEHRRFEANESRERMLES, BELSRTLUE TE=FfZz M
FiFmRHERE, R, ERRM-1ab R EMHNE (ME6-1b, cRd), EIMAE A EE
4fiF, BT “¥ A o” (one entrance into the construct) I “## =" (one exit out of the construct) ,

T BA VB (1T W A 5 MR 05
6.1.3 LHZFHLMMLC-3ES

FEVRROITF 2T, BATEMRLC39 5 =FEH9) W5 A EES (INE6-2PTR). Kb,
E6-2b, ¢, dFIRRIIEHIES 5 BIR R T E6-1b, c. dFURII =R,

E6- 2R EF A, B, C. DRELCIRWIRFEA Hiehk. thamie =461 F i Bl
‘A7, REMBMBE —FMITREWALD,

E6-2b R R 3R 5 RH MBI, R, R THRELGUSMFE, EHPCK
BEHE (MBS EB+1), BFMERTHED,, EFREEEINTHES,

B6-2c B R At R0y MR OT ARSI W SR AP0, BB RN RHFED, (T 1
SEBRYFAFBR 1S A 3 R MO MBIR , IR &I, WIPCHIR B H#IECH+1 (BIRATFHES).,
IR EMAR, MPC (BLEAELHIBIE S M B 3 ) MIBAED,+ BRBUE S (BIAAT FE%2).
FESUILEHIRS (BIEC,) R—KRAIEBEES, BHED+ (GEE: SRR TES2M
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#EWE, EMETES IRSHMA).
A

BT FIES
FEHA R B
i34 B +1

B FAES
D,

a)

A A
MR E3iE 3
8, [oooo] 7 T x B [oo00] 2 | =
FHEE FES
¢, [0000] 1 | y D, (o000 111 ] w
4
FiEFI

©)
M6-2 SHEAMLRBRMANLC-3H54

F6-205H5R O R GAIR AR 53 RS ANV . 55 4 b KRR R, FRRAACR R A2 B
KRG (REEHD), RITRIITEHEBSIES, EXE, CTRABIRSTHAHRERIEET, 8
BB KA DB, WRAEBREED 1., MR, AERARHEAI, WPCHE DB (RiT—
WFES). FEFMERL (D) R—REAMSEITS, AIREPCHA, FrkdkRinMit%
PERS (PER: 23R T E6-2dsh FAES I A B, wit R T E6-2d% $/5y ARESIIE 45 A ).

TEBRINFEBIFHIS .

6.1.4 EIRFHBGEITHT

EIBRS. S X FIRIAOEGE . 76— 30t ST E R B AR, A TR d R AR
ABER: KitRERGEBERE L, *ix A RES R RS MME6-3FR, FE
R 43R A E6-3aFT R .

KT EAFHMRRFIE, RIS E EBIHEE BRI 4, CLR AL ik T LARE S A
B, A Gl R R SRR, ARERRRINELEN TR, RERERS XEOHAET
Ty G BB @I XA F RS HBROSN, BEHHE RR.

B, BAEBE-AXHERHNHRTHESE (A TeRTRARIM, HRIZFHS).

FRt, BATEFRE-LTARME, FRTEOEL (SEEARMISBHELN).

(1) kARENBATH,

(2) FRIMBEET SRR (RIRH) 1%,

(3) e EAER RO TRHE,

(4) BERFFHIANKE.

BeSh, BAVETEE—FHLEIR KN X R T H,

Bk, ZRAER A CRAMFLEH) BORH=185 (E6-3bkA, B. CBUR): A
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WrEcasatt, aEMRRIERFICRFE, BY B X P E F A LSRRI A K H#E, Chr

BERGIER,

et ﬁéhwﬂélﬁi)%ﬂ
HAEA

A=
. ‘u;«wa FErel
e

MI#EE&%%—’\‘iﬂ‘
c R RENEERE
%=

I

AR, AR E
iz, anSR RN (i At

TER A% L BRI A

WMAFH RERMXHE,
HIdFEFHHAOKY,

B, ERTHLBREF
THURORKIE Bk H9) c

b)

H6-3 FREKIUHRFNES LR

RIERRE G F AR T Wbt BOEENE. ERFOHEFSTIN, LARRLFHE

RAFMBNFHZHWGE (FUSHABBERHMBTHIR) . XEMBET S A TR
BUEGPREAZ S (¥, ERERFARENETRIEGPRS, BATEZHMHTIMEHAGPR).
MH—-HMERT: DHLEFRRIEO N VRS R, DFHEEHE ISR,

EFRET (LFST), PEETESHE. HREE0, REHRHIMEREXHNE T
. NRERRIFTERTH, LRMEFRRE-AFH. S6E, XM RERR T RSN
AILSE (E6-3bFRIEIRA)

WE6-3cH R, BMMBRYH— S MR T “WHEH". GEF—%K, BEXMHH—AF
T, RS . BIRMRGRERFIEAOEN . WRFFFNRITHE (mRERDIE), R
BAT—AFH, ATREFMAES, MESTHE, EHETRYA LA WRERIHE
Bk, ABRFRAMGRWKEL, HILIASCIFHEOT (End of Text) fEAM K, —BRAE, RE



108 £6 ¥

HREXHERT . BAIEER, UXHERATHREREOTFIAHM R E R &EFH.

4[R2 <0 (count) A1 [A2 <- 0 (count)

RO <- input from the keyboard
R3 <- address of first char in the file A2 [[RO <- input from the keyboard
R1 <-first char in the file
A3 [[R3 <- address of first char in the file
A4 [R1 <- first char in the file

WEETE, MBI, W
SRR AT
EY

H6-3 FRBLHBIFMELMIR (5)

E6-3cH i T THES AL BAIFAER . LC-3094/ %72 (RO, RI, R2, R3) 3l
BRTHETONEETE: BEBMAFH. YaEMRTH CRAXH). %S, BAT—
AR F PO o

F6-3dR MR &5 453 W8 TBIFIC. J+h, Bl¥isyMHB2AIB3, B2AFMIR LaTF4F, ik
A, MIMEIHEE, B3 GFHRR T HREFH. ChloRRCIMC2, CLAFHTHHE
TE AN 8 2 5% 8 ASCIIRD, C261 FE4a HASCITRD HH 30 16

F6-3eST B JE— % sy iR, BIMB2ARLIR— /A by, WML h—A ML (AN
Wik, HMIEPRAT-MERETH).

BE—SRBEBN—%, REEC-3ehE M ILIERIHEN TS SRLCIMRE, HE,
E6-3eA R EMAS-TREL BN (B—FRN, BXNENERER).

EERFFMZAES —ROR, AEFERTE-T FREFE—LEWBRME, ik
i A0 PE6-3e;X AL TRUT R 0 RRHESE . 0SB EX PR, TEMF! IRTLUEMBRABRIMY TF,
RIEE AWML, WRFEERMENE, Fa—EREAE, AZRALERAISE, B
BIEEEARRT . SIRRLHE ‘DML (what is given) . “BEMft 4" (what is being asked
for) LAR “EEHM” (how to proceed) 2/5, HEIBFEEMB (MAH6-3a), R/EEFHLER
LGoEN: 228 ue: N



109

ST

A1 [ R2 <- 0 (it#{f)

©)

H6-3 FAMKHRFHESHLLR ()

6.2 @i

“UBIR" (debugging) FTRERTH RALHIFHET (RATHZA “common sense”), Fign, ¥
REFE—ANRRA LAY, HFAERNHOET - HROBS, BaRixE2H? &
Wil “BYMIR" (driving debugging) KRBT AMMALE, REXAEEMER, mRE
BAMT, (RTRAWRFAGERL, RASHER, RAEAK Sl B—4A k%L, R
B, RO TRSTME, &BY AR, MHEOER (mAESMIBER EHR) fE L8R
iR, EREEEREIS R (SRXMRE ARBEAREE).

BRERMEESHRAEL, BAFFFEN—ERERMFARBHN—AS, RERODH
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R R E R B RR L B, BREF A A BRI BT R R A8 S MIBITER. lid xHh
FTFFFIRIBRER . TTLARBLSHIR S ERI R (B B R IZMPATHRIDES) |« HERHESH
freffmtad, FLLRBBRFRMZmEIR, —0iE, SHREABRFPTHIENTHRRESH
WREIAFER, IP2ataiE B HBbug T,

RRFEN R EZ -, REBRFS RSN R, HEENBENTERM B E TS
Fo FLE, SHEORERYE (6.11) EHESERES, FAHELEERGBORERRS, A
TAHE R DR e R T RE R AR (TIARRE B A &) .

6.2.1 WKMEARRIE

RECHRSRAMARTR, ERRNILER, (REEMIHOTFS TR, ERISHEF,
RfH§£ 21 dbx (—ACIEFHGRIERSR) FIREMO LR AR, EIE, RITLEENS
HMEE (TAREUCHEBEIESRK), HHEFHRIAMRBLR, il “ZEXER",
BRI R AMBRRATE, TURITELERS, ERNOGFH, RAGERSERL
LC-384t13% (simulator), A TRILAE T XMHIBRBM KR E 220,

WM BEEERAT RER{E:

(1) }FFETTIH I BRE .

(2) BATRFIESFT.

(3) FEFERER S LT

(4) EEERTSR, ERNFRFEERONE,

EERIERAES, BETEMNTUERR L BIRES.

LA

EEAFRFFESRAMEDIES EE, ROTTUBGE ZAMOREHGT (MESAEER
REYRTALIFER), A RN FRIFFBOATZEDRIDNLE (WRRTEZ i RE ).
B E AR TN MRS RIG, TARE “BA" BHITZAORE, BRIERFE
HABRE N RBREURA , 2B S A TR, BTN 175 2 MR P24 e
SREEGME, TFCMBI T RAMERER, MR AHANASCILEHF HIEROFR, IR
UABHAEROF LA —/NASCING, SATGHEHIINIA 28 HH B2/ B IF 46T (iR 46 3B 1B
FFEEAT) o

2. RS S A AT

BB 4 F IR RLE: (1) TUMEERABITHENIASFF (Tifi—EdEEM
BIFAOLIE, REBITLHEF), (2) HERFONIGT (UEBERHIENFRFFE L
BFERER). ik, BITHFFIREN =D EABIER . ARET (un), RSRESHLRGT
(step). X EMiA (set breakpoint),

EAAEREBHBFMNIT, ERLAEIERIE, ABFIHALTH A 50 A,

Y & AR R ST E S A4 ZRRE b, P T LA i 38 5 7 R A B2
SRALEH (MARPITIRAHBA) . MBHADL, WRGT KIS FRBEL., RIOBREF
AYST—HABSHHRAN “$F A" (single-stepping), XF R EHRATTLUERGT— KIS
FERER LIRS ORTER.

BT WAL LRI FE AT B 1 A AR . TSI B A SETUNLAR : KA AT A
AR IEU B R~k WASIRT b, MR, EEAIRSIWFETCHY#, B4 43PCA%
SEFIRMCR, MRRBCERN P IERGT, REAOBRRBIULEFEENGT (TABERS
#A7), HBIPCIESFIZ 8 — /4 W AR h k. AR AR B T i
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PATT. AERATERENRST WARE @4, AENGT B @4 BFEFTEALHE
17, AW AL, AP ATDERRMORFETRE (NFRFFEENNE). 2/F, mREN
BRI T RA TSN AL, ATUAHESE “G5BRYTAL” (Clear Breakpoint) ir&-H SN .
3AEEA
LB ILAE, ATUMER “EET G AREEENIEATRFF BN,

622 ZEABXB/HOEA

THERE A, ORI IR R IR HR AR k. AR T ARRER

(1) FEFR TSR], ERER NI T A EFRRIT RS (8% .

(2) REF#oadfir & E i, AR Hifiitloadd§4 (0010) HANTFHETHINEEANIES,
B TR T “load effective address” #§4 (1110), {EfATERMAE (TiARMZ) B
ATHES.

(3) 2B T VLR KRG RITETE, FEOR EBREER 4 09 R PRI IR

(4) 2Ws T ATEEIFTA ATREME .

RATTRECKE, MRRAWEHR, RHERLEATIE, BAEAEX203 R EM A, 3
FTLAERA R SR EABATOIER, TiA IR KM AR S M0RIT, E6-dcBRARRX
FOERRIBRBRAE R, HP M BAT R — R OAFF . RMNKBIER KR AR AFRIK (B PIL



112 (1

ERKE) .
Address 15 14 1312
x3200
x3201

3

R2<-0
R2<-R2 + R4
RS<-R5-1
BRzp x3201
HALT

x3202

9 8
0|0
0|0
i [
i

=lef=|~|~

X3203

o|=|=|e|e|a
—l={=le]=|=
ol-|=]o]e]|s
of=|=|eo]|o|w
~|=1=[=]el~
olo|=|o|o|-
—|=|=lo|eo]|e

_ENNEE
—lele|e|=
ole|=|o|e
ol=|e|~|~

0 o0 l 0
Feik AR

x3204

PC R2 | R4
x3201 [ 0 | 10
x3202 | 10 | 10
x3203 | 10 | 10
x3201 | 10 | 10
x3202 | 20 | 10
x3203 | 20 | 10
x3201 | 20 | 10
x3202 | 30 | 10
x3203 [ 30 | 10
x3201 | 30 | 10
Xx3202 | 40 | 10

PC R2 [R4 | RS
x3203[10[10] 2
1
0

coo——mmmmwwlZ

x3203 | 40 | 10 x3203 | 20 | 10
x3204 | 40 | 10 x3203 | 30 | 10
40 [ 10 [ -1 x3203 [ 40 [ 10 | -1

)Rk BB BLEVEN: I
64 (AR ERREBAR LRI h IR

B JEAXA BTl — PR, EFFARFIEEZAT, SERRIFIRSIAAILAH 1003, MEAIER
R FMIRA Y EE, (RLARN MR, £k, BFAHT AR ESRREAR,
BLALOFI3 ROKAY, XA RLBF AR A S AR, BLEHELMILHMTH
WikH R (A1) . —6F13, 4F0-12, —SFI-7, (BRI T — M REEMMAE—20 (B0
0), Bh “Bifi” MBKOETERY. ABEEH0, XBEHRHGL, —MERMEFMIZE
EFARTR FHRIERERSTORE, FOMREARZ—, REINERMEREIEH ERY
EAL (DB 5 Wk % BB FF BT BRERY) , X EERRATEMIAFRD “RA”.
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% =
Address 1S 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
x3000 [0 1 o 1o o 1o o 1]|1/0 0 0 0 0|RI<0
x3000 [0 1 0 1 ]1 o of1 o of[1[0o 0 0 0 0RO
x3002 [0 0o o 1|1 o o1 0o 0]1[0 1 0 1 0 [R&-R4+10
x3003 [0 0o 1 oo 1 o0f0 1 1 1 1 1 1 0 0 |R2<-M[x3100]
x3004 [0 1 1 0o ]o 1 1[0 1 0f0 0 0 0 0 0 |R<-MR2
x3005 [0 0o o 1o 1 oo 1 o010 0[]0 0 1 [R<-R2+1
x3006 {0 0o o 1 ]o o 1[0 o 1[0of[0 0[0 1 1|RI<-RI+R3
2007 o o o 1|1 0 o]1 o ofi]1 i 1 1% ReRe=i
300875 TS (0 Mo ool B0 1 AT T T 10 | BRpxa004
x3009 - [ A7 a0 s o oo i ok, N o i marm
2104 $EHAMIILC-38 ¥
PC RI R2 R4
x3001 0 x x
x3002 0 x 0
x3003 0 x #10
x3004 0 x3107 #10
b) HUME FRIAT4 & 1 4 ATEE R
H6-5 AR AMRRIGI2rh KR
Address Contents Address Contents
x3100 x3107 x310A x0000
x3101 x2819 x310B X0000
x3102 x0110 x310C X0000
x3103 x0310 x310D 0000
x3104 x0110 X310E X0000
x3105 x1110 x310F x0000
x3106 x11B1 x3110 X0000
x3107 x0019 x3111 X0000
x3108 x0007 x3112 X0000
x3109 x0004 x3113 0000

B6-6 {2 PaEx3100~x3113f %0

OREA BRI RZR G R, B, RIOBATENEFIHFRERIFAZE (x3100~x31095k
F), FEAREX0024 (TiF2x8135), BHHEHEE TIR?
EREREAR. HO-SORAIKIES (MAILERIE) BTN, EE, x3003E4#HiT2
J&, R2BJNZERX3107 (fiA&x3100), [EHIERIER0010, A %7 FR2MIZX31008) “HZE"
A Ex31008 “Heht”. FRAVEAIHIRE . FiZGEARIEDI104x3 10000 (TARAR) ¥
AR2, fEBcRIES : HRIETGO010B B 1110, ZJFETRY.
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#O6F

Address
x3000
X3001
x3002
x3003
x3004
x3005
x3006
x3007
x3008
x3009
X300A
x300B
x300C
X300D
X300E
X300F
x3010

15 1413 10 9 $.7.6.5 4 3.2 1 @
0 1 0o 1]o o oJo o ofi1]o 0o o o o [RO<O
0 0 o0 1]o o 0o o o 1o 0o o o 1 |Ro<-RO+1
o 1 0 1o o oo 1]i]o o 0 0.0 |Rico
© 0o 0o 1o o 1Jo o t]Ji]1 1 o 1 1 |RieRI-S
0o 1 o0 1o 1 1]o t 1|1]o o o 0 o0 [Rko0
o 0 0 1o & ifobor|d|o r e 1 o-[Rserski0
0 0 1 01 0 0]0 0 0 0 0 1 0 0 1 |RM[x3010]
0 1 1 0o 1 0]1 0 0Jo 0o 0 0 0 0 |R<MRY
0 0 o 1]o 1 o]0 1 ofoJo oo o 1 |[Re<R2+RI
0 0 0 0]o 1 0o 0 0 0 0 0 1 0 1 |BRzx300F
0 0 0 1|1 0 o1 0 oftJo 0 0 0 1 |RécRs1
0,0 o0 1o n,t]o t ta]1 1 1 1 .ak|R<RI-L
© 1 1 0o 1 0|t 0 0o 0 0 0 0 0 |[R<MR4
0 0o 0 0]o 0 1|t 1 1 1 1 1 0 1 0 |BRpx3008
0 1 o0 1]o o oo o oJtJo 0o 0o 0o o |Rio0
T 1 1 1]o o o0 o0Jo o 1 0 0 1 0 1 |HAT
0 0o 1 1 0 0 01 00 0 0 0 0 0 0 |x300
Q)R MSHIFFFERILC-3RF

PC RI R2 R3 R4

X300D -5 7 9 3101

x300D -5 2 8 3102

Xx300D -5 0 7 3013

b) 1% B 2x300DERER B3 B RO BRIT

67 (AR ERERRIGIIF AR

RIVFFHABFTREBERRE, FRBEFHARIR SIS I8 RN E T /45, HRFS
HARHE, RATRIR0=0, HIWHKRHEX3100~x310AHHBAS,
WA ARET? BRERET—E, KR REX300D, RERERMEE-TOHR.



4% = 15

U T EW A, PC=x300D, Hx310009p9% E#Mitit, R2FEA THIET (x31014
AA), R3=9, RYLEHINHIBARMMIA, RAAZE P TRIEARBIEFTEM AL (B
x3101),
FERIBITEM R, (HARRPC=x300D, R2EAT K32 (x310204%F), RIRVIBHBA
ot AWK
3 ZkPC LA Fix300DAYHHE , R2ZEVEABIARO (x310309M% ), RIFFRIEAF T BB H
WK, ABERIX A HEX3 1030 K0, FBx300CH loadds & ¥ R UPIER T, H—F R
x300DEY R BREL A & A, HNFERR “wuk” T BI/SROBEO (x300E), BAFLHR (x300F),
FRMEL T, ROEX300BH4 (HHEIEMR) F1x300DH 4 (HIHIT % an A 405k Bk
FEIX30084KERMIR) ZIRIEA T —A “HFE™ 54 (x300CHIloadt4). hFloadfig 4 & s &
PERG, X (13 x300DRY K i Bt 4 2 EBKS w R MO TR2F T8, M ARRIFFH, MR
TIRERYJ7 A . BRx300CHE 4, I f5x300DH 4 H ik 4x3007, MIRFFETTER .
Bl6-4 ELFFHE—L,
BRHRAGF A, AR REL B Mbug s —, E6-8RFMESRAE - NMNERTH
WA (BEDAEP RIS T), BAbUERE WEEH) E— A HBBGES “17 dbit,
FHZDIEIZT (word) AL ERIFERIP, MBRAKIA “17 006 (BILEH450),
BERIG ‘=17, fin, mPHAELTHAZEL “0010000000000000, WIEFFLFMRI=13,
AN TTHINZ R “00000000000001007, WIFRFFEE KR 1=2,
BREGSTERNT:
© WAL (BT ), x3000F1x3001 3354 AFRIADRIL, HikSaTmEmE7—
¥, JAND (i%0) JSADD, SERXMRIMBIE, 7, RIBHHALALS, x30026 FER2
FEAXII00NFRINE (HEREMKIE), XERMML “Hikload” 4, EIMx3009%%
AL BRI EX3100,

o BRI, x3003MBRAT R LB B AR A CEN TR ILBR T HNEK), mp
R 1NIBkEE Fx3008 (HIREFFAYEE R AL), WMMRI=15, MRROMIABEE:, RIBI (x3004),
1A T — A E MR Arbit[14],
© EBMB2RMIK, x3005iER2FOE AN, LRAFER2, Fk LXFHFR2E2, REH
THR2NE AL, XL 14N F gt £ 5 Toit[15], (8RBT
A HIWTZEEE A T, RAITEALRINE . AT, Hx30060FT3fbit[14] (BULERDIL[15])
FIAE I, FianfiZeR1, NSk ERFLARARI=14, MRIZHZO0, WALEX3007H)
AT, x3007FEFK M- Bk Ex3004, T MILRE,

o F—&kMIR, WK CIEREFRER A bittMIR, HIRIRL (x3004), #§MTF—/A 8
WAL, R2ZWF LB (x3005), LAFMILHFTHILIIISIAZ (x3006),

DEdRESE, HARATHEIN 17, KEEHUT, ERFSHER. HEMFERRN
REFMIAEAR, ERHEET : ATFEFIL!

FEI6-8bR T AR BRER L A, AR E Hx3007, BREFIOFRER: BKRPCEREX3007, TRl
MR ERER]. KPHFEER: RIKL, RRANALRE, bitiE k0, FLBFHEERHA%
ik, EWRIMAFREBEL, 14, 13, 12, 11, 10, 9,8, 7,6, 5, 4,3, 2,1, 0, -1,
=2, -3, -4, MERE.

B R R, RAEHEX3 1007 72 B & X0000, BIiXA-F kA& HEL “17, {8
HFENRF, BOBEE—-NIAARTAEES. BTx31000RA L2840, x3006898k kit
AEEE, FUBRFSRIEANELRFERHE (x3004, x3005, x3006, x3007, x3004, ), T
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11#¥Rx3004 Ex3007HIX B SR —A “387 (loop), EABFEZITREXAK, HLARMIFE
% “FEBROEER” (infinite loop),

RABRERME IR (ERBOHANSTHLERY), ARMEMNLEREEN, —
ABFEARS KA BN THEBRERD, ZEFBE, RMNLARECHMILTHEEY, W
FERNZACHBIBRIM 4. Eiﬁ%&‘JFfﬁVie* SIEE B HLALEE,

Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
w00 [0 1 o 1]o o 1o o 1[1]o o 0 0 o |Rico
x000 [0 0 o0 1]o o 1o o rt]o 1 1 1 1 |RIcRI+Is
%3002 1 0 1 ] [ 1 ofo 0 0 0 0 O 1 0 R2<-M[M[x3009]]
x003 [0 0o 0o o1 o 0o 0 0 00 0 1 0 0 | BRax3008
x004 [0 0 0 1]o o 1o o 1Ji]1 1 1 1 1 |Ri<Ri-1
x005 [0 0 o 1]o 1 oJo 1 ofofo oo 1 o | Re<R24R2
x3006 [0 0 0 o1 0o 0o 0 0 00 0 0 0 1 | BRaX3008
2000 [0 0 o o1 1 1|1 It 1 1 1 1 1 0 0 | BRazpx3004
x008 [1 1 1 1]0 0 00 00 1 0 0 1 0 1 |HAT
x3000 [0 0 1t 1 0 0 01 0000 0 00 0|=x300
DERFHFEINNY 17 WEHLCIRF

pC RI PC RI

x3007 14 x3007 4

X3007 13 x3007 3

x3007 12 x3007 2

x3007 n 3007 1

x3007 10 x3007 0

X3007 9 x3007 -1

x3007 8 X3007 -2

x3007 7 3007 -3

x3007 6 x3007 -4

3007 5

O IO A 300 THRBR A BRI
H6-8 AR EXMIRERFI4HRIHIR
6.3 JME

6.1 . —ATRRAE X HHNER, EETRALSHLRBYEAEELERDBREF?
WRALL, WHEH-AFTF G AX HE WEXL, SEEIH),
LC-3B AR PMEES . MREHHE N HERERE, ROEAS— N RBKTRE. BHE
NMERBE RN R G Wit R
EIBRTJLEER) “machine busy” BIF, fRiRMAX40008E T— 8% (FEEHK0~15),
RIZEH “f” (busy) REMILBERS . FRIZx4001HIMZ & UF RAINTBLHLE EL T
(busy) RE, BENBELFER (idle) RE, RE-ALCIWHBIESRF, RE
x400009M % (RIS FousyIHLEBRS) & Ex4001H9% B,

Bidn, ISR AT 2 $1x40008 A Hx0005, x4001FINZ Hx3101, TIBFHATZ
Ja. x4001R9 M2 REIZAE Ax3121 (#75: LC-3 AR HLOREIE, 1RFE M HANDRINOTHY)

6.

o

6.

@



% k4 17

A A #IELTHOREIE).

RE—ALC-38KF, HWHERIMR2MAEIHIZERO, MERI=R2, MRO=0, MRRI>R2, A

RO=1, #mAERI<R2, WRO=—1,

6.5 THEMFNFEFEB—NELF, K47 88 x 3=88+88+885 34343443,

6.6 ETIIM6IMOAMER, SN HEARNHNTERORERF, HHLERRFER, £
ZEER R G WL R, NAERRE BEMRAE (HR7. BTN “&RE", $%386.5

6.

ES

HItig).
6.7 BAELATLC-30H, i§RIERFMES R4
x3001 1110 0000 0000 1100
x3002 1110 0010 0001 0000
x3003 0101 0100 1010 0000
x3004 0010 0100 0001 0011
x3005 0110 ono 0000 0000
x3006 0110 1000 0100 0000
x3007 0001 0110 1100 0100
x3008 o111 0110 0000 0000
x3009 0001 0000 0010 0001
Xx300A 0001 0010 o110 0001
x300B 0001 0100 1011 1
x300C 0000 0011 111 1000
x300D un 0000 0010 0101
x300E 0000 0000 0000 0101
x300F 0000 0000 0000 0100
x3010 0000 0000 0000 o011
x3011 0000 0000 0000 0110
x3012 0000 0000 0000 0010
x3013 0000 0000 0000 0100
x3014 0000 0000 0000 out
x3015 0000 0000 0000 0110
x3016 0000 0000 0000 1000
x3017 0000 0000 0000 o1
x3018 0000 0000 0000 0101

6.8 6.14VMFHHLIRFS, Hit4A—ZEMBILR2? HROIGE, WMBRRITHR2—0RIXIT
R, %R FATRES i 4 I
6.9 RFEHLH, 5—ALCIBF, ERELERIONZER,
6.10 RFAKMLEH, S—ALCIBNF, HWFERERFHKELTR “FH" (0dd),
6.11 B—ALC3EFF, HibhtABIMAEB Y MMBTANFRTHNAML. RIZXLRFETRIRN
BEEMBAAE BRI, Tiat ATIBAIL G ik (A 2 51 Mx3100F1x3101 1 77 B TE 2%
A (R BROHFRAEEIAEHR).
6.12 a. B5—AvechofdfF, B EMMAMFTHERIEFE L, BURAHREMASDTER, 1
BFD R FARGHERE L,
b aly @Y R— T, GREB—T (WAR—AFH). Fiam, FAAMA “The quick
brown fox jumps over the lazy dog.”, WIRF—E%H (ER7M), HHA HARE
f# (Enterflt, ASCIIS%x0A), A ##f7—dtbiiiti,
6.13 EAudE RIAN B HARMRIEATLUKI A SO LB U RIE, Fldn, “HHR0011H S
HE, HERHO010 (ANSHFAEBIEL). ERA AR IEMNTR M RIS, Bit—4
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LC-38JF, #x31000MAHBIL,
6.14 ik FHEALEIE SR

%3000 0101 0100 1010 0000
%3001 0001 0010 0111 1111
%3002 0001 0010 0111 1111
%3003 0001 0010 o111 1111
x3004 0000 1000 0000 0010
%3005 0001 0100 1010 0001
%3006 0000 1111 1111 1010
%3007 1111 0000 0010 0101

1) RIS £ DHRHE, A REER2AYRAIAH3?

6.15 T&HBTARXI0I0BFMITZAT (before) FafiTZE (after) MNTEMAFHFBNEEML.
YRAOIE S5 R FIMTFEBEX3010R R 4 oAt 2k 4 (TREE, DATRYREBZ LUK H %4 R
ft4, BiLL “HO+HE ") 7

Before (:Zif) After (2)7)
RO: x3208 x3208
RI: x2d7¢ x2d7¢
R2: xe373 xe373
R3: x2053 x2053
R4: x33ff X33
RS: x3f1f x3f1f
R6: xf4a2 xf4a2
RT: %5220 x5220
X3400: x3001 X3001
x3401: x7a00 x7a00
x3402: x7a2b x7a2b
x3403: xa700 xa700
X3404: xf011 xfO11
x3405: X2003 x2003
x3406: x31ba xe373
x3407: xc100 xc100
x3408: xefef xefef

6.16  Aitx3000~x3006 2 [l 7 B T —BRLC-3B/F. BFMx30005F dbhdt. HAIFERITRLE B
BRIERMARMBTA I, KELUTHFIIE, ROFXDFFILS “BREIER,
MAR Trace

x3000
x3005
X3001
x3002
x3006
x4001
x3003
x0021
TFRETARATE3000~x30060I A% . (RIVEES RILFERFHIZHE (05K1), £a bl

HIMARBRERICF A 8.
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x3000 ofo 1 0 0 0 0

x3001 ofofJof|1]|ofjoflo]o|o]o]1 oo oo
x3002 1jo|1|1]o]ojo

x3003

x3004 tf1r 1|1 jofojojojo]o}1 oo 1o |1
x3005 oflojJojojojofojojo]o]1 1{oflo]ofo
X3006

6.17 FRERHRTXI2I00LC-345 A FERIT ZAIMMIT 2 RN RIFHF B A ERL. R
52 HBIFRAEI2I0MIES R4 GER, UTHEBRUMNIHIZES R4,
FREL “HRO+HRED”) 2

Before (27if) After (2J&)
XFFID XFFID
x301C x301C
x2F11 x2F11
x5321 x5321
x331F x331F
xIF22 xIF22
XO1FF XO1FF
X341F x3211
X3210 X3220
0 0

1 1

0 0

6.18 LC-3MARHERENRS . BFALAS A REA RLARERIE, SUHKRWHS “ER
H BREFEORES W, ER: LCIBFMx3000FFghsT, BBRM AL TFx4000, R L
Fxa001, BFFIKFEXS000, REAFIHKAEXS001,

6.19 HIRIAZE—AHE (message) ME (MARBHAHGR). HERHE—BASCIF
TR, B ASCUFHEE—NERTT (Abit(15:8]48H40) « FBRESM (RIS
BT ZARESAHAR, WARKEIF), Bi%Fr e sy £x0000,

—AME A B TIRMEEB TR AR Mx4000FF 84, WEAFHEM, R
JEFFMAEXSO00FF AR A . Bldm, TRIRx000FFSAHINAR “Mart”, RIMEJEHMAE
X50009 YA FTi%& “Qeyy”. {BR, /RIS EIMbug, MHEMFHFTLAME,

0000 0000 1010

X3000 1110

x3001 0010 0010 0000 1010
x3002 o110 0100 0000 0000
%3003 0000 0100 0000 0101
x3004 0001 0100 1010 0101
x3005 o1 0100 0100 0000
x3006 0001 0000 0010 0001
x3007 0001 0010 0110 0001
X3008 N 0000 1001 1t 1001
x3009 0110 0100 0100 0000
x300A i} 0000 0010 0101
x300B 0100 0000 0000 0000
x300C o101 0000 0000 0000

6.20 EMIE6.18, WHEY RA “FAEK", AL “EEX",



F7E LCRwIBES

TR R EMOMIALHA T, FAREICH0001EADD, 1001RENOT, %%, MER
MRERE—FHFSLHR (MARIGMUMET) KARAFORAL, REIFLERIEB? KiFHR
FRRNVE AR —HE BB HRRRRIES (MAFEILEREDOURFRIOEL) . F49,
BIND EREFANBEE—FES,

AERNTHNMBICGIES (assembly language), BATTLIFEEAAR Lk AFRRIE FEH
Pz —.

71 LCHRESHRE—EL—F

IR A 17655 | BEf B -6 PR B0 B RS A1 . WA 23 B R4, BATUE BRI
&7 (mechanical language, 5 HRIEFMEL, BABRIMR). X MHLBRIES TLARLIRMERSTE
BHEMFEHENAHLEES, BOFE, R -PRFINERESEFE AL T
FEHUISARIE L, BARLZBFRAM “XXXIHAHLMIHLEIES" (machine language) HERY,

(BN SRS, ROVATLALLMLIE S B AL, SRIES LTI AR%M (high-
level) FUEZRAI (low-level) B, ##%iEZHMC, C++, Java, Fortran, COBOL, Pascal%, #)
A TR, ENOES LT (BRL) BE T HRESHIEOEE (LIRIE). ZBRE,
—B{R¥E T EHACHPascal, FortraniE A —FHELH (ISA) REEF, B2, HH—
HISARERFNR KRN,

MRIEH REORFERBSTZA, LIUEHMERFEISANSESHRORD, B,
BREEFN—-FENZEBMELL FBESTHS. XTHEES, RIOHEFURNHCES,
EH12~19%, FRENMCIEDRER HHLC-3 R4 RV ZAMMH X R, B, FRATRES
STEMYHERY L ATHE — A

BEABTREMBEEARHICHKIES, CRESRTRRES. £8, FEREHER
EEN- MRS MEEFH—MOFHEME, MR, SRTHIESERNME TISARH—MHES.
BWREEEHE ISALXM", WMEREIETWE “ISAHXN". 3Kk, X FHEMISA, BE
REfE—Fot LML RIE S .

CHREFOEMZATIERBLBREMET MLLESENMBOBIEY), BERE TN
BIEFREEMATEHESD. HARME, RNAHFHFEICHELRL 00012 ARME™", “1001
R LRI, LUK “PFFEITT00111111000010107F 5 T H 2ME" XHEMMRAIHA, EiLHE
FHh, BRALRAGE “B)Zf” (mnemonic) KA KF RADDHINOTZ KAMIER, i 7EibiL
MI# 2K AUISUM, PRODUCT 2R “H 54" (symbolic name) Fi#ft, ®AHES, SUMA
PRODUCT Z [EI#9[X 53 ZEELO011--010F1001 1+ 101 Z IAIHIIE 53 5 B, ELIHMi1B % . RATFRIXFidr £
FHAh “BSiHhit” (symbolic address),

BB (NFUEFR), SRIEE (WCEF) HESRBIEENKL, ERMN b
REIHFEIMBEGR (BAERRIES S, BALOAH ERE SISAHEGEHES).

7.2 —MUHEF
Rl — BRI TFALC-3IL SRR, M- 1B FR B R AR I TE
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NUMBER#Y$ 5 RLAG, KB %R HNUMBERX AN SR oK. fBi%, #HAENUMBERE
BHR123, MIZBRLI6HITAE T 123+123+123+123+123+123,

ZRFAS214T, ROESBTREUFHRMT S (FRFHREATSH, HELAEAY
T iRRRE 2 R, KRB .

o1 ;

02 ; Program to multiply an integer by the constant 6
03 ; Before execution, an integer must be stored in NUMBER.
04

05 ORIG  x3050

06 o R1,SIX

07 Lo R2, NUMBER

08 D R3,R3, #0 ; Clear R3. Tt will

09 ; contain the product.

OA ; The inner loop

oC AGAIN  ADD R3,R3,R2

op ADD R1,RL, #-1 i Rl keeps track of
oE BRp AGAIN i the iterations
oF

10 HALT

12 NUMBER .BLKW 1
13 sIx FILL  x0006

15 e

E7-1 — LR FREG

R, FIOTMEFAR 7, ZIRWXKETREAGA (MARIE) Mikm, X5 &

BT . ATTICSES (06, 07, 08, 0C, 0D, OE, 10) R4 ¥EIERLC-3HLEIRLM, MK

EHEETE, HafT (05, 12, 13, 15) Z4HE (pseudo-ops), REF R EAMERT

(BNCH%B) MEE, ATRAHHBMIFIR, ¥ TLAES, ZMFRTFERE “Ces”
(assembler), BiFidBMEHM “T4%" (assembly),

721 #HS

E5H B4 (4LC-3 ISARI6HI0/1FF) RREIME, CHIEFHAMBREHEIT B, 0
TFHUR:

LABEL OPCODE  OPERANDS  ; COMMENTS

$d, LABELFICOMMENTSH AN B R 7T,

L. A B fo BAE 8

E—NCSIEARIFIA B, #IEFM (OPCODE) Fui#fE3 (OPERAND) Bi&isy R4 Mi
(mandatory), —AME4LAABRIERD (fft 234 REBAR (BRENMR). X—ANIER
KRR, BSEMLC3 ISAHLEHES LR ML,

33, OPCODEgtZ&MMLC-354M— M54 (RFFHERM, MARY/1ERTH),
U B ROR 5 EIfL, MADD, AND, LDREE0001, 0101, 0110E%BI2fL, ES-3 (LAk
FA-2) 3% TLC-34§4%15/~OPCODE,

HERAS B RR T REMBRIE, BlmADDIES (F0CHT) B/EIN RIS (FAHMABE
WIE, INFFIRESREEIRIER) . B XN RIS AR RIS rhhriR sk

AGAIN  ADD  R3,R3R2

FAEBR2FIRI B VAT IRIR IS, SRWFMERIFAH P, RAITARO, R1, ~RTAKS
22N
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LDk4 (50747) TEMMRES WRABARFERNE IR RIZEARI S 2E) . TERTH
HIBIFoh, RS E AR5 RFORATEhE. BiAn, AFIsRINUMBERSZ RENTFILARS

1D Rz, NUMBER

BAHES. oW A, RIERMBBATLOR B8, NFERERKRERS L), &
FHESRERHAT, FHEBOHRTFRERN (WFOCTHAR2ARI) ; ERFRIERHAT,
WA HE R B FR AT SH (MOT{7RINUMBERFIO6ITHISIX) » LESIRISRER LR F,
HBEW R R F R K (A08FTRIMIHO) .

AND R3, R3, #0 ; Clear R3. It will contain the product

SCENBEPRIATTRE T XS M, EBRIARE “#” REFEH (Hibase=10), “x” RF+A
i, “b” REZHH. AR, MERARATFLI SN U, M3F0A (E—E&ANN
AR, RE M, RATERILESRIFOA, FHARHEN & HBL - X#, 01000, x1000%H
FA-i %4096, ib1000M| T +EHI%8, #10000 fe 13 HI% 1000,

2. 4%

#%5 (label) RIFHNFRTH—NHSL, ETLUERFRESZIMR, LC3LRESS,
— MRS TURE 20 FF (MASRASHFRRYF), BEFHFLARTE. NOW,
Under21, R2D2, C3PO%HIEA MRS HIF.

B A 515 P B T W LA R

(1) ZBTHPFRIES, HRTHAL RS 41 Bi: (M0CITHIAGAIN),

(2) ZBITHINE Rloadstoreit &P MYMIE (4n1247HINUMBERFI1347HISIX),

FRIAAGAINBBKFEHE 4 RN BI T, ANOEATATR -

BRp  AGAIN

R ZHRIADD RLRI#-1MBRERRES (PR EL), MIBkHITABEEHAGAIN
BRITEMME, T —RERFF L.

FRiNUMBER #iload$ 4> 5| I Bl 70747 7R, BIFE MZENUMBERGS 0 3 i 4.8 O M (8 e
FAR2HHE,

IR—ANTFETART BT, WRASED KRS .

3. 5%

EfF (comment) RAPLMMEAMIKMIEE. RTIEH, ZEELFLHMEFOHELHE
(#K ELC3ILRRRARALRXER L) ERFFENWESS () BF, £—Fed, o
EBRERTHY ELEMABHRIER, SENABARCREZE, MEBFT % —
MEEFHRS S, WBTHEM, Wy SRRE—FKEL2ZE, NS ZENNARZN,

PR B R R, BRI — R R — AR A A RADMIERR. a08FN094T Y
TR “Clear R3; it will contain the product” #iFikHHIR . FSITHIIEA B AHRESHEMIBLILE
e, BIHRIFEE. B, M—EFAKE, f/RIE% “AND R3,R3#0” X &4 MMM
4 BRFEE, EXTR T30000fTRBZE, th/ibsRTLBIE TXARSHLDAR (4
it ETFIORMBERE, BRIER X SR ASOERN) . SHTRMITRE, HERXMRRE
RESEAAFT, WA =MMHEES/FRILRF. MRIES DS T —PAKRH IR XA R
BIA, ABLTEBEA A By T 3B FF AR

EA—ROE, “TEMAERE . ERREONIZEERN F8NT, AR NS LE
KOER, FHMEOREEED: —REARREE, SR EEMERSHETY “HE"
WIS, ILBFEARAEE, fid, FODITHIER “Decrement R1” RRBFEIE, BRA
RUEMLIESFHEL . EAAMNEEL, RO EREEREL,
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RO S A AR, FMORE—THBMIEHMER, REERFEMER, 5TER.
i, X RAOEARERFNE R A BRI R, REBFHTIEE. EAXOHES
SAUED (BN —i2 LAEJEPA— A ERA) SELRHER, Bilanik FETOBAIOFMIER, bR §0C~0ER)
RIGB SR FHAbERS X 23 FF K, WOBFIOESTH, BRT —4 5 S K.

FLERIMIZEHEIR T RFI R R & THMMFEM 25 (g4, ERMIIXF, SRDH
BRIRRAIATI ), I3 I AR B AT T ab B

722 {oiRiE

LC3CGAm#S A S R —NRF, AP BRI -IRF: BMARTRTW AR
F(FLC3LHIESMEN), MM RALC-3ICHAFHMIELR (AILC-3 ISAHLE ).
Heb, LC3CGBAFHRIMHIE (pseudo-ops) FIsRRHZMIFiT REMENEM.

HE b, HREH AN EIRENAFR “CHIES" (assembler directive), EHIZFTLAMHR
HhthiE, RER: BNFRE WBIENTH) BFFOEMBE, REREFRTHENL
A= AE MR IR, HERETIABRRADREF ASRAILRABONE, ATHESLCEROCHR
. YICHBBRIELHBE, REXEHBIERTF. LCITHBAASHHRAE: ORIG.,
FILL., BLKW, STRINGZ, END, FF#iA% " Rk f— /1 hifk.

1. ORIG

ORIGHFIL S HLC3BFMAENTFHIH LR, aF054TH “.ORIG x3050" £if “M
x30507F44”, F LD R1SIXHF4 5t 8 B 7F Huhkx30504b

2. FILL

FILLERICHB IS (5H) T— ik, HEEMBE (nRER) . m¥ 1367, HEp
BALC3BFRIBINBIT, HBITHALEI A HIEX0006,

3. BLKW

BLKWERC B ER RS, FhL A—ESMaE2TE (B “a BLocK of Word”), A
PR % B . BLKW Dh iR fERRIE S, a3 1265 HRiC R8s 5 ISR (RIS,
%% A3 #ibRIH HNUMBER ) ,

BLKWHBIE A TR ATEN S & . Glan, WAFRRISEA$ TR AR R R AR,
T A A E RIS TR A Rl , AP4 ERT  RRIZS ARk 7T LASF S35 BLKWK i o5

4. STRINGZ

STRINGZEFIC 4438 5% 4 MR IEn+ I N ATEROT, K% (SR ERFESHR
KHInAN T, 1A PIFEB TTRIRT A FHIPNZ 53 SR +FF 5B 0 L FFRIASCIIIB I B & (zero-
extend) {i, WTFHIRIE—AFUBALEILA0, B/ HIE A7 FFx0000 ¥ AHASCIE+FF H )4k
ARG T W RALE],

B, T RAGH B

LORIG *3010
HELLO .STRINGZ ‘"Hello, World!"

GBI G NTFx3010~x301DFIEAIL A I THE :

x3010: x0048
X3011: x0065
x3012: X006C
x3013: x006C
x3014: X006F
x3015: x002C
x3016: x0020
x3017: x0057
x3018: X006F

x3019: x0072
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x006C
: x0064
x301C: x0021
x301D: %0000
5. END

END&IFICH% “BFLKT . HHEENDZFHEMTHBERTCHBER. &
#: ENDHAREILRFMHHIIGT. FX b, BEOEFHTEHREREND, ERE—/
B (FTRBEFERT).

723 BIF. FREGIHEF

THEENPEE - TEAOGTF. (RS SHHRENE, NE—RE, NREFA—NT
B, G — A RS, KRR, BB RRREARS, Ee1Yih, Rl
AT EREE - EE ARG RE SRS, ARERMES-1650RIKERR, FXE, %6
ARG —F R AE6-3e R E, &K LMES-168—#M, 25, REXKRERESRER.
{EXRERFA AL T, EAXKEALCILRIES CRARES . LBFMEAT-2HR,

on
02 ; Program to count occurrences of a character in a file

03 ; Character to be input from the keyboar

04 ; Result to be displayed on the monitor

05 ; Program works only if no more than 9 occurrences are found
06

07

08 ; Initialization

09

oA LORIG  x3000

o8 AND  R2,R2,#0 i R2 is counter, initialize to 0
oc D R3, PTR ; R3 is pointer to characters
oo TRAP x23 i RO gets character input

oE LR R1,R3,#0 i Rl gets the next character
oF

10 est character for end of file

1

13 TEST  ADD R4,R1 #-4 ; Test for BOT

14 BRz ouTPUT i If done, prepare the output
5

16 ; Test character for match. If a match, increment count
7

18 NOT  R1,R1

15 ADD  RI,R1,RO : It match, Rl = XFFFF

1 NoT  R1,R1 i If match, R1 = x0000

18 BRnp  GETCHAR i 1f no match, do not increment
1c ADD  R2,R2,#1

m

1E  ; Get next character from the file

FE

20 GETCHAR ADD  R3,R3,#1 i Increment the pointer

21 LOR R1,R3, 40 i Rl gets the next character to test
22 BRnzp  TEST

23

24 ; output the count.

25

26 oureur LD RO, ASCIT ; Load the ASCIT template

27 ADD  RO,RO,R2 i Convert binary to ASCIT

28 TRAP  x21 i ASCII code in RO is displayed
25 TRAP  x25 ; Halt machine

N

28 ; Storage for pointer and ASCII template

2

2D ASCII  LFILL  x0030

26 PTR FILL %4000

2F )

H7-2 FREHRICRERRF
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FEML, FHEA B

EXANBFY, kil RERS ARG RIERERS, ATRAPHES HRX, TRAP x232
R AR A I IEROF S F (BODFT) & TRAP x2LEHFROFIEHIASCI R RAEFHE
E (328f7) & TRAP x25RAFHLIRME (352947). HRTRAPHA M TIENE, WAERALIR
HRFF L,

HKASCIIG, $F0~9 (0000~1001) Hy*fFZASCIGEX30~x39, FFLAENIM ZHHEASCI
WOREHR I IETR I 8, BRI ANS0HN AT, H2DFTAIARIR “ASCIL” $EEMNTFRTA, I
BRXA “x00307,

B EEN T RO AL B R x4000 (B2EFT). BH ., X/ RABIERFHBX BT
HRRFF BBV, BARASZEANRIFRCRA RN (N R R, R
AR RTET AR,

7.3 LH&EE

7.3.1

—ALC-3UMBAF AR EENST, ELAMMIERIEIET G, AREHEIRBIHRST.
FrIBPLEE A S RARAR, MEFMHERESMRLC3 ISARRN (HARICHESHER). X1
FIEES R BICRBE TR,

BIRHRERR TRRMIL SRR, BEITHEENHS, BE 9 ZLABTRME
Ttk BLRKIL 4% aliflid Web THAREL. IC4RBAEITH A Rassemble, BHZ—RICHRAER
X, i, ARICHEARsolutionlasm, WIHAT A4

assemble solutionl.asm outfile

AR X froutfile, BI—/LC-3 ISAMKRAINLIIE SRR H:

7.3.2 WEAR

AHNBLABOTIERE, DACRESENRESORFLE. ROUBT-20CHERF
EHEABELBIBA

WRIZEIEH, ILHRIE S RS MBIF RN B IE SIS ZARFE “——XF" XRM,
HR L, EERENAFIRREE @R TLIEREE. TEUART-2M0BFH0, THRETLA
BHE0I-09FTEF, BAHEMRRER (MARHES), REUARZY (MRENGTH), HWiE
ARKVELER. T, CREBELAT, ATR—ITHRE, EERCAS “NREFH
Mx3000FF 441047, HEEEOBIT, XANANDIRS, RASME. TRRENMWIFHAFANE

'
E{UODD: 0101010010100000

B, MLC-3CHMBIFMETIET — KIS (0CFT) Zit, HBEHBT! MFiCMmE LAEM
FSPTRYESE, CRBFET, WiFdBHL,

T RGGEAIE, CR B A B CRESBENLFR (WIFEE.END) $E—i,
HRIRTES RS B RMESTFS 4 (WPTR) BrXf R0t Hllbhl, HIBAZHiA RS SHhat>
RIS R, RATFRX GBS S “HFA".

B2, WREHNHESSNE, BUERRTSROLE, LIRATFHFALRESBER
PRRCAIOL IR £ R0
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1D R3,PTR
W, CRBEFEZEER BEIR) -, FRBHECHT (WMTHR) M
BT H LB OHEPTRAXI0IBZ RIMIMH X R (ENE M RAHSRT), FLlZESERTE
23]
x3001: 0010011000010001

BAIER, ZAT “ERWEPTRIGA” AR, Bt PR T MR T
7.3.3 #A: QRFSR

HERHTES, TERRFSAMI6-bitipht 7 MM —IKMF R, RIAMER T ERESL
WRME RS, HBKESURSMRIANF Y RIS, FHFIEFARRRT S RAH A KAt
PRI R L ¥ SRR A RN 484 (loadsstore) 483, ENE2RBEFIA M H R
bk, ELRBABRFREIAFAL.

BiEl, ABRBAFEHR, FTA ORI B FE X Mat, BIAE P
SRIRARRAINTESIH (H54A DA MR B THNE ), B B NTRI R Sk BLEE BB AL

ZHTH “OHERIE” MrEBh, BAMEHHRIESR4 ORIGA.ENDR & T AR RIGMTEE, @72
WICRBF Ak, EE74 6, RIBDHFHEE S MBI RBEBOBFNR, -1 BF
HENMRBEBRIETR, HhEAH4% B M ORIGH.END, 5 BIHMariCH,

FLERRIAEREDT

(1) ¥4, EHEEF0I-09THIER,

(2) ZJ5, BEBBIMRIZR—1 ORIGH#IE (RILHES), MPOAFHIR., CEKEL
EHHRERFOE— &S, AXEMNS R MORIGEMFIR, R, RIGERAT 4
HEBRBRHHBBLC (Location Counter), LCHI#IEA{E t.ORIGH &, ZEILAN%x3000,

(3) BATRMH—FARKIES, LCHR (1), MRILIESITABEE “FRIR” T8, W
ARG S RN TS, Hib{E), Kb E R RLCH KB YATAA.

(4) BRI T—17454 (3), HF.END,

I HBARRAR RS TRE 1347, MTERRFTHB IS RS, BILCUATAZEX3004,

B A ORI RITRE K
Symbol Address
TEST x3004
FBEFRIAFAEA EH2017, HILCHZ E 3R Hx300B, HifiGIRMETARAY:
symbol Address
GETCHAR x300B
BLREHSRLE, HERBEMHZENEN:
Symbol Address
TEST x3004
GETCHAR x300B
ourpUT X300E
ASCII x3012
PTR %3013

7.34 W2 EHRNBIEEF
BURE RS CRERE, ARLEKkA T HFERNNEY, EXREEE, 81
HRIRS T (MARERTRORIER) HHRMER—HLBHS.
FRREHE R R TR <
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(1) H01~09fT BRI HREEFR (HAENRER).

(2) SOAFTR H#R1E.ORIG, HTLCH AL HAX3000,

(3) Bf5, CHBHEOBITHA AL 4£0101010010100000,

(4) BEBEOCIT, XKFOCITHMFIET, FAHTECHMPTRII stk %x3013, mTF &
LD#E4, FiLANLE 4 FRIREG TE 50010, BEIZFFE TR (R3) HEH011, PCoffsetF B
WIFTEFHM S, CRPTRY Y ek x3013 B 24 A4 BPCIELC+1FR (BI1x3002), i TPTRHeAL{E
(x3013) SFHMBRPC (x3002) FFSH RIGPCoffsetlt 2F, BHifi% A KAHEHPCoffset F BN %
Shx0011, HFiTEebEE, x3001/FIHL2%454F0010011000010001, RIRLCE ZhH & 4x3002,

HER, LDIR4 S R@ IRt (HIPTR) FREARHLDIGA Fife i BA9+2568 255, #fy
&S, aRPTRAVHMAL K FLC+142568/hFLC+1-255, NIi%{RFBIERAA N T4 bit[8:01F B BT
REFORRITEE. M, MRIMERHRAT, CRBLH R, HFHLIECETR, TBOL,
A Bip PTRAILDH 4 0 IR EE B R IE ,  FLAZ 464 IRE 4%

BifE, SRSEF2E RN, AEfE—SLOME (1), RN, LEHKEQORAEEA SR
BRWRPARE (£ FILLFFRT).

HFEND, B2EHfiS¥. BFE0RERFmET-35R:

Address Binary
0011000000000000
x3000 0101010010100000
x3001 0010011000010001
%3002 1111000000100011
x3003 0110001011000000
x3004 0001100001111100
x3005 0000010000001000
x3006 1001001001111111
x3007 0001001001000000
x3008 1001001001111111
%3009 0000101000000001
X300A 0001010010100001
x300B 0001011011100001
x300C 0110001011000000
x300D 0000111111110110
x300E 001000000000001 1
X300F 0001000000000010
x3010 1111000000100001
x3011 1111000000100101
x3012 0000000000110000
x3013 0100000000000000

E7-3 E7-20ICRE R RAHLE 5 AR

{BR, BEECHRIFOERT, SMLBLBLEEMBNN, FEHR, RIVIAEE
FHBREXER, AALCICRBBTREMAREZRINMESN. HTLCICHIES, HRT
BPHRSHRONBETRET, MATCASBERF, XELTEHNSIELR, ROER, R
fIALC-3CGIE S SR, REILLC-3IC MBI BT RHLEIE ZIRAR . TLAELC-3H B Lh
IR,
7.4 BXHI]

FRMHBIMISAR R EXBHT B, BCRIES, RAZERCRCH+SHRIEETER
T, B#FEKL, ROBACHETCEXRT AV, R, ROEMET k0% IE BRI
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HIESEFBIERLC3 ISANLEIE SR REML R,

1R, FEHARBRAHRCHESHBRTOESHRBEAR. EFEP, ARTHESHL
HARBRILEARMEY, fiR T BIR AR —E,

THE, BT SCRESHROKBERNEE -8R,

7.4.1 THITRIR

L EIIFERFRMATH, BATEAE (entity) XM “THRARMR” (executable image),
T PATRRE ¥ R B AR IR ST OB S A — BT AR, T X SRl R AR BT
RAHHHEM. B4, BROCKLLCICHE, £T —RICRESRFOBIELIR, HE, Kit
B ARERACIEEMEN, BEMBCHER (compiler) FRETHMELR, Bob, XLohibh
o, HERHAAREE, TARIIKEREAGIOBRF (library routine) ,

B SRR 20, R—AHIH BERCH (AR B S BN BISARRIIES RIH
KEAR), BERE SRR B AR R — A ATRATIR A, ARG, Kb
%4 X #i45 HFETCH, DECODE, -S54 /M. XptR N MRS S BIHL3IE & Rk 4 M
:)=3/3" {8

742 ZEKRXH

ARTATR B W — A AT RATRIR B B (RBAR) TH4R. FLbmk, KERNE
A AR AR AR LA R R R SRR AR S OB O, bR, RIFRYAT B ATRE
RRBEN BRI (FAREA BER3tE) DEEmRA.

FHE, BOBUFHRGERFLE (G —A e A BN KRE) . Rig—4 8
FABRFHZRFEAIRRZ—, T XHERARIERIES MR, B4, IHEORHbIE
(47200247 HT7R) FEMRFAREA— N RMIE, G, RAVEE2ET RIS R TFHR:

PTR .FILL STARTOfFILE

EEREET- 2B LSBT, BHYSSTARTOFILER KA (% Ll a5 4 R
HERPBACHX PR, ELHER?

oI ER, MRLC-3CHIEEH & M EXTERNALM ORI, WRINTLARAS
STARTOfFILEF Bl ik KA S, ERMEFBF (ABih) o, RARBETSHBAER, B
HRMT:

. EXTERNAL STARTOFILE,

EEBRTRBOEERE, WRTELH I F R X ASTARTOFFILEMI M Bt AL X 8, TR
REBE R MBRMIR, EHIZFSHMAL TR S — 1 SME (external) HIBLEE LT, MMwiEil,
FAMERLC-3IL 428 R U T (4481484 “ EXTERNAL”, #STARTOfFILEF % EXTERNAL %
B, RULCICHBER KBS, KIEFS R HSTARTFILEGIE A SRS, (HE
HIHEFRESHA R, TR — MRS (GEEHSHB—THRER) + ERERR
(link time) EIFFA B &I 20, B2 (Linker) H5i By 1B R (LAISTARTOFILER 5 %
T, EHEITEETHNE,

# T.EXTERNALYj %, B RFRRELTURRSSINS - TSR ENFS, REH
B TR SR SN T AR,

© EERBEIAMBGBIR AR, TTRBABER, —iFEd
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7.1

n

EY

BE—TCHEFSGRFHEE TUTHKES, THBHMIEEHOLDIEE S HIE HiRERN
x3025(7 8. [HCHERERE, x3025SHAERITA?

PLACE  .FILL  x45A7
L R3, PLACE

B CRESRFFLETEMES

ASCIFIF BRIMMINE R X4F08, [AIZELMTLZIE, RIBAFRH4?

ASCII 1D R1, AscIr

IR RAFFHANDIENIRIA (label), KHtAEM? (BT FUREMARH KR
FUREHSRA AR )

WAL TRIDS R GBS E TS ROMA.
LORIG  x301C
st R3, SavE3
st R2, SAVE2
AND R2, R2, #0
TEST  IN
BRz  TEST
ADD R1, RO, #-10
BRn  FINISH
ADD R1, RO, #-15
NoT  R1, R1
BRn  FINISH
HALT
FINISH ADD  R2, R2, #1
HALT

SAVE3  .FILL  X0000
SAVE2  .FILL  X0000

‘EnD
2 WBELATRF, WHENER,
LORIG  x3000
o R2, ZERO
p RO, MO
Iy R1, M1
LoOP  BRz  DONE
ADD  R2, R2, RO
ADD  R1, R1, -1
BR LooR.
DoNE ST R2, RESULT
HALT
RESULT .FILL  x0000
ZERO . .FILL  x0000
Mo PILL  x0004
M1 PILL  x0803
END

b. B4, RESULTHINE R 47
(%) RAMGTCRmBMB T, FEEOWE! HOR-AFSR, HHTEARFFRES
D. E. FME&FLICHMR. RATUBIRIEX M RARITZH, BF B5h— Mg —4

ESORA TEH,
.ORIG %3000
AND RO, RO, #0
b 1 R1, A
AND R2, R1, #1
BRp B
E  ApD R1, R1, #-1
B ADD RO, RO, RL
ADD R1, R1, #-2

F BRp B
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7.

)

79

7.10

7.

I~}

by

sT RO, C
TRAP x25

a .BLKW 1

c BLKW 1
-END

EHAEFISAFH—0i%, WEE LRI BRIFE#RT 4.

RE—-ANLC-3CHBF, SKHROFFEBZNBIETRET LM, HBELERFARL, Fim,
BiEROA M A ZL0001001101110000, MABEFHFTZE, RIBANESE F6
(0000000000000110).,

—ATRMEABKGSH—MEF, SHEF FTERBAM, REERIL0XAI0LHKE—1
Wisi (breakpoint), FEPC=0xA400Rt, M¥BiH #8150, HZTREFHI BN,

Code Segment :

OxA400 THISL LEA RO, THISI

oxat01 THisz 1D R1, THIS2

OxA402 THISI LDI Rz, THISS

0xA403 THIS4 LDR R3, RO, #2

0xA€0 THISS .FILL xA400

RE BRI SRR, FERHONE (AR R).

144 1E ENDIITE (T 29 EMHALTIR 4 Z HEIX B2t 42
TEAEABRPFEE—THIR, HRHERERRE,

ADD R3, R3, #30
sT R3, A
HALT

a JFILL  #0

R EW I GRHE, ERELC3 LBfTMRE, HHRER?

LC-3i 43 23 L AURE B ASCIZIR Y B B BOD MR ERIME . BIan, x2ARBEmPES
00101010, #1248 P 400001100, KRB —MLRIE S BF, HAREEAN SR+
AR (RTReRF ], ATERE A b RSB K, HTEH
Kk (BiH MR, TSR EMORF L),

RIELL T R, IR R R,

.ORIG  x3000
aND RS, R!

5, #0
AND R3, R3, #0
DD R3, R3, #8
LI R1, A
ADD R2, R1, #0
a6 DD R2, R2, R2
ADD R3, R3, #-1
BROP  AC
R4, B
AND R1, R1, R4
NoT R1, R1
ADD R1, R1, #1
ADD R2, R2, Rl
BRop  NO
ADD RS, RS, #1
No HALT
B FILL  xFFOO
A FILL  x4000
END

UATFR G BERBFFRIENTFA, B, CRONARN, HHEERFANE, B2, RiGH
FERA IR, RRHEIR, 9 JWRHBIRAIECRMERIESTM BN H %
Fa .oR1G %3000
2 oNE LD RO, A
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=~
[y

7.1

Y

3 ADD R1, R1, RO
1 ™o LD RO, B
s ADD R1, R1, RO
6 THREE LD RO, C

7 ADD R1, R1, RO
8 ST R1, SUM

9 TRAP  x25
_FILL x0001
.FILL x0002
_FILL x0003
_FILL x0008

=
a LHUTRF (005 HIZR LRI .
LORIG  x3000

ST RO, LABEL

our

cawx

HALT
LABEL  .STRINGZ "t*

“END
b. BUF IR A DTS BoREE R L, RIREHL (halt), (ARUF RIRHE THRAE” (BIEMT
HIRACRIES) o TR b BRI R — MR IERS RO E R RIS
o FUEMIBFF (dna) RUBITET A ERBLER. =B IR LR A IR E —#5 2 hBUF G
RIRERA, 55 TH FRORABERFIT LIZx3000, RERARMAR LN 2
FERY, CABROWTH A RIEHE? .
RIS x4000FF Sy E LN E A PR T — M BEFH, BENNFRTHAR—/ B8, %
FFFIIL RE B x0000, (% TEMBRFF, #RZERFNHORHA?

-ORIG  x3000
LD RO,

NUMBERS
LD R2, MASK
LOOP  LDR R, RO, #0
BRz  DO!
AND RS, R1, R2
BRz Ll
BRnzp NEXT
L1 ADD  RI, R1, Rl
STR  R1, RO, #0
NEXT  ADD RO, RO, #1

BRnzp LOOP
NUMBERS .FILL x4000

MASK .FILL x8000

_END

B x40005F R E SN2 iR i 7 T — AR U BUT T, BLEA WAFRTEIE /A B .
A BHA B TEEZ0~30000 (i), LERBIAR -1, MiETHOBRT, HHiZBF
W B R 42

LORIG  x3000
AND

R4, R4, 0
AND R3, R3, #0
D RO, NUMBERS
Lo0P  LDR R1, RO, #0
NoT R2, Rl
BRz DoN
aND R2, R1, #1
BRz L
D R4, R4, #1
BRnzp  NEXT
11 ADD R3, R3, #1
NEXT  ADD RO, RO, #1

bove TRAP
NUMBERS .FILL  x4000

=
BRIRIRS TR RIE S B, SRR ENELAE—E. Kb, BIRRBE
FATHRIAAGAIN, {Hg A —/A-#itheh 04 T (481 EXTERNAL AGAIN, HRIZER /MBI
W, RN EAPRIRAGAINZ S A RIE? b 42
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718 TEBFIEHEANHEKEGFFE, B—DFRROREMIERX4000, BEZAFHEL
EthL R x4100, PiZHLR STRINGZHK., MR FHHEME, WEFLERHRS=0,
W@, O), OFRTHRS, TRIEETF.

TRIEx40005F A E RN A h A T — D BEOFS], HENWFR TR $5.
BT REARX0000, ik FRMBF, Wi Em Rt A2

Loop

NEXT

DONE  TRAP  x25

FIRST .FILL x4000

SECOND .FILL x4100
END

ﬁlﬂ?iﬁ%&#&ﬁw » RIALOOPRIE 4 K HIT £ Dk ?

7.19
LORIG  x3005
LEA Rz, DATA
LDR R4, R2, #0
LOOP ADD R4, R4, #-3
BRzp P TRAP %25
DATA  .FILL  x0008
‘mo
720 THEMER (a) #1 (b)) HBERFEANMBFASHLCI3CARE, WENBNBRERE
x001SHLAHAEX4000, 1 E1FIH A4 R X SR 27
a
L0RIG  x5000
AND 0, RO, #0
ADD RO, RO, #15
STI RO, PTR
HALT
PTR PILL x4000
‘mnp
b.
LORIG  x4000
JFILL x0015
7.21 CHUTLCICRESRF (SHHLBM).
LORIG  x3000
AND RO, RO, #0
1 R1, MASK
ADD R2, RO, #10
i ®3) PTRL
LOOP LDR R4, R3, #0
AND R, R4, RL
BRzP  NEXT
ADD RO, RO, #1
NEXT ADD  R2, R2, -1
BRp e
STI RO, PTRZ

MASK  .FILL  x8001
PTRL  .FILL  x4000
PTR2  .FILL  x5000

“END
WRBFHERR A (AFSTF204FREER)



i 4% 133

7.22 LC-3iC4#BLAAEHESHIB)IE (mnemonic) MIETDEIFR ZHHHRIEG, BlanB)icklE
WADD R H) ~H#EHIRGE R 50001, 5—ALCICHIEFRAF, RFAPRA—IBZHR
{ERS (4nADD), PR H3E3t B Y HIRDHTENEI R HE L. AnR4@ A RO R R BY IR #R1ERD
W BRI B

7.23 RE—ALC3ICHEF, HIli—AFHERER “EX (palindrome), il “EIX”, #t
RIERSR L REBR I, i, FHH “racecar” BE—AEL, Bi%x4000% 4 T
—/A#Ah STRINGZIF 8, HINHZFHHETREL, MRENRSEEAZE, ik
T, RSEEO, HF(@)~(LMTES, TRETEF.

ORIG  x3000
LD RO

AD!
AGAIN

CoNT
Loop

YES

NO
DONE
PTR

R
b4
el
*
il
&
=3
=
=
i
il
*
=~
a
=
¥
Bt
kS
N
>
£
o
il
b
+
Bt
B
%
®
H
*
EE
E
o
S
i
H

7.2
LORIG x3000
AND  R2, R2, #0
ADD  R2, R2, #4

LOOP BRz  DONE
ADD  R2, R2, #-1
ADD  R3, R3, R3

DONE HALT

7.25 {4#@fE.FILL xFFO04% {4 M@ ? %42
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EHAAE, BITEGRATENGBASLRS, BXHARRETEE, #HR, NHE4
FEARES, RIS DAL RO - ERSBESH— AN EEAREY . FARNGERT -
Hhik, HELENEERATURELRLS, FHHEERUAMNEEREROTERE. Bl
BT £ E RSB E .

Hoh, FEHSTRF], ATLLET TRAPH A R BIERGR AT RBA ST RIE, E5-174
WTERGT, WA (iE0x3002) Fiid (tak0x3010),

AR, RffEEHCERGRTRXEHABBRE. b, MARSERRE, Bk
HEERRE, EERXBMMRENREET, Bk, EORRMALN -R/0ORE (KFBIEHH
AR) ok, B EMENTULT RUORES TR EF I (TIERBA R L EREAHAY).

8.1 BWNHHMEXRS

8.1.1 REHFR

B, ROTTRRAAVOR &AM E—RISMNRKE, wRERRRE. EE, BR—IT10R
HHRORE, ATRBREOBLEE, ROFEMEPLEF AR (device register) T2,
BMERERMIOKE, BELAEHIFESR: —MHARRFEU RN Z W EROKE, 54
FRATLAZEOREGER, W “REREZN” R “BLLEAOOES” %,

8.1.2 AHFMSI/OS5ERIOKS

A RIOR AR ®M, FEVHIEHAIRFFE. BWHNHERAGE, —LHHEN
K GA¥MRD) RAEIMVOKS KR, B “€RIOKS™ HR: B—MhEk (RLHHEN
RERA) RRANFRIEESRTRVORIE, H “RERSIO™ HR.

19654, DECZ R4 “RIPDP-8RRE- -G RM “¥MAIOHA" MilFHL. PDP-8RIE4KIE
S12fir, AR EERRRIEG, mRREDHES110, WFERLESRIOKS, BAIMK
FAFRF SRR,

S5EAVOHAL ML, BHENERENFHESOVOREL R, HMATFBHIYO, fit, mR
load &M BARMEAER — iR &HFR, WERR—RMARS. X, —storedF4HIH bRt
R BEFFE, WERRE SRS,

HFRAF A A SAEDIRRNE S RBIEVO, FLIRENEMIARBNFEE, By
AE—N SRR BRARMFRRER. A, EISARNFBIEZERS, 1105 H—BHbiL,
AT R&EHFFROMRIABS . MOEH, VOREMHFEW vt B Aot (XLeipb sy
RAIOREHHF RN, MARSERANFUER), IFTIBG “AABHI/O” (memory-mapped
10) KR,

Bitn, PDP-11454 SaTHbht 23 R 1662/ (HN2'MHuERTT), Horh, ReA§3624 1116930 5
BATOR S, AIALAR2 it 8 T AAARIRVOR&F A, FITHIST 3444 Hoht BT et
A,
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LC-3RAANFBHFI/OF K, H, 0x0000~0xFDFFEy ik 2 A A THR IR 77,
OxFEOO~OxFFFFI {R B 4 SMIB IR & (. FA3FIH TLCI3C o ReMR&HFFHibat, Hibhit
WL,

8.1.3 RFHIO5EFHIO

FEETT RRSA FHRIE, TTRSKEA - FHM, ETHFHASCIRERBTEA
BEMAFFED. BFCPURITIoadfE I, ff BT iR MM AFIEE, DK IZASCH
IR AT AL,

5CPUMILL, k£ HI/OR&MMEARIEHFIRA. BUAGAL TR 2 A B — REEIE T
300MHz, fRIEALEE 2 T3 Z300MHZAH (B1— Mt h A R A3.30s), CPUSITIoad$i§4
FRIOAMT Bh A, MIALTE 3% MARAF 77 28 I — R MR (R F33ns, (B, 4T BIR0R A BT
IEAFICPURBRBHRAA B, B4 4. BIRGNRIFAN T KEROATH, MREL L= R
EIEE, RETFRBARANEERESR LS (8%31H83) 7

RATATCAE S B4 15 1 07 Bk BN A2 S, Bilgn, Wit —A ARG, HFRZKE30 000 000
AEHEESEIR k. WATF R &5 S U FHRA 100 AR AT, (AR, XMHIRHART, ERIT
FAREE AR RS, X BARAAITHY, FBITF QAR T

ABZE LAWY KBRS RAET OB & FGIR B TR RA BN, BRRITKRI/OKSE
FICPUZEIR A ¥ 4 (asynchronous), ¥ % 5MEFIAERRE Z MM X LRSS SH, MBIMHREIH
MEMBRE, REBEHAT, HEEL—EIHIREF (handshaking) HLAIHR L X
Bl B, EREBMANEIFH, RIORA—ROMREFHFR, HAKES (flag), KR
“REAHOFHBA, ERTBHUOGTF b, ROBEHA - EbieREFFE, RERBL
MANFRRECLERERTE k.

KRFES B FE AR HRRR ARG, RARESFHEBFMOHFE4 (Ready bit) ETHE
BE—-FBFNH: TFABRA—FH, ZReadyUB B, MEFXLCESBIENZE, BA
ZhiZReady L%, FiLl, EFKERBAFHZAN, LREMHRELReady(l, MRReadyli
HO, FTRRAFOFHAA, LEBBTHRBMAFER, SURTAFTFHRA, WLEZ
HfTloadds 4, IEAMAFF R PWASCIRIE, B KBTS, RIETITF RAMLER 2R
HR IR 5.

S, MRATT RMA FHOREREEN, ROBE TSR AEM (40430 000 000
AR ER—KWAFER. o, RIVBAFEEReady(L T, HHALEE R#7E30 000 000
AMEARE, BREFFRBA. BTHFRMCPURTEL —BM, AmAEEBINIRLE
B AR, RATRFRITT AL HER & ( )o

8.1.4 mmEH5RH

LBBEMTF RARBANTEMKE. BRENOES T (CRBNESEIGRTF, Wi
TFRAMESRATEIBAKIE), BRENZABARERL, ¥ RBANRRELARS
AER AT, REMFEASRRL P H RS (interrupt-driven) Fs g (polling), EfIZME
HORA X SIE TR RIEHHIEARE, LARAFICPUZ AR E A G, R @R EHRE
AR, MIALERE AR E CRISH, LRARIEESN, CREHBRLCES. “WATHDN
ASCIME CHFRTEMAFF B, (RATLUER T1 7 RAFRXFHIMTEHIBIR T H RN “ & 9 B
HYO™ 5 MR LI L B AR B4, WIACEE 8 LA iR, WIAREHFHFENE, AT
Readyfiti BA7 (BIAFAFHMA), TRMBAFES DIRREIR, EXMRLHAT, L8
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BLFREER, BELKZA “#ig7 X107,
7E8.2.27 e, ARG R, 1E8.5% 4, HHild FWiEzHI0L K.

8.2 @REWA

821 BEAGAKFH

Bl HFFABERABUHRNABTEER &0 —REEFES, ARTERRE%
AFFHRIASCIME, —RRESHEH, BIAREMCESKIEOREFNGSE. Kb, FASHHFTLL
iR AREFFRRLA, MBRXY, RARFERNFESE, A RRABRFAS
(KBDR), }-R#&KEFASB (KBSR), HRAFMRA3 o
FIH TixmA- SR Mk, K, KBDR (BiE#HF%) M _:’KBDR
HehtROXFE02, KBSR (R#EZF#2%) HutbhtRZOxFE00,

BAMANKEFFEABEM, TRESFRNEE 15U
i, (BRATERABEN B8R T A 160L/IZH, 4nFE8-1
B, KBDREYHEO~THL LAY fk4R A FFFAIASCIIE, KBSR 81 RAMRAFTSE
M ISHLALAE iR B 158 (Readyfii)

822 BAMANBFEF

KBSR[ISIHytE RIS ® (k) ffes (1) ZAMRZE. XN EREZTH,
%8034 B AIASCIHE 7/ AKBDR[7:0)f [FIi, A H Bk B 4 KBSR[1518 1, 4LC-3i%H
KBDRRf, 4 F 35#ERKBSR[15], KBSR[15]=00k ¥ @& ALIASMA » KBSR[15]=1, Bk
#HERMAFHERUCEEICE, NRATRATRANFHF.

ERWHRT (ALRBIEHIAYO), BFH K LIRBIMIRKBSR151Z, HFEHEHI.
MRE AR EIKBSRIISIH B A7, (08 BRAFKBDR HIASCIHE # N BILC-3 /88— A b3 77
B, MAGE—RATHIHLIZBTRRETIER, XREAHIELC-3iERKBDRE, #ANE
B4 B BHTEBRKBSR(15], TR {U/EKBSR1S]=1MH T, #+ XXMKBDRIAZ. B,
BB —MAATHREE Z AR, XXRIET CRAFHRIREAN. HETR
KBSRIISIRIRIZHLEIRIE T WA FHA LU — R B IERAOHLE

WMTRAFNGELE, 8 AKBDREFEHFMASCIEIEAFBHFFEROT, REKKET—
MES

0
KBSR

01 START LDI R1, A i Test for
02 BRzp  START ; character input

03 o1 RO, B

04 BRnzp NEXT_TASX  ; Go to the next task
o5 A FILL  xFEOD i Address of KBSR

06 B .FILL XFE02 ; Address of KBDR

KBSR[15]=0%77 B ERiZBBRALZIE, ~HRAFNBA. BFOEL, 274 RKBSRI15)f
HOMIRTEER, LD 4-H b akOxFEOOALRI{A AR (OXFEOOZKBSR# 77 8 AR BA #oht) . 0
RKBSR[15]40, WIR/FBESTARTAKSE B, YA ABdr @AR, WiZRAASCUBEEA
KBDR, EKBSRI1SIH B {7, X WOk BB AMHEASITRED, BEiELDIE4 #itat0xFE024E
HINZHARO (OxFEO2RKBDR¥F# &AM MATbAL). TRIERRAMATEZE, BFEL
#4:Bk#% ENEXT_TASK,

823 WEMRHBANMIR
82 R RIONHMA H A T EH. ETHESHONE, RONMEMIBERERR
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load# 4 WEXECUTETT M #13/1 B 4 S B4 -
(1) FEMARH 3 A ERBUNFFRIAL .
(2) BEHWFIE, HHiEHAERFAMDR,
(3) #MDRAZ# I Z A EDR,

GateMDR
16 16
MDR MDR| MAR LD.MAR
RW/
1 16 INPUT
ADDR CONTROL |
16 LOGIC MEMORY [KBSR]
(hHEHEER)

2
MEM.EN, READ

INMUX \+—
H8-2 NHFBRARA
ERTFRH TR T, BEFHFEORASRIAFERIETL—#. ARAFIERI, MAR
REMRAFHEE, TiAFRHEBAMIRREFFERRE. FH, WFERS TR TMDRIEA
WER A IREFFE, NIRRT AAFRT,

8.3 BRHBWIH
8.3.1 BAFWHHFH (DDRFDSR)
ERBRUMBABAGFRAL, ARERFETHS, EAORLNESEBTRES

# %4y JIRDDRADSR (ifii £ # 1k ( AR R KBDRFIKBSR ), 7ELC-3h, DDRFHIDSREYAFERR
Sttt 5> SR OXFEO6FI0XFE04,,

DDRAFEE F8-bit k77 f M #%, DSRIVEZELL, AXFSL, x4 SKBDRHR . {E4%E
I, B34 DDRFIDSRSY H5y 8 T 16(LHIZSIA . Jieh, DDRAY(T:010L A3k H F FFRIASCI
{f, DSRIISHLMARFTMUEFES (Ready fi), E-3FIARERRBMAMANMREHFES,

8.3.2 BEWMHMSEF
DSRIISUAKRFLRE (k) MBRE (&), £ 87 0

Lo FmASCIinS EDDRORS, 27%e N ] oon

%4 HIWRDSRIIS], MIEIFADDRITOIAZILE, 287
BRATABFRGRIZE, KaBFEZREDSROSZ, 1514 \
crrgmsTas T +mums T @oorrzozse NG o
HRT). DSRUSI0, #REAH L7 (busy), HAIBE  HS3 BREBOGEHES
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SFERT—AF ¥, DSRI1S)=1, Wk Br#CxmATETIE, HAZN, LESRTOHMSTT—
AF R .

A0S izse i B O R B RS, WOk W R B E RN MIADSRUSHLIARA . 8 H R R
WBR: Bk, RMDSROSHLRZ R, MmEH1, WAEEBHHFFFAASCIHASADDR[7:0)#,
HBHRERR.

T BRI AROF AT B Bn s £

R1, A

i Test to see if

o1 START  LDI
) BRzp  START i output register is ready
03 STI RO, B

o4 BRnzp  NEXT_TASK

05 A FILL  xPEOZ ; Address of DSR

06 B FILL  XFEO§ ; Address of DDR

RS 2.2 IR S AR FFAE R AL, 1. 2T 0ESFMIKDSRIISHE, AREDSRYE L,
FoR B % DR — KM F R T, 3 14T RILDIE A 4 bk OxFE04AL 1 (3 AR
(OXFEO4 R DSR¥ 17 8 MM TR sbhL ), AnRDSR[15)1%H Bz, BAFBKESTARTEFhIT. B
RBERFIMBZE, #EHBMUDSRIS), WHHERFHBEIFIT. STHIAHROFMASCILE
St FIOXFEO6 it (DDRAIANFFBRAT AL ), [FIRTRE A Be-f4 B BHTEBRDSRI1SIBL, XBERIE T R
ARRBETRYMFRRHZE, FRBUEORE. SlER2RE, BREERTLRES.

8.3.3 MFMAHMHIKE

FB-4FR RN TP AT R E R . 5 2ZAT I IRMAERMA—, RBREEREAT
ViR SRR R R b, AR, BTSRRI,

<

E8-4  NTFBR ST

WRIBESTHLPIMMIA, BAVRE, storetg & WEXECUTEH #4117 FHE3A- SR :

(1) EMARPRAEY S A KA, s

(2) ZEMDRH AR,

(3) BHAFSRIETR (HMDRAASAMARFHEHMAGETT),

WHBS AT, RE&RHORES ERRDAEL. FARMHR, HMMARMAZE RS
el (RARMTFAL), TEHIBBERE (cnable) MRIR%HF BT A AAFFLTT.

B R R AR T NFFBR AR A BE Sy, X R O IR B4 3 R R, B.3.2% 48
9, SADSREIReadyfs B 16, 4ALF /A REFDDRE AFHFH, BRAMME, 24TWiR—ik
BUFMIADSRIISIAE, #NSRMAR=0xFE04 (DSREIPFFBSHHEAE), MIHbALSS $# 8 TC %4 DSRIE
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HMDREHIA , MDRE(E BB ARIF 78I AT,
8.3.4 fIF. @EER

YRR ARHE, BEBDRERA RANFHFREE., 4RA “BE" (echo) Ak,
BAEHET, WHERABERANTR, BUERTE L. TEOWRFRECANRERAME
n’i&fﬁﬁ%ﬁ"ﬁﬁifﬁ.wn, FTLASKBL B BhRE :

START  LDI R1, KBSR  ; Test for character input
o 2p  START
03 11 RO, KBDR
04 BCHO  LDI R1, DSR i Test output register ready
05 BRzp  ECHO
06 sT1 RO, DI
07 BRnzp  NEXT_TASK
08  KBSR  .FILL  xFEOO ; Address of KBSR
09 KBDR FILL  xFEO2 i Address of KBDR
oA Dsr JFILL  xFEO4 ; Address of DS
0B DDR FILL  xFEO§ ; Address of DDR

84 —NESEFNBNEF

w822V MMMA R, EXRFRRFFENSRNMMI—y, FLETHEZRAMEELE,
B, BIE—ABFFEDSRAMARIE, STEHL2E AR PSR RE S (TR Y 12 i 2
TUR? REAE, MAAEERERFETEWMET, KELRRERFRERTHNEEBT.

HTIEAPERFEESF/HAPEA, IFRHTLER RS HTERRER, XBER
XHFERFH. ENZHRERE (BRA%PRC:) REMMBBF (Brh:) FRHM.

B8-S R B, il R AR AR, %0 TS 22 E M. HPaET—
BHURRES, SFAARETUMAERT. THRERMMRDGRE,

(1) $13~1947, 25~-28fTRIRMAK M ILERBRET, XR84T IHFHAFEL
BA.

(2) %1~3, ID~IFf22~24fTHORIAIRGR T XB A3 AF SR, R2, R3, \TFERN
FF AR P EE X H R, RN IO ENEZAT TR T 3, HXS(aa 2aR
W R D EMGEER, S ~3THRMBAFRERFRTA, #HR1, R2, R3HFIRFF
SaveR1, SaveR2, SaveR3Z3NHHHILH (HWHE22-2447, it BLKW HHRIER S RINIFATHR
18), BIFSER2ZIE, Willid % 1D~ P55 %77 SRR 1.,

(3) BITHES5~87T. 0A~1117, 1A~1CFT, LAR2OFASTRIEG, XM FMH MR ER
input a character>, B P ATLBMAERT . $E5~8F71EARFASCURLEOxAKH ERRE.
IZASCIIBR#%E “# A" (newline), K% MATASCURGERR dRHETILH, HR, HLEASCIR R
BIRIRIEHIF R, MO0X0A, ENIMERRSIKE, MOXARITERZEH BRSIER, WS
HEI TR, FLABRZA “BRATH™. LR, HERHHOXA, ZATHFEEMKDSRIIS]. 40
RGO, REATRRE 07, BFSKMER (06M0747), HFIDSRIISIZEAL, BebKHET
WRE (0717), Z/GHO0xAE ADDRF .,

$0A ~ 17T HRRIT “Input a character>” B|RHE. RAF—IISAFH, EHAGR
AR, FAFHE AR, W EEFARIRT “0x0000”, —3tdk HIONATFRTT,

OCFHRREGFEHR MR F A B LKA (0x0000), #REABFILHFF, HEADDREN, HOFfT
REE HE QIR T RIDDRFFH . — LBHLRA, BFstaili 7R, %k
FIFTIAT, FEAPRRARA,

LR PNRERA AT, BEERZEFELER TR EEE (F13~1917), BEHE
WM (B1347) |, BB #T.
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01 START ST RI,SaveRl ; Save registers needed
02 sT R2,SaveR2  ; by this routine

0 sT R3, SaveRr3

04

05 123 R2,Newline

06 L1 o1 R3,DSR

07 BRzp L1 ; Loop until monitor is ready
08 sTI R2,DDR ; Move cursor to new clean line
09

oA LEA  R1,Prompt ; Starting address of prompt string
0B Loop LDR  RO,R1,#0  ; Write the input prompt

oc BRZ Input ; End of prompt string

o L2 LDT R3,DSR

oE BRzp L2 ; Loop until monitor is ready
oF sTI RO, DDR ; Write next prompt character
10 ADD  RI,R1,#1 ; Increment prompt pointer

11 BRnzp  Loop i Get next prompt character

2

13 Input  LDI R3, KBSR

14 BRzp  Input ; Poll until a character is typed
15 o1 RO, KBDR ; Load input character into RO
16 13 L0z R3,DSR

17 BRzp 13 5 Loop until monitor is ready
18 sTI RO, DDR ; Bcho input character

19

1A 14 LD1 R3,DSR

18 BRzp 14 ; Loop until monitor is ready
1c st R2,DDR i Move cursor to new clean line
1D =3 R1,SaveRl ; Restore registers

18 0 R2,SaveR2 ; to original values

¥ 1 3, SaveRr3

20 BRnzp NEXT_TASK ; Do the program’s next task

21

22 SaveRl .BKLW 1 ; Memory for registers saved

23 saveR2 .BKIW 1
24 SaveR: .BKLW 1

25 DSR PILL  xFEO4
26 DDR LFILL  XFEO§
27 KBSR  .FILL  XFBOO
28 KBDR  .FILL  xFEO2
29 Newline .FILL  x000A i ASCII code for newline

2A Prompt .STRINGZ ‘‘Inmput a character>’’

FE8-5  LC-3pyiatin A B

8.5 HEIEzHI/O

814 R, LRBETLUBIRIWHREVORERE, X_—FhLBEEEHORL
KR, FH, BAMVORERMHMIERIER, 0 ‘" HR. 2082, 83FB4HHMR
WEF, ECEA-AREA, DBBRELRSRAWRRAEFFS (Readyfy), HFReadyfirdy
B U 2R, B RRATRASREES . TANRIOEMZH/ORERBMGZLHR,

8.5.1 ftARFWESIO

FEBHVOMAREFIER : VOBE (TRESUMSTRFMY, LTRELTX) RBE
THIThRE: (1) BARIESMBFMEE, () EALEERGFIOREER, 3) BEBEH
FURFRINAT, BRI R 2 BB R —H, RWTR AR, SRR LAY
EAW B AnES-6 R .
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Program A is executing instruction n

Program A is executing instruction n+l

Program A is executing instruction n+2

Interrupt signal is detected

Program A is put into suspended animation

The needs Of the I/0 device start being carried out
The needs of the 1/0 device are being carried out
The needs of the I/0 device are being carried out
The needs of the 1/0 device are being carried out
The needs Of the I/0 device have been carried out
Program A is brought back to life

Program A is executing instruction n+3

Program A is executing instruction n+d

H8-6 U EIOH A Tt & HIBITIRER

T WA RFAT S, PHREREEKE, HATEEMRR, BB ERFAL
HATHR, AR EHRTER. ROIELR, ERETE, BFAXGHITRBHANT

Program A is executing instruction n

Program A is executing instruction nsl
Program A is executing instruction n+2
Program A is executing instruction ns+3
Program A is executing instruction ns+a

852 AHHAESIAHIEZHIO

EEXEEF, MRVORMERARWH X, LBBHRLERARNM FHMReadybrEAL, TS
WRHVOF R TR, MRGH W&, SEBTLARTIMRY, bW R, 2%
AEHFLFEF, FABHEM (BEGTR) HEEAIVOLERR.

8- 1A — AR, WEESIRECK B 10000 F 1 SR g TAbER . ans A P BB H
B R4 oy Bh80A MIARASON T H (PHBANRITHAFH), WE0.125s—NFH, FRZLE
X100/ FFFHIFFFITEE12.49999s, IRFIESSLE 100041 XM T8, FELLME? Chita
HFE12.49999087 X RH T HHEREEY.)

ROVTLAR MM 2B WA REA G FH . MR, BFEERRKMEASEFET—
AFRRERA, EA 1004 FFFRIR I 2100 x 0.125812.5s,

MR, mERAPEHR, WEFEREZAE I HTLDIMBRES LAS A A, B4,
Wi Bk 28, FTLMCHALE E—RiEARM TSR, RBEREBR 2, ERDHR A BE
MBAFH. BEA/OHAFHIZKBRERE I0RIES, AEFIR4MIATHIER0.00000001%), W
I —A FFFRIR I (X 40.0000001s, 1004 FFFRTi% AR AIRZ0.00001s, I PSAI0NFHEE
12.5s, {HehMWiJ R TACER 8 ik A 7 8 f9 I ) £ 0 3 o /90.00001s (A& 12.55), FITFRY
12.49999s 7] Fisk A AR T 1E, AnibER b— R ARIFRFF,

RNOLEIRR: RALEWHR, TRI1004F RN ] £24.99999s (12.5s A iEA 1004~
FH, 1249999 FRCBFFIFF) . RAPEHRI, 5ERIES AR ERE12.55 (0.00001s %1%
A, 1249999 FiHALER) , ARALERT 000X AR, WA RFEETh, HMi AR AKEISh,
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853 MEESH~E

BT VORIER M NE, —RWERE (enabling) LA, BIVOW4& R (il Mibm 3
B (A R A SR M A R ) o« R FSRRLEL, HI/OR IR 40 ] 26 AL TR 38 it
H2ZIE, KPS AR RARA S (1) bW, ik SaRTReE, (2) ik
iR

RAVREHA BE— WA WA, ROERE, LEBHW SN T, SRHMEHEIER, &
ERERRGR LM T,

ETENENA BEREI02% 2 th, LCIELBBITRRIIHE, BEMBEE
(stack) B, A% “HEH" RURIR, BEHI0RZEALES.

WRRTLE, URRTHS H0 CEB BB —HANE), LAREUTILA &b
(1) VOB # i ST EMS .

(2) Bt RS RO BUR,

(3) W T R AL JE R T 24 PTAL TR 38 72 45 R RO R S50

LA ESA KRR, WIS o ik M AR, HEWR & R TR

[EY T LT 23

VOB A AL, eI B 072 A AL TS H ORI PTIOR: , Yt WA R AR5 0K,
BB R BHRR,

HEE—TAN, RIOERBH RS CLRE, HIKBSRRDSRE B MWReadyfr, BATER,
IR0 RO, CRTAMERA—NTH, BERMRS (MEILR) « MBVORE R BR
B, WRFZHTHCRHBRE, WRMERS AEREAT 0, EXRBERT,
VO #3it % BAR A 47 B HReady LT “IRARS "

HRE TR, AR IR BB B bR, BB A REH L
BN, DRGSR, HRLRBAFREEET e o
WifE S, B, FRAE R LBk B LR &R R (S, ?KBSH
B, REFEBHLEH WL (E), WES-7H R B
7R, KBSRAIDSREYSE 1MLHNL I R ifFdrE, £ A1/OR44
& W ik KA RIERReady (LI0Z4RE (AND) £51, .

MBIERERHO, MERRadybER TR, WS DsA
WAL, W, BAESRBLRISR, it mmmw%g
TERAERIEOSE,

TRES AR R |, FR A O (AT, 8T RIREREGI R
B A R 0, — B A BT, Ready(ZRLUER 1, Wi hA P A eI (35

2. P AR

VOR & HUTME SR, IR LA TR TR, AR BFRTHE RS
LI~ ROFEBIT, RIFZAHRA N,

UFBARIH RN AE X T —HBFRERH, MLC-3% X T8MHARR (PLO-PLY),
WU KA AR, — M RFRPLIER SWREFLEFOPL (MR HHH, ok
RSB BT — M RIPL, TULRsk T — 4 EAPLA S HOLIF TR, W2 A5
KRR BRI, HHESRERORAFERINWRZE, B MR B
. B, IR ESUEERG — A TR IS A TR R, W CaR SOME (—%
®) HIEHT, WRERTH, SR ENRER LR APLO, TR EME R —
R (current surge) RIFIBUF, REITR S ILILR APLS, WBHFAE
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FRE—EHLE LS, ROBATERAT MEHEFNZKET TRITERF, UakEH
O HBE IR MR A KR AR F o

FVOW&REH LB B YRETT, HRZFWBEIHVOWK, NEAHRIEERLHAHTH
HBATRFMRER. B, MREZRE-mailliRBA, RIOVFAFIZXRERMARS “F
Wi" Z AR B DR FREAT.

TEBRITHES, SINTES AR, G REHEE LA 7020+ HRG, mE
8-8Fin, RINTHSHIENMURPHRERERXPETEM. BHEETEMREHRES
7%, LR EDOESROKERT. M FEMRE, DREHVREFEBOHE4, 156
IRt B, W& A H PR S, FANRNES LR ERARERSDE (—1 M8
EHERK), NigHRERRER -4, BEHRER MR YAETRFOR LSRR, WH
BHERINTHIE S, Jh ik SRR,

PLO i PLY &% PL7 B4
1514 1514 1514

FE8-8 INTIHS A ai ki

3. srkw

R FIOK — sy (AN hMi=te) MG %, RACEBXZTNESORN, KB4k
HInzES, BAVEESHRITE BT Y. RiE4 (FETCH), i#F (DECODE), #bfkit
% (EVALUATE ADDRESS), H#fE3 (FETCH OPERAND), $4f7 (EXECUTE) Fffiiss
(STORE RESULT), Bi—#iK4 TR “FHER™ HH2/E, HHRTHERE WM, BF—
FARAMIBRERIE.

EMMT R SRWER LG, RN B)E—% 1E—— M AT —/STORE RESULTHi# %
AEET—/AFETCHY 41, #HBIfL: 7ESTORE RESULTRYRIN & #5247 bl {5 SINTHIML .
MRINTRBIRE, W—a0lH, fSH8TH A K EFETCHY #, MRINTESAR, WEHR
TLAEEBFECTHYHZA], WRMMBLIE: —REFRBHREMEE, ELUSRIERKE B
MR FERATIRE RGNS TIXREWROBFA DA EAPCET S, ETMAKX
BLXERIE, RI02VIMIEE, RIVHETRTH (stack) BRZE, HEIZAE.
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8.6 MFERRSHI/ORIEIB

ZHIZE RS- 2RI8-45h 53 SIS T I TEBLAH A FIA AR AR, LR IRE , AR
LHEMEANO, BEREFFELARTE, T,

8.9 (RIHRCHRIEC3) FmioRiBiis, CRA% THRIOKAFHEBHERNLNE
Hh. S, WALEBIES (Address Control Logic) MITHHIBMA . MUHRIE, i, HBAH
SAMARS. (1) MIOENHRY HiH A R THRIEE RUORIE, (2) RWITS IR RIRIMET
RSHE, (3) MARFHBHEFONTILATERS (AFRIE) RUOKHF B (VORE),
EFSAMALE, WHHEBGE RO AR B S, MAMIO.ENKO, HiEHER:
TS, T, EAEHMDRRIA RO 3 2 M BR (64 .

FE8-9 WFEBRAHION R F RIS R E B

AR WHIRIK R —A ik (load) #fE, MIRAYIE4T IR NP RIO%H 77 B EMDREF A
#. R, SEEHIE I A BT RINMUX M A LR 155, BIEHRNIEERIOR
EFFRIEHMDRIMAR ., RRIENFRIE, BRMARPEE TR Z S, I EER
EHTENFERIES (MEMEN),

MRRWHIRIER—AB (store) #fE, KB4 M EMAMDREFEEAFRIOFH
o HIHEHLZ AL FMARG A, MMARFER A TE B S/O% 77 38 K X MR B A
fiE (load enable) {55,

87 J@

8.1 aftaRiE&HFEH? bt 2R R ESIEHFFE? cft 2 RigEREFFHE?

82 Mt ARSVORTEEReadytFEN?

8.3 EE8.13WHEBIF, MRCPULIESHEAI00MHz, BNE33HHRALE - EH. Bk
B BIEANTHREHN FRHEERIAZAGER), RITFREIHERA SIS
REFR ECPUMYRCERHE .

84 WA TENREHRARFSHDRFSM?

a BB B AMZE, b. e A 38 B3l MR R B
. RAFHIPCZ MR E .,
TR, FEHAKET, ENSRASH? EHAKET, ENBRRESH?

8.5 iRE, E#AFFBRKBSRAMbI[ISIEHLIER?

8.6 MNRBAFEKMKBDRAE LA, THEKBSREFFBMIReadytr, KHIUARME?

8.7 THHAEMERAE—E, RTLHAS 2. 2W AW AL
a. NFERR AT FI T IR ZHI1/O, b. NSRS IO,

c. ZFOIELFIhIRIEEIMIO, 4. FRVOEA O,
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88 RME—MEF, RANFHAL0x4000M(E, REXAFHALF IR A &HEMASCIG,

8.9
8.10

8.11
8.12

>

BFRUE R LATEDX A ASCIIFRF . anRIENFERAETE RERI R — R BSAIASCING, BFFRt
ftad Ak,

R R AFEMKBDREFF 8 5 AKBEZAT, THAEKBSRIReady(y, &R A ARE?

TR GRS H AL E M DDREFH 8 5 A BB BT, THREDSRFFBMReadyly, XREMH
EALE: 44

IR HOFE W H RO, B—MEEEHR? Hit4?

Adam H.&1H T —ALC3HRANMER. ZHANNRATBERSHFSR. HR, Bk
—AWHRKKBDSRIVEIER A%, AFFRELE T 5LC-3WKBDREF 22 MR
W%, % FKBDSR## %, WARFRAEKBDSRAZE T HOMIE %, 4 MKBDSRAiER
HiE, XANEOMMERIA R AMAFHOASCIBE, EXEBERLE, BFEHER
KBDSR###%. a8 22K, LAEZEBIEAAdmBTiRIHITE,

AH—EH AR LR EBHLC-IM/ORL, RAVEFAIHEHIRALC4, FELC4%, &
MR AREFFEKBSRMB R BREFHFRLH A1 4H%: IOSR RAMBHRE
7 %), IOSR(15IRf A fIReady(i, IOSR[1412 BRIk #& HIReadyfir, X4, BFBEM
fISKBI/ORIE? PRI IXAMZIHH K,

—ANLC-3fyload#g 4 # A My b AL ROXFE02, BATVEFA fERIH AR KRR K HKBSREFF
BERKEHEAWFRETT?

KT W/

a. THIXBRRBEROIZM 2HE%5?

.ORIG x3000
>

ST
AGAIN LD

sT
A FILL

LFILL

B
KBSR  .FILL
END

b. R EE T R RIIE H0x34, PIFFRITCOX0134RY{H 4H0x 1000, f5 2t AR 45 B FF I T
B, SRS RS R AT A1E%?

KBDR
END

X1000
RO, KBDR
x21
x21

25
*FE02

c WREF (a) ATHAPBA—NFH, B EHFLHAM A7
TEXBELC3BFTRIR 2 H%5?

.ORIG  x3000
D RO,ASCIT
1o R1,NEG
AGAIN DI R2,DSR
BRzp  AGAIN
STI RO, DDR
ADD RO, RO, #1
ADD R2,R0,R1
BRnp  AGAIN
HALT
ASCIT  .FILL  x0041
N FILL  xFFB6  ; -X004A
DSR FILL  xFEO4

DDR LFILL
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9.1 LC-3TRAPERF
9.1.1 iR

R —RES- SRR, BFENRMETEA, BFRLS TR TR

(1) BEFHS (RERMBRR): FTHEDRSWIIEE HARRE R AF R

(2) REFFES (REMBRBE): T TREMM TN BRBHH T8, URBELT
i,

(3) SEMARIFS T BN,
CMFASRERRR, & RLE A T RIS, W3k, dRE kAR AR
R (UBRABER) BB THRKEIORIE, HERIOEEMY, NIEF BN AbLED,

W4T 2B ¥ L 0 4% SKBDRAIKBSR FUOMI IR , #3880 5 — [T, LORMER B4
FEBANWRSRFE, XBRE, WRLEA S REF RAEERSHERTS, — Lk
FEBWRRIE, LEURICRA PRGN, Ll RTEFLERRRES B
M, B, ROEEEFFRR AHRE", BIFENRERIEH A SR RBRFHE,

BR, HROBABSIZRETRME, ik, ROTREGRIIE, ARCBEHH7E
BEESRA, B, RABERER SRR RS RN, SRR A
RS, ESIRIA WA, B PR A RUR ISR (RS — R A AOR A 08

—HLER B AIL SR, RSB FTRAPS A FURIEASE. FHE “BIERY”, B
SRR,

ERSH, BB BLTRAPHA BIHE , 3T — A2 (E%, FIPBRTLLELTRAPY
AURREREWB R, BRI, T BERAEE TR RSO AGT, fih
TR RRRE A 2 BB B PR IR .

WME9- 157, Fi/ BAFAEX40004BE4
HERFTYOMES . BRI RELL LB
PO YRR AMES . BAERRHELRI, o [ (TP ]
DHHALETRAPIS & B IMR S BER, RIEH LLRIOMK MR
RFIR R TR 00 AL &, BAVHGE A WL S
PBREMHRSD REBA” (service call)
“ALAA” (system call),

9.1.2 TRAPHL#I

P89-1 f# FATRAPH 4 I FHOSHAR %5 22 FF

TETRAPHLS, BELITESR:

(1) RRSEBF (service routine) 4. MMIERGRE, HLURF HhHIST. XERSRF
RBERGOARKT Y, BETEABEHNF R, LC-3R B TLLL 256N RS BRAF. Ak F
ARRAFTR, EREBMLCIRIEARGI S BIFFI,
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(2) Rtatbht. WH2564RERFMRIMMBAE. EFAT ATFHALX0000~X00FF, AR
WRIERGS, BRMREOLT . ANKRZY “RgHk”  ——
(System Control Block), HRIFRZH “BAKRE" (Trap Vector

Table), B9-2Fi FRLC-3IRARBEMRE, KPLHTERE 400 X0400
(R RF) ittt i, WAOUMAERTFRHM 0

SBIFRETAE (x0430), Hbhbx0023) % & 8 AL A Al %5

BUFMAEHILE (x04A0), HAEX002SHIAZA I B i ER 002 X050
Frifgkesateat (xFD70), x0023 x04A0

(3) TRAPISS . fiPMBREMBRZRIERGLPBFS o0 0460
BRAR RIS B, RS RTREREE, W o e

LA FITRAPIE 4
(4) g3 (linkage): HETBEHERFMPRF. CE®REHR
TERGERTIRBLHD, AR %5 BA-E B P B I RHLEI

9.1.3 TRAP¥E4

TEHATIRS BRAF 2 AT, TRAPIEAEELTRMAEH.
- RIBEARBRTANS, HPCIEBUA BT IRS BRIV,
 REE—FHLE, BEEFHATRAPIRAMBF., ROFRIL BE" HLHH i
(linkage) ,
“TRAPH5 4" MFEBS LA : RIEDINTFBARERS (bit[7:0]1), L[11:8124140, BA
RETFRAT A RS ZRERKRITORSBF. MTHR, BAKREH23,

F9-2 BaA (trap) KB

15 4 13 12 1 10 9 8 7 6 5 4 3 2 1 0
F [ T ro o o0 o I o 0 1 0 o 0o 1 1
TRAP trap vector

TRAPIS & TERITRE, BEHMAMHES -

(1) #8-bittIBEARBFY R (zero-extend) JH16-bitheht, H3AMAR, FlanxFRAKE
x23% 48, PORBMMAEBREX0023, ERERABARRETMMEAL

(2) B&ASRBE (L FPa7Ex0000~x00FF, BfifF, #Mx0023MIA%A B ik AMDR, BIx04A0 (4
E9-2P7R)

(3) #4ATPCIEAF AFFEBRT, LASKIUE A AR AR,

(4) #MDREJAREAPC, Eit, TRTRAPHS,

HFPCHINZA BT AX04A0, BTIEFHMIBIEX04A0IF 45, ShEEhiT,

x04A0fF MM RIIERL “REAZA" BEBIFORHE. RO, ERARE “HH" %
TRAPE PR, FTLL, TRAPx23{4M1EARMIBRIERGN “REAEA" BEBRF,

TRAPIE4 eSS R IE A PR T — 4484 RFBFEHE) WATRE, SRAFENHLIRE
THREAWBAL, W EFUR, BRATH B SRIKHMEEIE. IERS B MEFPCY
B, A HPCIEFFART, #ut)i&it, TRAPHA ARG RASRE MM BFRET A SENEL.
HTFETRAPIE AT B, PCEAEH, 8T —£H4A, FiLAEwaphk sy B HIITH
R7H A EWIRRTRAPIF ST —Fedi 4tk

9.1.4 SERHH
RITEAN BT TRAPI & BIE R 5 BRIP4 (A P RITIHRAIEIR), LURTRAPHEAH#R 4
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FORR S5 B FFIE B R PR FFIOALE] (BERENLED) . TEBRITEMBERS B, EEAPBFHE
e S. EBBSEBNIMPIES ., BIRTEwaplR S BFRITE RS, RINAFBRERE, B
4., trapR %5 BFRIE REHIT “IMPRT”, BATLLREH PR,

H9-357 7 & FILC-3 TRAP{4 FUMPHE 4 SKHLIBMFIE ARG (2 RE9-1), K+, £R
FAFBRFHA (SHREMATH) HBERSBRFB, REEAC (DHRRBJEATH),

AR BAXRE

%0023 | 0000 0100 1010 0000

1111 0000 0010 0011

X04A0

B

FRBARSBF

1100 000 111 000000

93 WA PRSI E RGUAR B A RS R B A SRR

RANKE B RIS S AR RS (g, B0%), WETRAPHLAIMXAES. Rilk
i, FERERFEHER, REEYNHLSHO RT" NMREXPCHE. ZFWT—4AM,
CPUH M AL AL IEBES .

B, MREFHRFFMAMS, RORBERFBES, BATRAPKA RS2 8 K RED
Al TRAPHEA- 5 MATEHEAEX0023 KB AZA (x04A0), FHHMEHPCH, FRHETF—£&464
Mo hERART, FEEO-3P, MELEHR MR A &R BRI AL IBA R RET.

EF M54 AMWFETCHY #), #Mx04A0FF 554047, BNl (FiE2) AR ARRIE
RERSRF. ZMSBFRSATRAMABRFHEFH (2RES-5), HHROLEHIRE AL
ASCIIFG{E.

ZraplR SR RE “IMP R7” 54, EMERRHRIMNEEAPC, MERTHAZTE
AR BFRISATIE BB A, WZERE R B HTRAPHA B T — &I844 HMkat. BJS,
AP RFSEHIT, ROBAMNRRIA A KSRAIASCIDIE,

FuaplR S BRFS, IMP RTESIENAM GEERAPBIF). hik, ELCICHEES, $4
EAREELT A FMAESFRET (MK, WM. HEICRL), WTHR:

WTHRR—BEATRAPIRAHIRID, CIEHES, Al AP BTFRE,
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fExABRAES, FECH—AIRER: APRERSFRRTHE 77, B4, wRA S
AFH “S” KA AR ML, ROTTLMESHO-1, ERFFREBMAFR, UHREAT
PRF BRI KT TR, MRARL, WHATHERIE.

A, REBOLERF, BN ERSEREMRE. ROER, BFRRIE, MREAZ
KREFR, WA EHR, mRRLbFF, WEFZIE, W16,

9.1.5 I/OFRBFALEERF

Tl RE A ES-SPURR A BRI e S, BATLAK ElGEA —MRARS BT, BXE
R ME-aF R, HhmEAERR: (1) MinT ORIGHLENDX#(h# k. .ORIGHE T i%
BFMEEBIE (x04A0), BIBAREREX0023MAE, (2) #HES-SHE2047HRA “BR
NEXT_TASK” #§4-##h “JIMP R7" (iL4iE & B2 HRET), ZHLURIMP R7, REbi%EF
it TRAPH 4 AR (ARl A ) .

Hoh, 832 R AT AL s, SR RS BF mE9-SHR. SRE, &
ATLLEE TRAPH A FIBA KRR (HE), HAXLHA (LE-4) fift (WEHI-5) IRHEFF.
FERBURA RIS A, TRAP x23354 — BAEH, ROWA AL M A A FHAIASCIRD, MitEsH
HIER T, AARERESER R T HHASCILEARO, AGHITTRAP x21817,



o1 ; Service Routine for Keyboard Imput
02 i
03 LORIG  X04A0
I START ST R1,5aveR1 i Save the values in the registers
05 sT R2,SaveR2 i that are used so that they
06 sT R3, Saver3 ; can be restored before RET
07 1
08 1D R2,Newline
09 n LDI R3,DSR i Check DDR -- is it free?
oA BRzp L1
08 sTI R2,DDR ; Move cursor to new clean line
oc i
o LEA  R1,Prompt ; Prompt is starting address
oE 5 of prompt string
¥ Loop  LDR  RO,RL,#0 ; Get next prompt character
10 BRz Input } Check for end of prompt string
1 12 e
12 BRzp
13 stI ; Write next character of
1 i prompt
15 ADD  R1,RL,#1 ; Increment prompt pointer
16 BRazp  Loop
17 :
18 Input  LDI R3,KBSR ; Has a character been typed?
19 BRzp  Imput
1A o1 RO, KBDR ; Load it into RO
B 13 DI R3,DSR
1c BRzp 13
i STI RO, DDR 5 Echo imput character
18 J to the mon:
P i
20 14 o1 R3,DSR
21 BRzp
22 sTI LDDR 1 Move cursor to new clesn line
23 10 R1,SaveRl i Service routine done, restore
24 o R2, SaveR2 | original values in register
25 1D R3, SaveR3
26 RET ; Return from trap (i.e., JMP R7)
27 :
28 SaveRl .BLKW 1
29 saverz .BLKW 1
2A  saveRs .BLKW 1
28 DSR .FILL  xPEO4
2c DR .FILL  XFEO0G
20 KBSR  .FILL XFEOO
28 KBDR  .FILL xFEO2
2F  Newline .FILL x000A ASCIT code for newline
30 Prompt .STRINGE “Input & characters®
31
E9-4 FRMARS BT
o1 LORIG  x0430 ; System call starting address
02 ST Rl, SaveRl  ; Rl will be used to poll the DSR
03 ; hardware
04 ; Write the character
05  TryWrite LDI  R1, DSR i Get status
06 BRzp  TryWrite i Bit 15 on says display is ready
07  WriteIt STI RO, DDR i Write character
08
09 ; return from trap
OA  Return LD  Rl, SaveRl  ; Restore registers
08 RET ; Return from trap (JMP R7, actually)
oc  bsR .FILL xFEO4 i Address of display status register
o0 DR .FILL XFEO6 ; Address of display data register
OE  Saverl BLKW 1
oF END

B9-5 TR IR S B

9.1.6 HALTHEREF

FE4.SThRATET, BERUNSIFFIMSIRAHN 5™ (AND) B4, WLMSHIHHEHLE
E17. MRRUNBIFFRIGLAH0, W “57 (VR A0, BN SR A LRI ahE Ik,
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TERBIMIR S RGN, HE—HALTIRS (HWERUNGIAZ), WRRE LM, El
FEESHEARERIE, HErR—MREFTERR (SA—MRSROER), FLL, IR
WHHLF, KATRAPHA HRRHBRRUN T, 7ELC-3%, RUNITRINEX MALBRHIFFE (1
SHAFFHAEXFFFE) fOS51560, ANPHO-6FTRR raphR %S B, BRI (ERSh, %k (hall) 4bEEZE,

33 “ORIG _ xFD70 7 Where this routine resides
0z sT R7, SaveR?

03 sT R1, SaveRl ; Ri: a temp for MC register
04 sT RO, SaveRO ; RO is used as working space
05

06 ; print message that machine is halting

07

08 I RO, ASCIINewLine

09 TRAP

oa LEA RO, Message

08 TRAP  x22

oc m RO, ASCIINewLine

oo TRAP  x21

0B

OF ; clear bit 15 at xFFFE to stop the machine

0

11 D1 Rl, MCR  ; Load MC register into Rl
12 LD RO, MASK ; RO = X7FFF

13 AND RO, R1, RO ; Mask to clear the top bit
14 sTI RO, MCR  ; Store RO into MC register
15

16 ; return from HALT routine.

17 ; (how can this routine return if the machine is halted above?)
18

19 2 R1, SaveRl ; Restore registers

1A 1 RO, SaveRro

18 b R7, Saver?

1c RET ; JMP R7, actually

w

1E ; Some constants

¥

20 ASCIINewLine  .FILL  x000A

21 savero BLKW 1

22 Ssaver1 LKW 1

23 SaveR? BLKW 1

24 Message .STRINGZ  "Halting the machine.”

25 MCR .FILL  XFFFE ; Address of MCR

26 MAsK PILL  X7FFF i Mask to clear the top bit
27 .END

H9-6 LC-3@yHALTHRS BFF

Helr, 02, 03, 04FTHFERFAFRT, RIMROFHEBINE . ZHLARAFRIFIRO, RH btrap
k% BAFEMAEN REFRT, REAEHAZHHTRAP x21 (0977) Wik, BE/E, $08~0D
ATRFAEFBE L HRREE “EAXH” (Halting the machine) ; #/GZRUNfL (MCR[15]) #
BraRfE ($11~1417), BIFMCRAZFMIE “0111 1111 1111 111" 4 “5” (AND), MCR[14:0]
REARE, MCRIISIERO, TAM: RERI—1E4 (RraplRSBAF) FREHIMEEITF RE?

9.1.7 BERNBHRFIEE

ERMERAET, YTNBEE: £—2MRT, RNFERABRTFEROAE.

© REFFBONELWEEREEY.

 IMRERERIETHERLFER.

ROU—ABIFHREHEESE. ik, BFEARSIZANET, REHASCIBHES
WK, A MhEBinary b FF 449 10N ES AR A, MTHR:



01 LEA  R3,Binary ; Initialize to first location
02 LD R6,ASCII  ; Template for line

03 LD  R7,CONNT  ; Initialize to 10
04 AGAIN  TRAP  x23 et keyboard input
05 ADD  RO,RO,R6  ; Strip ASCII template
06 STR  RO,R3,#0  ; Store bimary digit
07 ADD  R3,R3,#1  ; Increment pointer

08 ADD  R7,R7,#-1 ; Decrement COUNT.

09 BRp  AGAIN i More characters?

. nzp NEXT_TASK  ;
0B Ascr .FILL xFFDD ; Negative of x0030.

2 (ASCII template) RYMIERARG, EH BB FRARE (Wx0030) , BiJE, counthI¥ik{E
10%AR7, 2GR 10KIERMRIE: BRMBAIEA—TFH, MASCIBIRIE, i ifHISR,
BERETR T 10k @I, FRK—-EY, HRERNENEBFIHRER TE, htar 258
BRBITTRAPIES (0447) B, RTFINEEHHESCHI T RIS “ADD RO. RO. R6™ FifEfit
ik, XBER T FRERARTHIcount Il (10), FLA, $08FI09FT RIGAZ FokLE R MR R,

B FRRMABRE: —AFERORNE, MREBIHRBEZFEZEWER, WE
BRRIEZA, BAEHRERA, BRZEEHAKL. RENHER, BHEBNETAN
FRREAE. WM, WEARFEAFFRUT, ME-6HR, BOMTHISTHSHRINE
FFARFE, BIFTHLDHES % TRIFIAZ, taplf 58 AR 39S 1947 LD 4 T4 B ATRY IR
{EFARL, Joh, P27 EMBREFMRIBAREE,

HERRGF/RE A, BEaTLAmIBARFETRAPZ A 3%, HFTLAMBIMME (TRAPHRITZ
JE) RO EI2WHRIMER, FHOREES—XBRBBRREF (TRF) Fhifk,

RAFREEARF AR ARG “BAARA" (caller-save) KX, sk KIEME K
WHRK “HRAAKRA" (callee-save), ERBAEHRMENE: “if (HAERWAME) 4l
WA BAIER, M TFRENEES, BaERFrR0NER RS, WlBRATRS.

MTWEBERY, mT el hCHBFREEABLEHFR, ML, ETUERGTFH
ZH, HEERFRONERKTFEANTE., PTERM, FEILRERTESRFS. Ak, R
THENTEH A Tasi, UASHFREAME, Fian, @964, HALTRF AERH#AROMRI,
FRLL, 503, 04fTRISTIRA MBLK LA A REMIRAE, $19. IATHLDIRS fifitks, $21, 22
REDHEFRAFONFER,

HTWAE RS, QMEEEHRIEZT, BEFEROAXLUBR. Hiam, HLIE-6H
B, WHEMETRAPH & LR B ERTMINE . FiLl, HALTIRS BFETRAPHR AT 2 AT, Bt
HRTRF: WG, FEETRAPESHATZIE, BERTHIRIE.

9.2 FEF

A, ROVES, MERFERTTRIOMWESMY, LTUARRTRREREES. AL,
BEAEBTRIERLFRGEOBERT. B0, RIOBYERE, LBERGRBAREFES,
AT AR S BRI P B 10 R T 7 A R AT

oKX LA 5 R PR H IS, (UOURIBMTRAPHES, FIT9SN HRIERGREHE, &
J&, Bk BRFF@IEIMP RTH 4 S RIS 4 F PR F .

IR, E—ARAPRFF, MRENBRFRBEARER. TRIIXFE, FEEGKER
Bf, BEMKBLELE4Y, RiER, ROFEROBITUETTBER. X, OASHBRE
o+, WA S-S ARSHRE,
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BE—AERE, BFERGES RBLMAFBRE S HRERTLNO, HA, ZBRDB
AR R AR, RAOFRSENREEAN A" (library), B0, B¥ERR—HF,
TRAETESR, EBHREENFEH AN,

LA b &R LR, REFEE—FILE, TLURBRITA X SRT, RITHRxE
REG% “F4LA" (subroutine) B “it4L” (procedure), MCIEFHIAREBEUHRZA “H &~
(function), ‘EFIRIERIHLEINIBEFRS “# M /&= bl” (Call/Return machanism) ,

9.2.1 WAAREINH

FEEO-4h, BT -BRERMBFAB, CERFFHRSKAM. EEATALBRNIFS
HI3%HE4, LARMBRIAL2, L3FILAFFARH3HdR4 . iXLE4R 4 FFFIRTA A M T AR
LABEL  LDI  R3DSR
BRzp LABEL
STI Reg,00R
XABRRTAERARNL, RRESTHRAFTHFAERK S, Kb, 24 HHMIIRROMNE, H247 ik
HIRR2MINZE, FEAK. RRARAGEEIUH, B0 TUER £ KT = 845471,
TERNBFHAFEQE—KUT (FRFEHR).
RN RR, HRURFRFNF b, FFHRAPC, RF, RFHAER B
(F—&4E4tht) ., FEEEHHT, HLERLIEFEAPC, B-TFREERMAERTFRFS

PR AT A LR,

X i oo e

A A

Y ! ]
R @ @ |®

A

7 WA

A w

w

@) TER TR b) A FRAE

B9-7 fEFIAE R TR AR AT R

VGBI B STRAPHE & RO AT AR R ML, BAMER T, SMRERFERNARFN
B, AEHRFRREERDE (RSBFRTEE), Kb, PCEAMBERBRIER
Hebt, RTBEAMINIREEERE MR, ROBOREE—&IE0, BLREFNRERFT
RTBFF, MRIMPRTES, BIHRIAERAPC, NiiHHEHIOLEREIBMAE.

FRAMRS BFZEGEERHETFTRAPES, HiFxMEMRHTARBHAR, £
HRAERBEY—F. IPRABHARRBROUTHE. ETRAPTRT, BEBFHMT
RIERGRER, HifR& VR HEIEEEGENER. ENBHHALEFRARS, HELZT,
FRAMBABFTUME—-ABFERARS (TR GRHFRFREE X ERE) . BERHA
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WRT, EfNEANRESTLHRFNL ARG MR, FURNAHENTMER &
FEHI—HB5Y o

9.2.2 JSR (R) #¢

ELC-3d, FRAFAMESMRAEDRZ100, ZE4SMIF MR (R TFREDESbIL)
AHFF: PCHX oL FabfE bt Ik, ELC3ICREE+, RHEAMBREDHER, EBIEH
AR (JSRFUSRR),

RS ERFEEF: HERMEEMAFART, RI5EHAFRFEGIEIFEAPC, EE
it R BE AT C 2R MVPCIE, SR IBMBF+ EMISR (BISRR) 84 ZRHMENRS.

JSR (R) R4 H=HIHAK:

15 14 13 12 u 10 9 8 76 5 4 3 2 1 0

L opcode [ A I Address evaluation bits

ek, bit(15:12)RFMIERD (0010) , bit[111ARARFAMR, FbinRH1, % “PCHMH
BEF4E", OMIRFE “HipbtF AL, bit[10:01 F FRFEAMILAIHE, BWIFR, ISRFISRR
ZEMHE—ER, BFRFLABIENTIER,

1.JSR

HJISRigS ., FRFBGMBIEIES R, BB R (16-bit) $#54 Fhbit[10:0],
RIEHY RIGRI16-Dit S MEMPCHIN, ZF AR SLDASTRF AR ILFE—H, ARPCHY
BB R R 11-bit, TGLDFISTHE 4 6 ARIRI-bit,

AnRISRIE 4 FIERI AL Hxa200, FLZIELMBMITERE: PC=x3E05, R7 =x4201,

15 14 13 12 1 10 9 8 7 6 s 4 3 2 1o
0 10 0 ] 1 [ 1 [ ] o 0o o o 0 1 [ ]
ISR A PCoffsetl1

2.JSRR

JSRR{ 4 FUSRIELARML (REFUBALE). ENHRTRFRAMAN TR,
AR ROUBC)FT IR E A BINE

Bign, MTHR, BRIRISRRIFS BT L Hx420A, RSHINIZE Hx3002, B2 ILISRRIGA A
PIFEERR, R7 =x420B, PC =x3002,

15 14 13 12 1 10 9 8 76 5 4 3 2 1o
0 i 0 0 l 0 [ ] | 1 0 1 0 o 0 o o0 o
JSRR A BaseR

TAM: EISRRIGL W, EASMOH 2HHERISRIES FTkA 7

9.2.3 FHMANTRAPERF

THE, RAOEFR—E0E-AFRMERAEMAIRS B, 8 HIEEI dibabRIAALL, L2,
L3MLARI =17
LABEL DI R3,DSR

BRzp  LABEL
STI Reg, DDR

WE, BAIFTEARISR/RETHLA], H4sbREDEH A~ FRFG? R L+ REEM,
FE9-8FT R R BHFHIRBMAMS BF, Kb, $05, 0B, 1IMI4THREHBHSE ST
E.
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TRAPA£ /442 FALA
JSR  WriteChar
i % 1D~2047 & Hihy4&i& 4 (FBAF WriteChar) :
WriteChar ~ LDI  R3,DSR
BRzp  WriteChar
ST R2,DDR

RET

o, RET{ES (%56 ERIMPR7) MfEMAR.: SR FEF, BEAHE.
HENEAENES, AREOEHAL LET. HRL, EML2ALIFHHRES, STH
4 7F ADDRAIF/IZZROMIAE (TiFRR2M). Fit, HFMHRZE 5 Mo, mE9-8RIF09T, K

AR

LDR  R2,R1,H0

Hih

LR RO,R1,#0

e, BERRELTHREMFHEATR2, AT, £ TRFWriteChard, FHR2FNF
P& ADDR,

HRE-BMFI01T, RIMEAZH—KHEL:

ADD R2,R0, #0

CRIEARMRABMAE (FERO%H) HAR2, A5, £ TRFWriteChardr, BFR2fEA
DDR, #:#, WE7EROF{IATEHBBAMBMAIL. 55, BFREBRFFIEABLROMBIE, B
CAROH—H AP @ BMA T, HFIEEMFRF,

TfEEO-8RI% 1347, BAILIEA TS :

LD R2,Newline

ERIERRN “BiT" (newline) FHFRAR2, W5, iflid ¥ FWriteCharf#§ EiX ADDR,

BE, ERZBFSE-PRBFNAR. hTEZPNRSBFT, SHMRBISRES.
BiLh, RIGTQ& MBS, EHARSBFZERIBREEKT (B03TRISR), Hik, &
MEFHIGTE—RISRIGS ZAT (A1F0217), RAEF TRIMMA, HFITRBE—RISRIKLSZ
& (31667), ABERTMIAE,

Y-8 R I AR 45 B AFLC- 3 ik A SRR ST R ARID .

o1 TORIG  X04AO0
02  START sT R7, SaveR7

03 Jsr saveReg

o4 ) R2,Newline

o5 JsR Write

06 LEA  R1,PROMPT

07

08

09 Loop LDR  R2,R1,#0  ; Get next prompt char
oa BRz Input

0B JSR  WriteChar

oc ADD  R1,RL#1

op BRnzp

0E

oF  Input JSR ReadChar

10 ADD  R2,R0,#0  ; Move char to R2 for writing
1 JSR WriteChar ; Echo to monitor
12

13 123 R2, Newline

1 JSR Writechar

15 J5R RestoreReg

16 o R7,SaveR7

17 RET i JMP R7 terminates
1w the TRAP routine
19 Saver? LFILL  x0000

1A Newline .FILL  XCOOA

1 Prompt .STRINGZ “Input a character>"

i

1D WriteChar  LDI  R3,DSR

1B BRzp  WriteChar

1F sT1 R2,DDR

20 RET 5 aue R7

E9-8 WEEFIFHAMLC3 rapfR 5B F
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21 DsR TFILL  xFEO4
22 DR FILL  xFE06

2

24 ReadChar  LDI R3, KBSR

25 BRzp  ReadChar

26 DI RO, KBDR

27 RET

28 KBSR .FILL  xFEOO

29 KBDR .FILL  xFEO2

a

28 SaveReg st R1,SaveRr1
2c sT R2,SaveR2
20 sT R3,SaveRr3
28 sT R4, SaveRd
28 st RS, SaveRS
20 sT R6, Savere
3 RET

2

33 RestoreReg LD R1,SaveR1
£ > R2, SaveR2
3s o R3, SaveR3
36 Lp R4, SaveRd
37 > RS, SaveRs
38 b R6, SaveR6
39 T

A saverl \FILL %0000

38 saver2 FILL  x0000

3¢ savers JFILL  x0000

3 savers PILL  x0000
3E SaveRs FILL  x0000

3F  saveRs JFILL  x0000
40 .END

9.2.4 PUTS:

X E-8FR B FRIBE
HEBRE b, BOAEHR—DFHAFIL “FH$”

F9-8 RELFIHIAMLC3 raplR B BA (8)

Bxfa

—ANARE, H09-0DFFHIRIG, H+FH “Input a character”
& B ARRSTE B 9-6 BT R

(character string),

L]

ARG s % 1B, I FF$ “Halting the machine” S E R 7B, MFERABRESH, 8%
SHFHRBHBETE, FLL, FLCIRIERGS, AHUEFITRET —AHEHBARE, m

RAPRFBEE-NFHERUBE RS, CABERMENETAROYRE (EROF),

JEETRAP x2280 7, #ELC-3ICGIEEH, RATFFX/TRAPERIES “PUTS™,
PUTS (RKTRAP x22) #EHIRABRIERS, REHTME-OFROHRE, ¥, REH
E9-8T R DRI 09~0DFT RIS MM I 2, BRATLAMBIPUTSIREBRAF T .

o1 i This service routine writes a NULL-terminated string to the console.
02 It services the PUTS service call (TRAP x22).

03 Inputs: RO is a pointer to the string to print.

04

05 LORIG  x0450 Where this ISR resides

06 st R7, Saver? Save R7 for later return
07 ST RO, SaveR0O Save other registers that
08 ST R1, SaveRl i are needed by this routine
09 st R3, Saver3 ;

oa

0B i Loop through each character in the array

oc

oD Loop LDR R1, RO, #0 i Retrieve the character(s)
OE BRz Return ; If it is 0, done

oF 12 LD R3,DSR

10 BRzp L2

1 STI Rl DDR ; Write the character

12 ADD RO, RO, #1 ; Increment pointer

3 BRnzp  Loop i Do it all over again

u o

15 Retwmm from the request for service call

16 Retum R3, SaveR3

17 o R1, Saver1

99 LC-3yPUTSHR% B A
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T8 D R0, SaveRo
19 Iy R7, saver?
1 RET

B

1C ; Register locations

D DR _FILL  xFEO4

1IE DR FILL  XFEO6

1F savero FILL  x0000

20 saver1 CFILL  x0000

21 Saver3 FILL  x0000

22 saver? FILL  X0000

23 _END

E9-9 LC-3MPUTSIRF BT (8)
9.25 EEF

RAEES, EAVHEORES, WHEATHAERARLE,
., RATAA B FEREIRES: (lbrary routine), B4R
FHENAS (AREABR), ZFLBMERE, £HTHE
B A E R AN B AL 19T
i, BLARIHE EIBRAS <&~ Hi%F" (productive wr
enhancer). Gdn, i B AUSHEF A (IFRSORT) BAERIEX, 2
it M sart(0, BT RAMT IR, TARRAE Fr
ROHERE (KERELBREEHET),

T, BOE—ABET, BRAAEMERET, T
BT BB b, AR AT, LR ARE -~
EHER24C, (B2, A1 OfEITER, FL T2 o
BETENE, W, RNEELEOBTARRAG R gy 0 FRLKENEE
i, B A E A BIAORION, REHLKE (TLES-1057R) 2

JABLR AR EA T (Pythagoras) A

cd=a+b

MRESaRb, MR T2 RBF 7 RAT e, RAMEARE, LC-IMADDEA TLI5E
R FHOARE, it A TARRIORR, B, BAUWTEH R WES- 1R,
14T P RAPO R E2E.

1o RO, SIDEL

BRz

ISR SQUARE
18 ADD R1,RO, #0

LD RO, SIDE2

BRz 25

JsR SQUARE
28 apD RO, RO, R1

JsR SQRT

T RO, HYPOT

BRnzp  NEXT_TASK
SQUARE ADD R2,RD, #0

ADD R3,RO, #0
AGAIN  ADD R2,R2,#-1

BRZ DONE

ADD RO,RO,R3

WRE M= RUALNRF A B

6 X “BRER",
© KR (feet), 1ft=03048m, —@HiE
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3 BRnzp  AGAIN
14 DONE  RET

15 SQRT ... RO <-- SQRT(RO)

16 ;

17 i How do we write this subroutine?
18 i

19

13 RET

1B SIDEL  .BLKW 1

1c SIDE2  .BLKW 1

1 HYPOT  .BLKW 1

1E

1F

E9-11 HHEA=AEFHLGRF B (5)

e, BAOTFEFSQRTAE, ERANEENKRLT, BF AREREHES (REWA
#), % >)Newton-Raphsonisk, ERi%HHEHEMRE.

{82, mBRAEH¥HE (Math Libray), I EEREEE T, Bh, BEERHET QESQRT
ENBRSFERF. HPRF AT 4% 0Newton-RaphsonZ XRIM A, H—BEMER, BEF
TR ER R B iR, DR EHEESBARESQRTM TR R. AL EiKY
FERMRETH, RINRASHRBMKXER.

40 B R BENTE O FT R it RESQRT, FEER MERMBMAERO , B EISFRBRFEARO
o, BBz, BATATCAKEY-11FRED B L%t 9- 125 R MR D,

o1 =
02

03 EXTERNAL SQRT

04

05

06 Lo RO, SIDE1
07 BRz 15

08 JSR SQUARE
09 15 ADD R1,R0, #0
23 LD RO, SIDE2
o8 BRz 28

oc Jsr SQUARE
oD 28 ADD RO,RO,R1 ; RO contains argument x
[ b R4, BASE
oF JSRR  Ra

10 sT RO, HYPOT
11 BRzp  NEXT_TASK
12 SQUARE  ADD R2,R0, #0
13 ADD R3,R0, #0
14 AGAIN  ADD R2,R2, #-1
15 BRz DONE

16 ADD RO,RO,R3
17 BRnzp  AGAIN

18 DONE  RET

19 BASE  .FILL  SQRT

1 SIDE1  .BLKW 1

1B SIDE2  .BLKW 1

1c HYPOT  .BLKW 1

10

1E

B9-12 {5 R MR E9- 10 R H B

Kb, AFHEEEA R

« B, EERES, BFRATHFEOHEFHROEET, EAERFAHRIMLT .

o #=, DhER{EHE4 EXTERNALEYE M., MATE7.4.2% 8 A @t hy, 0v8 e mEm
REFCHE: EEBFH, MUBRFSSQRTISIA, BHEIMEERF (RMk) #Et. Hm,
$1947RY. FILLOGIE & o HBUAYSORT, B4, EBEHT RAToRMARMB (ARME), FiF
B AP R T SRR,
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TR THATIAGR , 455 BB — R R WAL, MO-13ME TiXA s, R
AR IRBOE sy, UEMBCHEIESM TGN, 73 ERAENGT.
BURARRE Affy BARES

N ATAATHRR

B B AR \

KsTTRERY |
[} i

nek

BE9-13  fh 2 AN SCHHI A R ATBR R

FEMR R, MR RGEAEFEHRERF. RS MRF AIRA RS —RX &
B, HRBAROA D (BREARNMEFRCAXNEERS TIEHRBORD), G, ROY
R, ERFEPARSEBRE HE BROTCERF. Falbn—SEsRF, aRiks
MEFRBAARE, BARGEELN. FRMGEE, ERERY, HRMFAFEEMHAZ. (1)
FAATE R SCRS TR R SRR Z 0, (2) 7ESSCHEd, IERHE M4 EXTERNAL
H0hieA. BJE, IEBERAI, W& HTRICRBSAB R, ERATHITIIR,
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93 JE

9.1 IRMIAEE TRAPEL B TR BIORIERFHIR A
9.2 KM
a fELC-34, RETH S wapliSBF? Kt 42
b. St ATRAPE B BIR 411 FIRETIE 47 hft A FAERBR (E&HBEE) 1547
c. 7ETRAPHEA ML BEE B, WREPRATFIF (RIXTRAPEERST) ?
9.3 [HikanME9-6FTRIIHALTIR S BAF, % 515
a EMBEILZE, EREFHHE? (R EHALTIRSEN S, HLEEHFERMbL1S)
frik bR, BFEHER? )
b. f+ 4454 ATARIEL IEHL%?
o MULBEHAHH, F—RERTORSRITA?
d. ZEHALTHR 5 BFF e, RETHE4 YR B s BB E?
9.4 R TFEXBRLC3CHESRA, HEFEE:

LORIG  x3000
11 LEA R1, L1

AND R2, R2, X0
ADD R2, R2, x2
o R3, P1

12 LDR RO, R1, XC
our
ADD R3, R3, #-1
BRz GLUE
ADD R1, R1, R2
BR 12

GLUE  HALT
P FILL  xB

.STRINGZ "HBoeoakteSmtHaotren!s"
END

a t¢§#§iﬁ£éﬁ#bnﬁﬁlﬁﬁﬁv FEHhEX30055b8 —it AR 47
b. x300SKbHESIITZIE, T—RMFHRGRIL (RitinfFal) ?
c. x30064 bR A AT 2T, IITRIRB— KIS (AT ?
d ZABRFRIREHR 47
95 TFHEXALCIEN, ELRZEHHRT. BXAKICHEMAFZTMER, ZRFHRHE
Har Hob, BEERFRTZA, FaHFSRHINEHB0,
LORIG %3000
sTR RO, x3007
LEA RO, LABEL
TRAP %22

LABEL  .STRINGZ "FUNKY"
LABEL2 .STRINGZ "HELLO WORLD"
_END

FIO- I ERME, BRLEREFIHARBAS TR, BR, MBRAFH 87, &
Ranflr EFHBFCENERE, RERATHRER “KETH", MRATR, Wi
Wi, WEKGIO-1IFURRE, FMRARERT, MASEY, MRMADKSFE, U
HABR/NSF A, RMARIE TR, W IR,

9.7 BRENEAENHNE THEAFWRSRIF, HFAIRSBFH M TR, mRE—
A ERRAEL RIGH HARETHS , %S4 %4 EWEMTRETHS, B4, B—1%
AEOBFPHHASA IR, WA POEERHIR.

ik, ETFEEABFRTH, AFBIEALRASEIRES T2~32768 2R, RiGR LR
TR (BEML, P804 F),

9.

EY

9.

3
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9.9

LORIG  x3000
AND R4, R4, HO
LA

REMOD ~ JSR  MOD

BR  RaMoD
STOREL ADD  Ré, R4, #1
STORED ST R4, RESULT
AP x25
MoD  AD Rz, RO, #0
NoT  R3, RL
AD R3, R3, #1
bEc  AD Rz, R2, B3
sRp  DEc
RET
A b 1
RESULT  BLKW 1
e
EIBILZATH “HLEBHC" BIF. RRFRHLE RN 575 AL Hx4001, 5y
PGB FERLA TS5 HIFRBF

2 RERTHAEE 2N, mRENBEL,
b REREFANEL R, MREUEEL,
o REHZLENBRILRE, BEICRILBNYR,
d RERSOEIERZRE, EEZRLSMHKE,
e. RERSAZHEMIBRELR, wRENERL,
fBEEE—& “EH" ILEBHRS,
wapfi %5 B Py LMAL, RFETRAPIES FIREMINFEML RS, R, bt aTEHEE
TRAPH & i feE rapiR S5 RAF MM AL?  (RIZB M raplR S BF RS R E16584E4.)
REKLC-3 TRAPIRAMIE L, (EFS AR R EBAR LIRS B FREthtbat.
MTR—AHRE (RICH) OLCIRF, BRFOESR, MSHlERARSETIHX
AR, HEARFEHLUSRFHER, BERHIEFHEXA R HRMRY, BIRTFO%
FFFAHEOT, AXFKESBILI00NFH, ERARNXFE, BFERELITHHFH.
Heb, FRRHCOUNTRIFTERF (AIHEBF) mB3—MARSE, BRBEE%x3500, ¥4
BT RFRAAR, EMARSEHINA AR (buffer) Mk, ROFINEDWSEIHFH. £EE
i, MELNULLRIEXAMER. &G, ETRAEHIBERFEARS,
TFRAFOUTPUTRIME R, Hit e RN MRS RAASCIFH (BF), HBHER,
EFRFHES—TARS, Hifetkhthx3600, EMINRGHINAERBITENNIFH (HF).
AT PR R A F1I8 FACOUNTH RS«

LORIG  x3000

LEA  R1, BUFFER
G_TEXT TRAP  x20 ; Get input text

ADD  R2, RO
BRz  G_CHAR

BR
G_CHAR STR  RZ, R1, #0 ; x0000 terminates buffer
TRAP  x20 i Get character to count
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LEA RS, BUFFER
LEA  R6, S_CHAR
LD R4, CADDR
JSRR R4 ; Count character
D R4. OADDR
JSRR R4 ; Convert R6 and display
TRAP  x25
CADDR  .FILL x3500 ; Address of COUNT
OADDR  .FILL x3600 ; hddress of OUTPUT
BUFFER .BLKW 1001
S_cHAR

FILL x0000
_END

R, FEERGHFEERNE, BRENE, FAHBESE (BF, RETHETRF
COUNTHIOUTPUT#H),
9.12 IR TFEEALCICRESRA, K50 EE:

LooP1

Lo0P2

LABEL

DATA
SUB1

sus2

.ORIG

R4,RS,RE

R4,R2, #0
RS,R2,#1
R4,R2,#1
RS,R2,#0

B, WFHAEDATARINATER T Z A ERESF. KA, EBRFITZAZ

J&, DATARYRIENE Z AR EFERR?
9.13 MTFRACREBFAMESR, ERELTORTS, BEXREH T, RAbHa (HEEE,
FEFIONMF) ?

DONE
Ascrt
B

.ORIG
ISR

uT
BRnzp

x3000
A

DONE
RO, RO, #0
RO,RO, #5
B

%0030
R1,ASCIT
RO,RO,R1

9.14  E9-6FT, AR B Al HBRRUNIT (HIHLES B4 72 8 AbLL[15]) R AHLET
(81477). R, F19~1CITIRSMERRH L7

9.15  BERAVENTHALX0004 X E X T~ FMIRS BT, EZBRFOESR, EA-NFF,
REWECRRERE L. BIRAFHBIEX0072/0 B8 ${Ex4000, BRFBFEMTHR, K
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1012 ]«
LORIG x4000
ST R7, Saver?
GETC
out
LD R7, Saver?
RE:
saveR? .FILL x0000
a. S HIERX A RIFHES
b. AR5 R FFRES EW TIE? A dEd,
9.16  FATH T HaFbFR RIS HICH. BESF (REEE) M, HIHRNHIR, R EEH
WRIRE, BEOARIRRIERIEM B R TR LR B R A TR .

a.
LORIG x3200
SQRT ADD R0, RO, #0
; code to perform square
} root function and
i return the result in RO
RET
_END
b.
_EXTERNAL SQRT
G x3000
p RO, VALUE
JSR  SQRT
st RO, DEST
HALT
VALUE  .FILL x30000
DEST  FILL  x0025
9.17 MTHTBFOES R, WEkROELT, ARRUTHS “Hello, 4F" . GFHHFE

frERIRIAAHELLOMAEME., BFBREAFERAL/NEF 2R, KO ER
(ASCIIFS = x0A), BA&FKEABL2NTH.

Bign, APERHIRRE, MALT “Onr’, BEBA— N EER, WEFHRBOTHR:
Please enter your nae: onur

RFE (a) ~ (d) EEAKBEHES, TRILBRF,

-ORIG x3000

LEA  R1,HELLO
AGAIN LDR  R2,R1,#0
Rz  NEXT
ADD  RI,RL,#1
BR  AGAIN
NEXT LEA RO, PROMPT
TRAP  x22 ; BUTS
rrrrrrrrrrrr (a)
AGAINZ  TRAP x20 i GETC
i out

cont
pUTS
TRAP x2 HALT
NEGENTER .FILL XFFF6 -x0.
PROMPT STRINGZ "Please enter your name: *
HELLO STRINGZ "Hello, "

.BLKW #25

9.18 MTFHREF, BITERZEMMENER:

ABCFGH
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RE (a) ~ (d) ZEBARBOES, TRLRF.

-ORIG x3000

LEA
BACK 1  LDR RO, R1, #0

NEXT_1  LEA R1, TESTOUT
BACK 2  LDR RO, R1, #0

BRz  NEXT_2

JSR SUB_1

ADD  R1,"R1, #1
BRnzp BACK 2

NEXT_2
suB_1
K

STI RO, DDR
DSR .FILL XFEO4

DDR .FILL XFEO6
TESTOUT ~ .STRINGZ "ABC"

“END

9.19 BE—KAFUHE—EHENLC3HTN. HTiLZIFIRTIEERSRES, &
IAEREIN PR HRYGIOR &R, MRRKFMEHR, Hh—MREREAF
SR MBI R PWHRES (IRQ), £ RRBLC-3H 1% il % 7 3 INTCTL F fy 3¢ A bitd
WEA (INTCTLEYATEBR AT HAEHXFFO0) . INTCTL# 77 3% 09 F BALB AN FHUR. 434
Bea KRR, LC-3RUBBRT™EINTIH S, iR %5 B 2 A R4 & A RR 55
R, AARERARRAT &R S FRFLEIZR, MRREANRARMEZHIRQES, W
RARSER B S R, £ FRFNTERS, HPINTCTLA A BiF .

INT
FHURAAN B A TR M AL R BRIAT
HARDDISK ETHERNET PRINTER CDROM
Blgn, PSLBBAEIRE HTEIHL" WRIRS, Wk O AR 55 R 4 20 T 49 4- VAR AT
ENBUALE FRFF .

JSR PRINTER
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HBLERAN, WHEREH (a) ~ (k) LHIES, TREILCITWRE R,
RARMAFMTHR (b, RGBT, REAZEMREREHR).

(1) Hard disk;

(2) Ethernet card;

(3) Printer;

(4) CD-ROM,
RL,

oevo
o&vi
0BV
e @
END  coeseoseeeoeeeoo ()
INTCTL  .FILL  xFFOO
MASK8 LFILL %0008
MASKe FILL  x000
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FRAAIE, FA& TR TLCHESREHMNE., AT—% (B11E) Fih, RINHE
AERBROMR—CETRE. EEARTY, ROPHFE—LHE, ME—EXNEEQIEE.
fi stack), RN BIRMEALEN, RENMBRO=FAE: (1) FHEHIO0 (B2R.5%) &

—HAEARSHHE GBS AR FE, KBHR A ELROGIEMIERE) o (3) ZHHH
65'5ASCII+7«T$ZI’E?&']$§&§H& EX=ABFH, BRATARRT A “Ukili—#A" (tip of the
iceberg), HK b, MRAUHFIRYETEP HBEEKEEOBAL, RITME, HRIFLES X
AE ZORMFAS, B, TREBIHRA N BRTREL (RHRELF BT,

FHFARSHEEH (ISA) BOINE, BEH—EITR “HRSEH", S&—- A TROMA,
TR RATRRE RN,

101 BIWEXLEH
1011 FRMIEXL. &

FEA FEHIU ROLBE RIS T o, Rl SRS HRRMB — FRBRR Y “HR7 (stack) MIFEEHLAT. ARHL
HRILB kA 2. BR, ROERENMBOLLORS (MAZENXA). FR K" K
&, REFEOT AN, K" OELE: BREFANRHE, BEFE-THEGEN. ZRES5K G
SHMX B EER A, RIOFXHESA SFALD” & “LIFO (Last In First Out)”,

EEHHALOARERS, RATRRE—Fm 2 K€LY (Abstract Data Type, ADT), #4i%
B, REEXVRENAENSNRET (MARXAYX). Flin, FIOXPHEN BN
# (linked list), R —FriGRBIRET.

10.1.2 AALHAF

B, HEKTFD EWETHE (coin holder) g “&K” MI—ABIF. H—DHBMBAET,
BRRBGHARIET , TABRABETR, $HEEMOED X QEHEABEAT &,

E10-15777, REDHEMEIREITH, BIFEOHRWE0- 1057, BHEREMN. B
T — R ARIBH R, MR ARTSE S . IRANR BT, HE25KS (19954R9),
REVREERARME, WA, 5T EHH 5LH 0 E10- 16577,

1RAFRRIRS o5y
19954ERRARS X5y

AMIERE (%) DEA—KRZE OEAZRZIE ORHFRZ G
H10-1 —MERBIF—HF LTS
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AX W MEARMBRRE, RONEHEORIE. BA-STEN, ROKZH EA”
(push) + MIBX—A-TTHR, BAFFZH “#&” (pop),

BifR, B_BREEARRRIET, RRAURASETT, HETSES, IRUHEIK25%E
AEAETA: SERIB2EMSENET, RFR1998K, BK/FR1996H, I, WKL
HANE10-1cBTR, ELT = BRIEA BRI, RARSOES, FLARMET &RRHFK
25%5r, BAT—TRI996EN, B—RI9BEMN, 25, BHAMERAEMEI- 1R,

RITBEHERL A K", EBGE, SHALIFORN. FHHAMET, SRAKFE, &
BE—EN, BERK LEN, BERAGET, SEE— HEIGEN, FUARMETEE—/ M.

EI10-2R X MBI T, RAIIRZA “WH4" (hardware stack), EHIFTHEZ AR
EHARMELL. Ch—AFFSAR, BAFFBTUFEK—TH (clement), wE10-257RA
BlFd, AEHEANEHR. BY N TEREARBHN, RPXtbTEOE LB,
ki s Bt st [No |

1 1 T T
i 1 18 1
7 T 31 T
1 1 5 18

1111 | JOP 8 |JOP 12 |JOP 31 |JoP

amERE DEA—kZE VEAZRZE DFHFERZIE
E10-2 —AEESRME—HIBRABEBD
A10-2a51R, MR R AROTDIRL SRS — TR, RIFILFFEBIRIAS
TOP, filtn, B{HISHAEAK, MLRMEI0-205F, BijE, KKEARE3L, SF12, WIZHEm
B10-2cH7R, Fan, Mih#HBATE, WLERME10-2dp7R. BI0-250RMME 4, SEH
WK —H, H—IREERS: BREASSH—AHTE, RPHA TR ‘B,

10.1.3 AFHRIER

EEMITENARLS, BY RORERAS R mE 10350, R H—BUEENFERTI—4
FIFE (Rieet) 4R, BTIH “HA547 (stack pointer), R—MHE%, EMARR—/MEALE,
SREARFRRIT (RIBEBEARTTE). SMBEATHTE, ERFEAHBLEE 4
B R. ER, EARMHRRIEN, SPORORBEIEETRBY.

xaFFB( /11111 xaFF8 [ /11111 x3FFB[ 111111 xaFFB [ 111111
X3FFC| /11111 X3FFC| 111111 X3FFC| 12 |I% x3FFG| 12
X3FFD [ /11111 X3FFD [ 111111 X3FFD 5 X3FFD 5

X3FFE| /11111 X3FFE| //111] X3FFE 31 X3FFE 3t bed
X3FFF | /11111 "] X3FFF 18 |[I%® x3FFF 18 X3FFF 18

e
x4000 |6 [ arer_|Re x3FFC | R6 [ xerre_|Re
AR E DEA—KRZE OEAZRZIE DFHFERZE

103 —AERFESAMR—HIBREBATEESD
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F10-350R R AR MA R 4. HNTR 5 TEE (K/Ah%S) £ x3FFF-x3FFB, ##FBR6E
Hefidt.

o, E10-3afRRBEMAIZAR, E10-3bREAMISFAINIL, /S, aE10-3cHUR, £
FFEASIE3L, SMI2ZROMR, BF, mE10-3dFR, BAKTRHFTREONR, &
B, WATE (ESF12) EMECHHEE, KNA AT B 7ENTE(L Bx3FFDAIX3FFC, B, %
{ESFI2EAREB B, XA B A LB AT REEE AR SR i,

1LAAN .

B 10-3aB77R, ROHINZARZX4000, EIE—MRALE (Eihht) ZAT0—A R, ERBIK
BHERARZN. B10-357R Mk, #ithit (BASE) % Fx3FFF,

B, BRIVEA (PUSH) {18, & RmE10-3b51R, AigHEMMRRISEAME, B
x3FFF (7Ef§18/9(0 8 ), 18, #AEX3FFE, x3FFD, x3FFCFIX3FFBRINZIRHE BRH A, R
RIREHIE, ENHATHKREXY, Bl 13 A #Ei8 1E x3FFF~x 3FFBRY b 1k B %5 150 & 111,
Rl A% Rk Al

HITEH, EEA—MEBE, RigHEBR, REEMEFACHBILCE, M TFEMA
FAEEFHIFUR

PpUSH ADD  R6,R6,#-1
STR  RO,R6,#0

Sorb, AR S RITROMME AL, FiLl, MRIEI0-3680%, XA
28, ROBAERILESHRIAIS,

BiJR, BAH31, SHI2BE AR RKEARO, MR IS B, BENEARS.
TB103cHTR, R6 (HdEt) M4XOFFC, RO AN 12 RIF— B AR T,

2. 8

WREMRERE (POP) —A7i#, EABARISEHEOIMARRIENIE, AERME
fF, AT EA AR SIFFISR

.

POl LDR  RO,R6,#0
ADD  R6,R6,#1

b, MTUTERMEBHL, HEARO,

WE10-3cHR, ERKIITLL LIRS FRIZIE, BERMRERRHE, £R12, RELS,
RSB A H P AER B RR A T EAEN, NS KAPOPHMET, ROKEMNEA 2R N
Bl o

B 10-3dFTR R LR MIEIAT ZERAHIL, o, ROMAFRXIFFE (REYLARTITHER
31), ., WEHAEx3FFDFIXIFFCRIMA IR 12705, BR, hTxHRaEiasient, Rigdid
PUSHIEA . POPH#H, FiLL, *HXAatiEfviRiE, RESHEEIZHN, —DHBEEY. RITE
MBS “H B (stack protocol ),

3. FdE®

WA, MRRIBESRM PR =Ml SRAf? BT RRARAERHATE, Ll
FIREHBLT . B — AT R, #ER “T&” (underflow) M, £ FEAIHTH,
RATHHE L A x4000 5HEARE RA 2 FIRILLES, RERTRA “Til” R, K, x4000£4%
Z2ft, ROMIME, #RIAUNDERFLOWZR T MR fFiethtill . #51T/GHIPOPHEA RN F TR «

poP LD R1, EMPTY

aDD R2,R6,R1 ; Compare stack
BRz UNDERFLOW ; pointer with x4000
LDR RO, R6, #0
DD R6, R, #1
RET

EMPTY  .FILL  XC000 i EMPTY <-- -x4000
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{BR, 5HILRFEHIEEPOPT KN, Bki%EUNDERFLOWRF, Finit €k B2 HMA
BIF ORf T HRIEREENFESS).

HROBEL, FRFERTRDRAKROE
BIRFERLAH1E% D, mE10-457R, 7EPOPR
FEHORRR A, AR D R A IR RAERS

#4, POPERASEEE, WMARA @RS
LASRBIPOPHAT R & BT (AneAZh, R5=0, &N,
R5=1),

&, B TPOPRFH{E ARSIEFMITR.,
BiLk, RSEIRAZ (POPHITZAT) HE%. Bk,
XRER AR AFEISRIEA AT ZAT, RAFRSH
W&, BF9.LTHGMIAAHERESX.

FikEk2)E, POPRFUOTH~. HE,
RETH& 2 MMMAISEEM D", B mios maT “Fie REMPOPER
AR B R T AT S ML ZA MR, HINTPOPRFF

RO < @ HIIE

1
A

RS <-0

TR TR,
wr o msmerr
o mamem
B remeio
e
o RRn
o
eaturs hup  ms.sg0
ey
aere enn  cooo S ere et Setotn
4 ri

BRI, mRERZACHESBEAONRT, FERPEATE, SR&0A? BTFCERH
TREARZR, FILARMAGEEBRY “La” (overflow) MIFEE, Y4, @ LEREHAES
HIAx3FFB (4B 10-3F0R), RILAMBTRE KA “ L™, mRAMERE, WEskERERC TS
FHMTHRT. RIXOVERFLOWR “ Lid” ALERFFfRtaibht, WIES/5IPUSHE T AR

pusH 123 R1,MAX

ADD R2,R6,R1
BRz OVERFLOW
ADD R6,R6, #-1
STR RO, R6, #0

RET
JFILL  xC005 5

hax MAX <-- -x3FFBR

FIPOPRA—#, MRHRAEBIEFRFHITRE, HiEEBARFHCE, WEHHHZH
OVERFLOW T-BFEHE L.

BiLA, #A1ZERPUSHERFENITRIDZI, WHIEOFARS, KB ZHIIFIFARS, T,
PUSHEFBEfE, WARFELRERSHINE, BATHINPUSHRISITRT R (RS=0FTRI),
R5=1Fm7 %K)

FRER, HFRBATHEPUSHERIFOBITRE (RIIZKK). BLL, X XE—/EMA
ERFOBIF. BiER, HBERSFHEPUSHEFMITZAMNEZ R, HARFEEISRIESH
17201, RERSHINA .

R, RETZRTHIHE S B E T R0, LA RRR -t AT LA 4 L Z3R PR HIBTPUSH
BFORITRERITRT . PUSHEF QTR
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Pusk w o LW
A0 R2mem1
e Failure
b Re.me.-1
STR RO,R6, #0
mo RsRs. k0
Rt

Failure AND RS,RS5, #0
ADD RS, RS, #1
rer

ax TP1L xcoos ;WA <o -xorEs

10.1.4

@i FRFPOPHIPUSH, RAVFLLHSANTF L Bx3FFF~x3FFB, Hh—/ 4, @itn,
RH—MREEAK, REHIZREREAR, REHIT “ISR PUSH” HIFT, MR HANTE,
WithATISR POPHIR] (£5RFEROF ), MAH B BAMZE AL ES A/, ABERLARGHBASE

FIMAXHYE .

TEFEER 2, ROTEFEEE LY, {EPUSHAIPOPT-RFF 4, A TR1, R2FIRS
EEAFFES. AR LIEPUSHRPOPRFE B AMB S, TEBASEE M 2 BT £ BN
BB, MEEAGEAARFEOMNE., LRIFIR2AGG], K15 LA/EPUSHFIPOPT-R RN, 7
EREMNZARFEEN, ABEERHRRFZAKE EORIE. X5 RR SRS, 3
Hix#—%, HARFRTAEE TMEPUSHFIPOPHARIEF THRLHF 78, HI.LTHAEM “i
WRERE" HX. B, HFRIVALTE. ¥FkE, HARFHEIRSTRBARTRE
(BRIHBKM) . BiLA, RSHHIEMBRFNHRE (WREFRFNGT T H%EERRSFE),
B EAERE HR.

B IRAYPUSHAIPOPIEY, nf10-557%,

o1
02 ; subroutines for carrying out the PUSH and POP functions. This
03 ; program works with a stack consisting of memory locations x3FFF
04 ; (BASE) through x3FFB (MAX). R6 is the stack pointer.

o5

06 pop sT R2,Savez ; are needed by POP.

07 st R1,Savel

08 i BASE contains -x3FFF.

09 ; Rl contains -x4000.

oA ; Compare stack pointer to x4000.
oB ; Branch if stack is empty.
oc ; The actual *pop"

op 5 Adjust stack pointer.

oE

oF  PUSH ; Save registers that

10 ; are needed by PUSH.

1 ; MAX contains -x3FFB

12 ; Compare stack pointer to -x3FFB.
13 ranch if stack is full.
1 ; Adjust stack pointer.

15 i The actual "push"

16 success_exit i Restore original

17

18

19

1A fail_exit 73 R1,Savel estore original

1B m R2,Save2 ; register values.

1c AND  RS,RS,#0

i ADD  RS,RS,#1 i RS <-- failure.

18 RET

1F  BAsE FILL  xC001 ; BASE contains -x3FFF.

20 MAX LFILL  XCO0S

21 saver FILL  x0000

22 savez FILL _ x0000

E10-5 #&HHi
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10.2 FEFIREH/O (B _#B4)

ZAT, BAVES. LATINBT PHBHIOME — By WE. RiCH, ERAHAT, LES
FIERA 2 HIFT ARIFELDIFIBRIES £, EHFReady i By, MEFMBHI/OHAT, &
S AP AHLDIFBRIF LM E T HATRBIE. MR, ETLLHEHMEATRETE (MdhiT
KB, HHVOREBRME “BM&LF .

TR B /O BAER A5y

(1) RUFAEREHLA . EAMABIRE S R & T RKRHBIBOMRT, VOR&A&ML
R KPR .

(2) VORI MAERRRE S (HIhMTCERF).

8. STIFTA AR, Frif “hWiALERBRERESLED, SR K HINTIE SIS, ROVES,
AREADYF Wi (EREGLAVAL A, REHSH PWIHRESH, ROVLAER, RATEHNIHRES
HIRSES G T HATRITR AR RMME T, INTHSA A %K. mES-8FR, RIELER
BRI (RLE B R A ER IR ME LRI ). (R7E8.5Fieh, AR BUOKIE LKA
TEAF, SREANMBERERMBRIA, BE, RNCEITHROMIN, TUHENR
‘Wi EH0” T,

nPE8-6FR, /OMIREMMERBIFRE=HE.

(1) AR %5 B AP R o

(2) w95 BEAFEIBAT o

(3) ehMTAR 5 B FFAOE 1],

TEARKERE.

10.21 BRIFHIT

FIBAS.5Y5 K F8-8RIAT 43, Y—AMV/ORA&AMIMALE T HaTR TR, EERHINTESH
s, ACEEAERE, BEBRTE—£ES (AM) 25, BHERERTHFEINT,
ARBA , MBS T — RAFSHINIT, MRRMBINT, WEEHT—FIES0RR,

Seit, FFEARETATRORS T, LUSSIR/ORERREIRSRTF, BETHELHE: (1) #
FUABTRFORE, LMERFECEEFBEREN, RAYHOBFENT, (2) HRPWRY
BFOLERS, FETHIRRORS .

1LAZARSE

Fiif “BAFRE" (state of a program), RAFEBFSITHPRRROKRE, CRIELEFH
AFZAMERAHFFRONE, URENEEWH/FS. PCRPSREFH., HXPCHAER, MR
RELRBET, CEREMBT -RHERTHLFENAT L. PSREFS, BABE ‘48
BREFFR", AT HETRFHEXNEERFE. TEHEPSRHEFRIZE:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[» ] L [~ Jz]rlpsn
Priv

Priority condcodes

b, PSRUSIREBMIZZBRFMETHRA, i (BEAM) SARESR (A #R,
Bl “HRRR”, RIBERMAT, BFRsiia—8A BERThEGRE. RIOSESZ
BRI EEE L, PSRUOSIRFEERTRFMILARS] (priority level), MEDL
B, —ASEAERAS, PLO (BMK) ~PL7 (Beif). PSR[2:0)R&E £ #F, PSR[2] = N,
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PSR[1] =Z, PSR[0] =P,

2. AP HEAHRERS

R RFHHE—MES, RERFEASTRFORE, MEBVORENRMRES TR,
BFTLASEETT, R@IES, LALC-34H, RIMNFERFFPCHPSR, RIFPC, REA@BL ET
CASK S R B R T — R AEATIRS . RIFRAED, R 4S5 S8 o R (R 8 52 i A 1 B
8 REFWTHBRFORER, REDEREBTWRF S R FRLIBTRE, e
FE AT, FTREAH KRB R AR T, BUF TR RS WS RS
B, KRB A ERYT drh TR AT R R RTEE .

—BAERT, RIOVAABAFFBONEREH BERITFN . BAHRNTUURE HERES R
FEFHRENZE, &ARREFENMNE, FHIERE SR 2RI RIE.

LCI3NREBRRFMHFERRELE AN BHKFMKREAAF, ROFZH “BEA K"
(supervisor stack), ZAkZ LSRR TRIBFMEM, ¥L L, EMNLEANTEZEAMH Y,
SRESAPBFOAPREARMIMEN., FIARFMELR (Kigk) HRkER, 8%
AP, ARG EREA AT, RfERBEA P RER, ERAEKRT, RefERHA
Pzl B, EREMAFRT, AIHF%Saved SSPRISaved. USP4y §IF TR AF A kg4
HINE, B, SHUREE PO EIBA A BN, FEHR6MA B ASaved USP, 4
Ja#5Saved SSPHIN A 3 ARG,

XEREEWIRS BIFF 20, ROEEABE It IR, TPCHF BB I
BFHIPSRFFE BB EABERN 18 (AR ),

3. PR A A GREEAN

EHTERFORSERCHRLLTABRAPRZE, T—SNESWREATNRS R
FFRUPCTIPSRINZ . Fi AR 55 B 15 54 9% B AT MY TRAPRFRAANL., ENIMARBIMIRGET
FEMAFIER S, EIRSOERR S8R,

KEWACBBERM “XEFB" (vectored interrupt) W TIEH R, ETRAPIRSMIFIH, #k
FIZERBTRAPR RIS . ERMIHRT, VOREER MW, ¥ AL S 4538 —/8-bit
WRBE (LRPEHRESMGERER). ELNRERMRPWLBHOBRT, RERE
TATHREE T HERHMEE. RIOFZAHINTY, mRLPWBLEBEY, BHIZS-bit
MR (INTV) §RA—A16-bitfiphl, BRI RRRPHENRTBHE. BRSO
TRAPRBE, HAMTFL Atht £x0000~x00FF, A &BMIAER— M TRAPIR S BARIE
fatht. M, SRR BRANEERX0100~X01FF, &AFTEE MR hWiiR SRR
erhiphl, ShE BT RGN RRINTVIRALAZE (IR BRTMAZE) BAPC,

PSR#FFRMEALRMT: T EFSMSBRIES, BRATRS BIITIT, FLAPSRI2:01H9
WE I A0, TaH MRS B RSB TIZTHI, BTLAPSRIISIHEIRE 50, PSR[10:8]11 ¥
BEAPWERE (ANR%) MRER.

B, ERTEIRS EEIBB. 25, TLLETRERERFT .

4. FHR A

SR, PCELEHIR Wi IR 5 B AR MIIE, FILL T — NIRRT PR S BT,
BI/OR & KR IFAWMRSE T .

Bign, HAELC3Mfa R TR, BF Rl LEE. WS, hRadbcRiHE
RSB (XF A" (handler)) #HMIE (invoke), LHBFMELE, HREBEH
FRONEE NBNFEHEN IR,
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1022 FHEFHEE
R IR S RFEMRE, RPWEEHFSRTI, L08R BFRTHESH, BokHV/OREMINK

CBERK.

RTHES (H{EES41000) RIEESR, HPSRAPCHIAN A HEE A P4k, NEHENMHAL
BRFHERCE. BE, FBOEEKIABRFETNIOAE, MWREE, FHEMBRIES
BUREBAT T, FIFE, PSRIISIFIPSRII0OBIMAAMHEIKE (FRFIFRERS) » PCHEK
2, EREPWET T —RERTES.

B AR R AT RATBR P O R AL AT PR, XORFRUL, (it At R,

1023 GIF. HEHH
Bfa, BAVEL—DIF, ERAKXHWREVORLHE,
TRIRRFALERLT. X, VOREBRAWRIRS , HBHMERTTA, FHFHEMRS. M

FE/O% % B Wi R %5 BAF EFEIATH , & C b,
B 10-6FT R R BT 5 A (R LR B AT IR B

BEFA
X3000|
BRI B
6200 g mChyms R
AND x6202 x6300
x3006) ADD
x3010|
(R Jxeet0

H10-6 IR SHI/OR AT WA E
o, BFAMFAFIEEX3000~x3010, ZEHITx3006MIADDR AR, R#&BE H T Wik

5%, SBRRRFIMHINT=A,
4 A e 95 B P2 F x6200~x6210, x621040 RTIHRA . 24 BAY rh i i 95 B2 P 447 51
x6202(JANDH &1, R&CX KM AWIIER (MRAHNTRREXF2), BTFRECHRESRET
&#%&B, BLANTHXREA.,
14 CHYy I AR 55 B0 Fx6300~x6315, x63155bRRTIES .
ERNA—TFLBBORTER, BI0-TFFREHTFERG SRS, SRS RAPCHA

R,
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#51% &BRIPSR [— R6
x6203
FEFAPSR  [e— RE BFARIPSR
x3007 X3007
=— Saved.
ssP
pc[ xa006 | pc[  x6200 pc[  x6300
a) b) )
* R 18 & BRIPSR *f FE i & BAYPSR
x6203 6203
BIFAIPSR  |=— Re FFFARPSR
x3007 x3007
|=— saved.ssP
pc[  xe208 | pc[ 007 |

9 )
E10-7 MR H/OAT LB e IBR A P ALFIPCHY N ZT R B

Foeh, SbFE B MBATHUF 40T BT«

B 10-TafiR, RBRFAEIRRX3006ME 4 RIRIBSA PARFPCREM, H&, EPiRINY
Hedti ¥t R Saved SSP (i FRR6), B FULBHhUi MR R4, FLARCHTIZMMMIRRERA K. #
x3006#5 4 IATHIRIE, RMBINTES (L&BHHE), TR, BFANREHBEFESRA
Ptk (BRTRZ TG MER I, PILUEH L RTROMM A RFASaved USPHIR, HEH
Saved. SSPRIMZA ARG, Bi/E, PCHINZ (BFAMT 444 104k) x3007HE AR F k.
[F#, ADDH§4& 7=y & S FIPSRIS BB EA R P4k, BRJE, R&BIIHII R BIEHT
J&H16-bitfIx01F1, xOIFIFAZ (x6200) M3 APC, FH10-7bfi 72 Heht RIS Al FARFIPC
FERRE.

B BRI AR S5 B AFFF 46 PAT . 1EX620245 4 PfT AL i, AME A EHRERD
. Bi/E, Hhbx6203EA BRI kP, EREANTHBERFMPSRAZ (E&ANDH4A
FERAFDER) o X&CH RN RBWY RA16-bUHIX01F2, xO01F2HIAZE (x6300) BEA
PC, BE10-7cHimR MM IS A P RFPCHTF BRE.

BFCERITX6IISRTHES 2 )5, BEMA P RERKRE . —RKEBBFIOPSRAZE (]
R EX6202MANDHF & FiT= L MIAER), “RIKAPCHEBRNAZR (x6203), EI10-7dFiTR
MBS P AR RIPCEF B R A,

BEFMX6203F 4 A AT, HFIXG210MRTHEA 4K, MR RBRERHRR, KR
MRBFARPSRHFFBAE (&x30068LHADDIEA BT~ I K HID15B), LARPCHIERAY
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WA (x3007),
2JE, AFBRFABTEMAPEAT, HLARGHINE WifE ASaved SSP, EHEAMZ

Saved USPRINZ . P 10-TeBRA it HI8BE Fl P A FIPCH 17 88 R A
B5, BFFAMX3007RIE4 Fih, 4REEAT.

103 EFRHMARENH

10.3.1 REYIEH7FHE(ER
FEHREHERE (TAEEMEFS) RERIHELROFAE, BBRIWADDIES .

ADD  RO,RIR2

b, RUMR2ZEFIRIEH, HMAERIEARO, ZFLUMLC-3FM “3AIE" (three-
address machine), REAGEMHZ/RIERT CFEBERNIANBORER) SREARTRN.
T R AR AT SEALR , T80 B OB By o AR 1 A 9, B,

oD

BAIREAHLE A “BeABL™ (stack machine) 3 “FHbhLHLE" (zero-address machine), FEff:
BRIARHHRTBAIR 1 TC 24 ORR R, HEH BN, BHALU, ZRRoHNG: f R R,

TR LRI RIES, B AP, — B —KEA, i, FRMHR
fERERNREBRB AR, MARFENRA, EAMNSEREERK, &, 2. EARM
HEAR TS R MR, B CNATREFAA. ENAREAERRTRRARE
EAFOIEEERAEHIE S . TEHESmT “MEH™ (microarchitecture) MINZ, SEH4. S
HIHRMERES, FRERMESRE—-XFH. LC-3WLDRISTHH A 5 HE SPCMUXH
LD MDRZ A% A hantt, AN+, BFAABERTEN “HRITADD”, Tk nt
P E Rk,

EREHRT (ARREHOT), ERRERETREASRIELSE P ALRE
E, TARFFELC-3HRO-RTHFFH ). AEMMLEE (BHFELC3) BRAERFFESRY
K, MABHITHBEMNRARS K.

1032 BIF: WARZKR

RUHRER (4+4B) - (C+D) WI&R, KA =25 B=7, C=3, D=2, HRLERHFA
E, mRLC3AERIEHS (AMUL), WIHHHER o F il REFR:

LD ROA

R1,B
ADD  RO,RO,R1

Rr2,C
b R3,D

ADD  R2,R2,R3
MUL  RO,R0,R2

ST Ro,E
TR iR, W7 a0 TSR IEENT .

(1) push 25

(2)  push 17
(3)  add

(4)  push 3
(5)  push 2
(6)  add

(1) multiply
(®  pop E

BEH ORI RER, 01210, E10-857 7RSS B —SHRIEZ ERRRE,
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/1711_] x3FFB /1171 x3FFB
1171/ _| x3FFC /1111 | x3FFC
11711_| x3FFD 11111_| x3FFD
11111_| x3FFE 11111 x3FFE
11111_| x3FFF 25 | xaFFF

et XGFFF_| Hiftt
aZ Rl DE—KEAZE
1171/ ] x3FFB /1111 x3FFB

X3FFC 11111_] x3FFC
11111 __| x3FFD 11117_| x3FFD

X3FFE [ 3 | xarre

et At

DB — KM ZIE

2 |

]
[ 2 |

it Ll

OB KMk Z R WL 2 DI
FEH10-8 HHQ5+17) - G+2HIER A kA G RN 5
EI05YH, BRIMERE—ALCIBF, ERRABR—MUAE (HHRANDTRE), R
IBLEANLC38F “Mi” TR,
B, BRIVEEREUTRBUUP, S RA&FE TR N TR,

10.3.3 . RARE

FEI0STRIHE B BB, ROVTLIRAME, KB, 8. RERIE, HTRRIHLER.
HUATIN, W, RBH, BIIBEINTRE:

(1) e HARTRHH OB MIE AR, ARG R Bl .

(2) e: FHRTAML AP RIAR, REHERER K,

(3) MEHME: HRTTERS, HHRRE GMEHR), REHERERR,

1. paikiE N

B 10-9FT R R ik 2 A MR E . BRI, SEiREMRTIRHA A i, R R IhRAEm,
IR RETHRETEE (-999~+999), MHFLEREAR,

ARREE R AR —RENTERA/INT2, —RHALSEAHRATEE,. B,
FERFHWRT, BRRKEBSHATRE, HERSHIAFHM (RENGTEK), REER
VREF. mMREINTHEOBHBREY, REETE (EAHPOPRANHNR)  MELB2MT
FMHRB, AL BB — MR (IS0 THAA B HMEEER) , mRERFOH
RERBHTEE, WA ERFA R ORISR E &),
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E10-9 fnikE Wi E

B 10- 10577 & ik 2 WA FF .
o

02 Routine to pop the top two elements from the stack,

03 add them, and push the sum onto the stack. RS is

04 the stack pointer.

05

06 Jsr poP Get first source operand.
07 ADD  RS,RS,#0 ; Test if POP was successful.
08 BRp Exit Branch if not successful.
09 ADD  R1,RO,#0

oA JsR POP

o8 ADD  RS,RS,#0

oc BRp  Restorel Not successful, put back first.
op ADD  RO,RO,RL THE Add.

oE JSR RangeCheck i Check size of result.

oF BRp  Restore2

10 asr PUSH

11 RET

12 Restorez ADD  R6,R6,#-1 Decrement stack pointer.

13 Restorel ADD R6,R6, #-1 ; Decrement stack pointer.

14 EBxit RET

A10-10 fmikE®
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Kb, EZHEMATREEERE (RangeCheck) E¥, LIRIEZLREMREAH R LM
—ABITR BATEBIERTEEEH—999~+999, LBFCEM, FE10.547H 58 & AT %R
AT . BI0-UFTREMEEEREM RS, 3 RALC-3FF 4 10-1257R,

BH10-11 FEM 7 R M Bk o 72

o
0z Routine to check that the magnitude of a value is
[E between -999 and +999.

0

05 RangeCheck LD RS, Neg999

06 ADD R4,RO,R5 ; Recall that RO contains the
07 BRp BadRange ; result being checked.

08 2 RS, P08999

09 apD R4,R0,RS

on BRn BadRange

0B AND RS,R5,#0 ; RS <-- success

oc RET

op  BadRange sT R7,Save  ; R7 is needed by TRAP/RET.
oE LEA RO, RangeErrorMeg

oF TRAP x22 ; Output character string
10 o R7,Save

1 AND RS, RS, #0

12 ADD RS,RS,#1 ; RS <-- failure

13 RET

14 Neg9ss LFILL #-999

15 Pos999 LPILL 4999

16 Save LFILL %0000

17  RangeErrorMeg .FILL X000A

18 .STRINGZ "Error: Number is out of range."

E10-12 TEHBRERSF

2. KikiE N

B 10- 13577 R etk B WA, HPRLC3BAFME10-145 %, RMEEE—#, Fik
BRREMEERHFEME, mRRBVER. AR, HTFLCIFAERERS, HURNER
FALARTRYM %, BB —E R AR R KRR, MEI0-1450R, f717~19RKAREMHRD,
BE, mRUHREREAZEEN, WHEEAK.,

Jerb, R F A AR E— A kB, WEITARAEEE IR, 4 S AR ME R B o
P HERGHTHREE, WmZii—#, MRIREL (FRRITRH), HERieBkm
W, LAHRA BRI BB B A%



S

St — A

H10-13 RnEHARRE

3. RAEN

Z RN MR AR, MR TR TRATER. MR RTF A TR BRI R
5, MABEEREA D, BRTTESRYEN PR, REEHRTMEIET. ROiER, B
AT E DA, R ATENB. RITHBHHMRATIB, EAWRB-A, H2, RITLL
S RTTRARR , AEFRINEER.

P 10-15F R R AR HRIVBR Fdk (OpNeg),
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o1 7
02 ;  Algorithm to pop two values from the stack, multiply them,
03 ; and if their product is within the acceptable range, push
04 ;  the result onto the stack. R is stack pointer
05 ;
06 OpMult AND  R3,R3,#0 ; R3 holds sign of multiplier.
07 JSR POP ; Get first source from stack.
o8 ADD  R5,R5,#0 } Test for successful POP.
05 BRp  Exit ; Failure
oa ADD  R1,RO,#0 ; Make room for next POP.
08 JsR  POP ; Get second source operand.
oc ADD  RS,RS,#0 i Test for successful POP.
oD BRp  Restorel ; Failure; restore first POP.
oE ADD  R2,R0,#0 } Moves multiplier, tests sign.
oF BRzp PosMultiplier
10 ADD  R3,R3,#1 ; Sets FLAG: Multiplier is neg.
1 NOT  R2,R2
12 ADD  R2,R2,#1 ; R2 contains - (multiplier).
13 PosMultiplier AND  RO,RO,#0 i Clear product register.
1 ADD  R2,R2,#0
15 BRz  Pushiult ; multiplier = 0, Dome.
6
17 MultLoop ADD  RO,RO,R1 ; THE actual *multiply®
18 ADD  R2,R2,#-1 ; Iteration Control
15 BRp  MultLoop
1’
18 JSR RangeCheck
c ADD  RS,RS,#0 ; RS contains success/failure.
1D BRp  Restore2
E
1P ADD  R3,R3,#0 i Test for negative multiplier.
20 BRz  PushMult
2 NOT  RO,RO 5 Adjust for
22 ADD  RO,RO,#1 i sign of result.
23 pushMult JSR  PUSH ; Push product on the stack.
2 RET
25 Restorez ADD  R6,R6,#-1 ; Adjust stack pointer.
26 Restorel ADD  R6,R6,#-1 ; Adjust stack pointer.
27 Exit RET
E10-14 REEHHBR
01" Algorithm to pop the top of the .
ﬂ; ? and push the result onte the u:u::?‘:k’ form ite negative,
03
o%  Opteg fes poe 5 Get the source operand.
o /R5.#0 ; Test for successful pop
o BRp Bxi i Branch if failure.
7 NoT  RO,R0
:: ;:: :3:9,»1 : 5::: the negative of source.
on Exit  hen i Push result onto the stack.

W10-15 MEER

10.4 MR RIL R

ARBBRBMIHE, RBACKHOBN T BT EME SHRERTY, QEGLERT
WIS B, WHEF M “2M0A", SEHRERIET I 16-bit RGN, FHEHIR AT AN,
ARS8 A B0 11 154 08 4 4 R RO A S CIIG,

HFEFES, WRNFRERNOBBRYWERERIEN BEN, b, ADDELFHEE
RIRIEMRANDIE AR B, TnRBALURGT SRR, WIS RLRRTERELA,

ERBBEET, LTERBRIA = R + 0354, HPRRETAK, IRFILEY,

IFRAEIRI SR BAT, WERAFIE. HRYox AR, REEERINERERTY (2
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HIRND) SHh R IERTERIAT (AR,

FELC-3, A X HM IR T, RN RBIEA SN B, MAMBASCIFHH,
BEEHRBASH, WLAEHEEBHMNDEE. MEHE— MBI R R
k. WX EERHEHBAASCUFHH,

FEANTR, BRI GBI ASCIIFFF R E R o B8 2 RS R 1,

1041 —MERERMHF. 2+3=¢

E10-165T R R MR E R A GI T (ESEM, MRFESKEMERELY, WEF4m
THI— L,

01 TRAP  x23 7 Input from the keyboard
02 ADD  R1,RO0,#0  ; Make room for another input.
03 TRAP x23 i Input another character.

04 ADD  RO,RL,RO  ; Add the two inputs.

05 TRAP  x21 ; Display result on the monitor.

06 TRAP  x25 i Halt.
1016 ik IR AR N%

Hob, BERNBZABEEZARNY, Kehm, FHEREREREL, RIFLH, &N
FRES S HME 10-16FRMIRID, MRHTEANBA, HREMFAR?

RIEE—TRMAR2, BAMARS. KA, BRELHN, BRERTHEIA? RA2SF,
RO AHIR209ASCIIG (H1x0032) 4 #A3JE, ROMIMZARZIMASCUEG (HIx0033). RRI5, fusk
HEL BRI REX00325x0033 271 (BIL5RHAx0065), BK/5, HiZEREFEFREL, HTASCIG
x0065RE/NGFE “e”, FLLFHERRH “e.

At LRRSH243MERIE? RER: (1) EUHHEZA, BEERTRATHNASCIBE S
bR, (2) FERHBIRREZAT, BAREREBHASCIE,

BAM. BUMEI0-165URMBRF, EERERNKTHA ML ERKAMEM, HHEH—41
{C IR, BIRABHE AT RS (RAHE) .

10.4.2 ASCI/= i
A BHRER S A HAOFORFG . B 10-17FRRERAASCIRE R = “295" MHR. #

H, RAIBEASCHER R KR, #=AMFEFRLELC-3NF R — ASCIBUFF
ASCIBUFFRZ#HI =/ Sl . RIIZFAIRZASCIIBUFR A
Tk AR X008
Hoh, ASCUSFFARSE f 5 T —/MLC-3% (16-bit) fzsiil, x0035
Y8R, RAOTTLL (BE%) iEEANASCIFHFERA—AF1 (8-bit)

WA, R, BEILNE, RIS TSRS T—1ASCI
BIO-ISFRRAASCIR (MBI0-THR) Sl o

WRERRE, Jof, ASCURZTHIMTEH L ARO-+19992 ], )

fidieiont Rt EEBA A1)
EERET, ROGKCREMRT, ¥ THEENT, I b 7

MR EA G, R, CUXERSIHENREERE CRROKEARABE, o

LookUp10, Lookupl00), #/MAMIAIE R 10 MFRERIMIE. AF, HEMMIERMARO,

BRI,
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R4 <— /il

RO <— RO + R4

R1<—R1-1

Ré<— EfrH
RO <— RO + 100 * R4
F10-18 #ASCIFDE (L h — d MM R ik kR E
10- 195 7R KR SILCSREF,

T
02 ; This algorithm takes an ASCII string of three decimal digits and
03 i converts it into a binary number. RO is used to collect the result.
04 i Rl keeps track of how many digits are left to process. ASCIIBUFF
05 ; contains the most significant digit in the ASCII string.
“
07  ASCIItoBinary AND RO, RO, #0 i RO will be used for our result.
08 ADD R1,R1, #0 Test number of digits.
09 BRz DoneAtoB i There are no digits.
o
o8 D R3,NegASCIIOffset ; R3 gets xFFDO, i.e., -x0030.
ac i Rascieure

E10-19 AASCIRSE| 5 il ok 72 i
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#

[ AOD R2,RZ,R1
[J:] ADD R2,R2,#-1 i R2 now points to "ones" digit.
oF
10 LR R4,R2Z,H0 i Re <-- "ones® digit
n ADD  Rd,Ré.R3 ; Strip off the ASCII template.
12 ADD  RO,RO.R& i Add ones contribution
B
1 ADD  RLRL#-1
15 BRz DoneAtoB ; The original number had one digit.
16 ADD R2,R2,#-1 ; R2 now points to "tens" digit.
FE
18 LDR R4,R2, #0 i R4 <-- "tens" digit
19 ADD R4,R4,R3 i Strip off ASCII template.
1A LEA RS, LookUp10 i LookUpl0 is BASE of tens values.
1 ap  Rs,RS,Re } RS points to the right tens value.
1 LOR  R4,RS,H0
1D ADD RO,RO,R4 ; Add tens contribution to total.
E
1 ADD  RIRL#-1
20 BRz DoneAtoB ; The original number had two digits.
2 ADD  R2,R2,#-1  ; R2 now points to "hundreds digit.
2
23 LDR  R4,R2,#0 ; R4 <-- "hundreds" digit
24 ADD R4,R4,R3 i Strip off ASCII template.
25 LEA  RS,LookUp100 ; LookUpl00 is hundreds BASE.
26 AOD  RS,RS,Re i RS points to hundreds value.
27 LR R4.RS,HO
28 ADD  RO,RO.Re ; Add hundreds contribution to total.
29
A Donentop RET
2B NegASCIIOffset .FILL XFFDO
2 ASCIIBUFF BLKM 4
2D Lookup1o FILL #0
26 FILL #10
2F FILL #20
30 FILL #30
31 FILL  #40
32 FILL #50
n FILL #60
31 FILL #70
35 FILL #80
36 FILL #90
7
38 LookUp100 FILL #0
33 FILL #100
a FILL  #200
I FILL #300
3c FILL #400
3D FILL #500
e FILL #600
3F FILL #700
0 FILL #800
a1 _PILL #9500

10-19 MASCIESE HHIRHHRERF (8)

B (A EEARROEE) . B ESRNKEREERRN. Ba, ROFAREAT
(R SRR ERR, BEAT. FHUSHFERE—NIONRANERE, LHAFZRE
MERAKT. HRit— Rk, BEIHREERRRTLATHER, 20141020,

10.4.3 ZHtHI/ASCIIHE K

MR, #HDEEHESAHASCIFHOAEN LE, Sl REREREL, EI0-205 7L
B EE, K, ROFEMARGHBIOMNEEY, HE5IASCIIFT & F X EASCIIBUFF
RHRANEEN TR, RO A ATEE R —999~+999, HbhtASCIIBUFFEL & RIR IXBIEN S
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58, BHRH=Athksy SI% R =8 F .

[T

03 integer within the range -999 to +999 and converts it into an ASCIT
04 ; string consisting of a sign digit, followed by three decimal digits.
05 ; RO contains the initial value being converted.

06 i

07 BinarytoASCII LEA RI1,ASCIIBUFF ; Rl points to string being generated.
o8 ADD  RO,RO,#0 ; RO contains the binary value.

09 BRn  NegSign :

oa LD  R2,ASCIIplus ; First store the ASCII plus sign.
0B STR  R2,R1,#0

oc BRzp Begin100

0D Negsign LD  R2,ASCIIminus ; Pirst store ASCII minus sign.

oE STR  R2,R1,40

oF NOT  RO,RO ; Convert the number to absolute

10 ADD  RO,RO,#1 i value; it is easier to work with
o

12 Begini00 LD  R2,ASCIIoffset ; Prepare for "hundreds" digit.
13

14 LD R3,Neglo0  ; Determine the hundreds digit.

15 Loop10o ADD  RO,RO,R3

16 BRa  End100

17 ADD  R2,R2,#1

18 BRnzp Loop100

1

1A End100 STR  R2,R1,#1 ; Store ASCII code for hundreds digit.
18 D R3,Pos100

1c ADD  RO,RO,R3 ; Correct RO for one-too-many subtracts.
o

1E LD . R2,ASCIToffset ; Prepare for "tems” digit.
1

20 Beginio LD R3,Neglo ; Determine the tems digit.

21 Looplo ADD  RO,RO,R3

22 BRn  Endl0

23 ADD  R2,R2,41

2 BRnzp Loopl0

25

26 Endio STR  R2,R1,#2 ; Store ASCII code for tens digit.

27 ADD  RO,RO,#10 ; Correct RO for one-too-many subtracts.
29 Beginl LD R2,ASCIIoffset ; Prepare for "ones" digit.

2a ADD  R2,R2,RO

28 SR R2,R1,#3

2c RET

D

28 AsCIIplus LFILL x002B

2F  ASCIIminus FILL x002D

30 ASCIToffset  .FILL x0030

31 Negloo LFILL xFFSC

32 Posi00 .FILL x0064

33 Neglo .FILL xFFF6

F10-20 M I EI ASCIIEDHY 44 e B2

EHEMTEREM TR, §k, HMZBOTS, HEFHDMFMIASCIIG, RfFE, HRO
MRS RAEE, 2/, WRONEREMI00, HEHRE (HIME LR TF), Rt
WIR106L LRIBF. BER TR KT,

BAA: EERSET, TR 28E, RREROR - MFRROFEHS, BTRIT—1
Wik, ZRALEHFH (MATHH 07 K “+7). SRE10.22,

10.5 U+

FROBSE, R—MEEROOT . BHITRSE. ZHRUEEHF, RESXFBRIIR
FOELHMIA. R, BOEXMFH, SRR —A 5 ER SRR RS G, ML
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ZRTAOARLE 12 A BT, BRI B RA S, XM IHHSBIRF, AU HLRIN
B, BNFRBELBNENFRRRIEST ZH, ZoERA0F.

HHBOTHESRR: @dRARA TEHERERS, ARHLARUERTEL, B
ABRR IR 10295 A BEIRHLE] . 565 A FOd ) B ABBR A H3 0, BI-999~+999 (4%
—999711+999) . TERANMM M B, RUFHIBRIER S 0.

X
D
Cc
+

SBHIHLEE

BrARTAL# .

HERAFIH T,
FHRTARI P TTFRA, HE AT,
FRTUR A TR, HR AT,
HARTTHERK .

Enter H# S AT IE AR,
E10-215T R R B R E AR E . A SR FOFGRMALTE, Lhafkik
HRARERG, [tk ARBHERBRTAIBA.

AR (LE10-27)

ImakdRit (RE10-10)

FeikhiE (RE10-14)

BURHfE (RLE10-15)

27 (LE10-24)
HBIEASCURB

R PR

E10-21 HEBHHER




186 £FI10F

B, BPRBMASEER (echo), R, HHIBHMHA/HEMAA. HRBBHUSH
R A A TR RIE, AERTHPRAT A &4, SUBTHaLES, 3
PHA X7, FORE RIS,

B EBBIE G UARFER,. BI10-250RRERF, BI10-23F0RBFESREMAF
MARASCIFR (%F) Hich IR, REEAK, EI10-1957RREASCIEE “#HilRin
B, WE10-260RMBF, MRTEH—Mt#, HFHARKRAASCIFHE, MHERT
&, E10-2050m R RIS FEASCIRMEHARF, wE10-10 (OpAdd), FE10-14 (OpMult) F1
B10-15 (OpNeg) FiRHIBEAT, WM TR GBI % FEAZHY &%, ME10-24f0E10-25
FORRIRRFF, 5y BIR A B E BPOPHIPUSHERY , BUGR MM 10- 27 R RiE Z B

01
02 The Calculator, Main Algorithm

03

04 LEA R6,StackBase ; Initialize the stack.
o5 ADD R6,R6,#1 ; R6 is stack pointer.
06 LEA RO, PromptMsg

07 'S

08 GETC

09 o

oA

0B ; Check the command

oc

0D Test LD R1,NegX 5 Check for X.

oE ADD R1,R1,RO

oF BRz Exit

0

11 13 R1,NegC i Check for C.

12 ADD R1,R1,RO

13 BRz opClear i See Figure 10.27.
u

15 0 R1,NegPlus  ; Check for +

16 ADD RL,R1,RO

17 BRz OpAdd 5 See Figure 10.10.
18

19 1 R1,NegMult  ; Check for +

1A ADD R1,R1,RO

18 BRz OpMult ; See Figure 10.14.
i

1D o R1,NegMinus ; Check for -

1B ADD R1,R1,RO

1F BRz OpNeg ; See Figure 10.15.
20

21 LD R1,NegD i Check for D

22 ADD R1,R1,R0

23 BRz OpDisplay ; See Figure 10.24.
24

25 ; Then we must be entering an integer

26 ;

27 BRnzp PushValue ; See Figure 10.23.
28 °

29 NewCommand LEA RO, PromptMsg

2A PUTS

28 GETC

2c out

2p BRnzp  Test

2 Exi HALT

2F  PromptMsg .FILL _ X000A

30 .STRINGZ “Enter a command:"

31 Negx FILL  xFFAS

32 NegC LFILL XFFBD

33 NegPlus LFILL XFFD5

34 NegMinus  .FILL  xFFD3

35 NegMult CFILL  xFFD6

36 NegD FILL  xFFBC

E10-22 HRBHERF



01 ; This algorithm takes a sequence of ASCII digits typed by the user,
02 ; converts it into a binary value by calling the ASCIItoBinary

03 ; subroutine, and pushes the binary value onto the stack.

04 ;

05 PushValue LEA R1,ASCIIBUFF ; R1 points to string being
06 LD R2,MaxDigits ; generated

07

08 ValueLoop oD R3,RO,xFFF6  ; Test for carriage return.
05 BRz GoodInput

oA 'ADD R2,R2, #

o8 BRz ToolargeLnput

oc ADD R2,R2,#-1 i Still room for more digits.
oD STR RO,R1, #0 ; Store last character read.
o8 ADD RLR1, 41

oF GeTC

10 our ; Echo it.

1 BRnzp  ValueLoop

12

13 GoodInput LEA R2,ASCIIBUFF

1 NoT R2,R2

15 oD R2R2,#1

16 ADD R1,R1,R2 i R1 now contains no. of char.
17 asr ASCITtoinary

18 Jsr =

19 BRnzp  NewCommand

wo

1B TooLargelnput GETC ; Spin until carriage return.
1c our

b ADD R3, R0, XFFF6

18 BRnp TooLargeInput

1F LEA RO, TooManyDigits

20 puTS

21 BRnzp  NewCommand

22 TooManyDigits  .FILL _ x000A

23 {STRINGZ *Too many digite"

24 maxpigits FILL x0003

B10-23 i+ 2% AYPushValue B

oty HEXBRIFRESME0- 28RO ERFERA TIE, BEMEH REMHER. Fim,
OpAdd, OpMultFIOpNeg¥BFFIIER, M ER A TI§4 (FIFARRETHS).

BRnzp NewCommand

Sesbh, HRERAR (label) 7ERMRAHAMELIY, MEXETRFBLEBITHN, Hixt
FRAFFHARISY EXTERNALR S (R9.2.541), MI7ESAFR ¥ oh (8 I AR R AL A IR
1R, s ERFREHRED— B, WHRHELET YN, FUL, EXHERT, &

TILFH A — LRI RH 4 (dRestorel, Restore2, Save%), LURUEENIAIE—1E,
o1 This algorithm POPs a value from the stack and puts it in
02 RO before returning to the calling program. RS is used
0 report success (RS = 0) or failure (RS = 1) of the POP operation.
o4 pop LEA  RO,StackBase
o5 NoT  RO,RO
06 ADD  RO.RO,#1 i RO = -(addr.ofStackBase -1)
07 ADD  RO,RO,R6 i RS = StackPointer
08 BRz  Underflow
09 LR RO,R6,#0 J The actual Pop
0 ADD  R6.Rs,#1 i Adjust StackPointer
08 AND  RS.RS.#0 ; RS <-- success
oc RET
0D Underflow st R7,Save ; TRAP/RET needs R7.
oE LEA  RO,UnderflowMsg
oF puTS ; Print error message.
10 0 R7, Save ; Restore R7.
1 AND  RS.RS,#0
12 ADD  RS.RS,#1 i RS <-- failure
13 RET

1024 HEBMPOPRA:

© [EHFIALS “Figure 10177, 4 LFX, HALHILE “B10-22", —F&E
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T Save TFTEL %0000
15 stackMax L 5
16 Stackpase PILL  x0000
17  UnderflowMsg JFILL  x000A
18 _STRINGZ "Brror: Too Few Values on the Stack."
M10-24 HHHBHPOPRFF (5)
01 ; This algorithm PUSHes on the stack the value stored in RO.
02 ; RS is used to report success (RS = 0) or failure (RS = 1) of
03 i the PUSH operation.
04 ;
05  PUSH ST R1,Savel ; Rl is needed by this routine.
06 LEA  R1,StackMax
07 NoT  RILR1
08 ADD R1,R1,#1 i Rl = - addr. of StackMax
09 ADD  R1,R1R6 } R6 = stackpointer
oA BRz  Overflow
0B ADD R6,R6, #-1 ; Adjust StackPointer for PUSH.
oc STR RO,R6, #0 ; The actual PUS
oo BRnzp  Success_exit
OE  Overflow sT R7,Save
OF LEA RO, OverflowMsg
10 PUTS
1 I R7,Save
12 D R1, Savel  ; Restore RL.
13 AND RS, RS, #0
1 ADD  RS.RS,#1 i RS <-- failure
15 RET
16 Success_exit LD R1,Savel ; Restore RI.
17 AND  RS.RS,#O i RS <-- success
18 RET
19 save FILL 0000
1n  savel %0000
15 Overflowwsg | STAINGZ "Beror: Stack is Full.”
1025 HEBHPUSHAF
01 ; This alguril:hm calls BinarytoASCII to convert the 2‘s complement
02 ; number on the top of the stack into an ASCII character string, and
03 ; then calls PUTS to dup:-y that number on the scre:
04 OpDisplay  JSR i RO gets the value to be displayed.
05 ADD %885, 40
06 BRp NewCommand ; POP failed, nothing on the stack.
07 JsR BinarytoASCIT
08 LD RO, NewlineChar
09 our
oa LEA RO, ASCITBUF®
o8 puTS
oc ADD R6,R6,#-1 ; Push displayed number back on stack.
o BRnzp iewCommand
0E NewlineChar .FILL X000A
H10-26 HHH BN BREF
01 ]
02 ; This routine clears the stack by resetting the stack pointer (R6).
0o
04 OpClear LEA Ré,Stacksase ; Initialize the stack.
05 ADD R6,R6, #1 i R6 is stack pointer.
06 BRnzp NewCommand

A10-27 OpClearf FF

10.6 3@

101 HHBRAIE L, RkR ERHE.
102 RELEME10-3FRRISEBURE!, ML 1025 RMBE, EH{tAkR?
103 BERAELC-3154 4T PushFiPopFi i 4. e, Push RnfyfE & R4 %1 &nty

WAEHEAR, Pop RufIfESs MR TAZH H A FBIAAR

TFEFRELC-3MNH

B[RO EMIE, BTG BIRMEMIERSBAT “ 2817 1 “ZF" MR, WL
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10.6
10.7
108

10.9

10.10

10.11

10.12

10.13

10.14

10.15

B REAEIES, REHSHIRES (2) ~ (d) BNE,

BEFORE AFTER
RO x0000 PUSH R4 RO 1111
RI X111 PUSH () RI 1111
R2 x2222 POP (b RO x3333
R3 x3333 PUSH (c) R3 x3333
R4 x4444 POP R2 R4 xddd4
RS x5555 POP (d) RS x5555
R6 X666 R6 X6666
R7 x7777 R7 x4444

RGE —MRIRIER B—peek, Peekityfk AR RBURTITEMINE, EHTHEH .
Be5h, PeekiB R AAMM TR HHRE. ChftATM LusthiRER? )
ARt A 10-25RIORME, FIZELRE LE AT d HER? X E SPUSHAIPOP
B, KHNE 0250 RAVREE (BN HRMRIEERH 5| R 5T BIBAIB3Y) .
R ESPUSHFIPOPRY, kBN TRL AW AFLE,
RESPUSHAIPOPR ¥, (ERTTHEMA/NTUURIERKE.
RO AHATLL FRIE, B

PUSH A, PUSH B, POP, PUSH C, PUSH D, POP, PUSH E, POP, POP, PUSH F
a. PUSH P72 /5, KRR 47
b. AR BT RAMTHERS? BITALEITFG, SERATUUT R

PUSH G,PUSH H,PUSH I,PUSH J,POP,PUSH K,POP,POP,POP,PUSH L,POP,POP,PUSH M
c. B4, BERPHATRTA?
AR RRAR” HR—BTE, ENRREAKNFETE, HHEEARNEF
HEF. FIRE, RATH RMBRHE" & OB AR BT TTH.
RIRAESIE10.84, MAFR “ABCDEFGHUKLM”, iRl
a. SE108 MRt 4 ($5%: BDE-) ?
b. FEBEMARA “ZYXWVUTSR”, R%S—/1-HPUSHRIPOPHLEMMRIEFF, E3L4H
HikH “YXVUWZSRT”,
c IMBHWARNS “ZYXW", EA £ FA RIS H R R
FERI AR S R BB B, KGN, ZRPHRFREMRFR, RAHEF, WHER
RIFFMOMRT, KREMFLHIR,
WA, 7E10.2.3WFRIIGITFH, Hhbx6200f0x6300/ AR R 27 BITRFANEXML
Htk (structure) WIFLREDSY, WA MXAMEREMAT (T BERAI).
TRERATH10.2.3F MBI FM— A5 R, (1% CHI R AR %5 B £ TX63 1085 4B,
RE—NREREHIFE (%&D). BRIk, REDMBARREF, FHHKRSEF
TEHpAEX6400~x641250, KA HBFHITHERT, & X AMRANEMPCHEE,
BRIESIE10.12¢0, EADIR AR TIREC, Hl Fix&B, WEFHOBRIZT, EHE
B E10. 1289 ()8 .
RAS— MMM TR “RABA” FWIRS B ENFZx4000~x40FES il —
AR, ETWLERFS, AT -MAFH, FBEEAT-IREEML. NF
x40FFHIN A RAEM B T— A A iest. mREFCH (ENRAEx4OFEEFAF
75), MFEFH EATENE: “Character cannot be accepted; input buffer full.”
BEMCIEI0. 145 R AR S Ry, HAH R T B REEERB%LENTL
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#£10#

10.16

10.17

10.18

10.19

10.20

10.21

10.22

10.23

$Ex4000~x40FC2 8], A% x4OFF(4 R0 SA7 o T — /"1 MG BAYMbkE . Mix40FEREHY
RAAF AL, x4OFDESMREEHFHONE. HOBFTLUMRTF HEERET
. RN TERBESAWCERES: Rx NFFEMIEE (BANEHFRRIALER),
THZEXAOFCHE 5 .25, F— A FTHFCRIMALBRE 54000, FIKE, RIEHT 2, KRS
FRFNI7E R L4TED . “Character cannot be accepted; input buffer full.”
CAZIEI10.15F (SRR RITAR S B %, CAR—EENRFRBGEFHFNRF DR, K
A, ER—B%), PHRSRYEEHTFHEART, AM—TBFEERRERF, B
FEFEN LI, REFEM2RE?

RAECHIES, #REI10-14P5ROREOPMultyy TIEHBAE B, LT BB IEL R
TTELEIRL? URBnABBRAZER, 2&: MBR—KELSERTSK, RITBE
EWT TSRS, RAS—MEF, mRRBME/NTF25, WEEREDIESERTRIZ
Tk, AHEMABESH.

REEKE10- 165 RMRAF, E@ETLAR2AMIESSHM, HitRH— AR ER
BEER, Hrb, RIZFHALIERBARMAILE Rt (L EB%

RS 10- 165 RIORF, RITMARFEHRRMHAHHESS, HXHEA BRI
Rt AN HEHIE SR

B 10-1951 R & — N M ASCIIFFF i e IR, R TAMBOAETKE, X
ATy, FUBTFOREERERTAEN. Bt —HEAANEREE,

B 10-19F1 7R — S ASCIFF S e b it WM ik MY RIZARED, (ERTUH
ASCHFFFORH AR SIS B %, Kb, mR—MEFHRES X7, Wik
ARHEASCUFH (BB =A) AT, BN L%,

FE10-20FT RIS, BRFE—MFHNTHS (EREFRBRFOFSIX/ ).
R —HAE, ETURRSRP T LEOFHER. fln, AIRTHERNFS “+7.
BELATLC-31, WRiE BRI ARt 47

LORIG  X3000
LEA R6, STACKBASE

LEA RO, PROMPT
TRAP x22 i PUTS
AND R1, R1, #0
Loop TRAP x20 ;N
TRAP x21
ADD R3, RO, #-10 ; Check for newline
BRz INPUTDONE
ISR PUSH
D R1, R1, #1
BRnzp  LOOP
INPUTDONE ADD R1, R1, #0
BRz DONE
100P2 ISR pOP
TRAP x21
ADD R1, R1, #-1
BRp L00P2
DONE TRAP x25 HALT
PUSH ADD R6, R6, #-2
STR RO, R6, #0
RET
poP LDR RO, R, #0
ADD R6, R6, #2

RET
PROMPT  .STRINGZ ‘'Please enter a sentence: '’
STACKSPAC .BLKW #50
STACKBASE .FILL #0

END
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10.24  [EIBA>1RE8. 1SHIRFF

TEST

.ORIG
LD
sTI
LD
LDI
BRzp
sT1
BRnzp
JFILL
JFILL
FILL
.FILL
JFILL
.END

[ & LA RS

x3000
R3,A
R3, KBSR
RO, B
R1, DSR
TEST
RO, DDR
TEST
x4000
x0032
XFE00
XFE04
XFE06

a fRILEALAY I S R x34, ARG P UTAR %5 B FF RS Hx 1000, 5 M AR %5 H £L
WA THR. RSB RIER 4

KBDR

.ORIG

TRAP
JFILL
END

1000
RO, KBDR
x21

x21

x25
XFE02

b. RSt IREEERST, KETAXMT /M@, RARE LB RREHA?
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1.1 RMOGER

KE, REHAFBHE Ry BLE—BI0OE, REHBARHEHRLNER M
A TR, ETRARKOER, ROKFGEIGRESOEMBRE.

EABEZod, RIOHUCESTHEF, HRAXFRIESREOERRS. £8MEF
RIS, SRR HEMFES, RIOBHESHENRKARBRLEK, WEFH
B R, BATHRMATA AR, XA 2RMA AR L EMERE, RAINAZIRME T
BHESHTBRF (FHCHSH) MBMTEl2? ROGELLE, mRIFmE W #EH
g, MHRROERLLAREH - RK, R T4 CAER BFRFARHRR.

RAVEE BB~ T ABE—HIONE, E5T108F, RIMER T~ FEATRH “LC37,
BR-A CEUGLE", BAMEE, HRETAKHEINHRE RERE. LC3 (T LHRHH
BARUEN) HRHRER. EAERMEEDEHEFATHNMLETRY. Fim, MOSE
RO AR, EHRITMRANERYIRER (data-path) RROIBIRN:, TAFEFIRIRE R AR T
BALC-3, INMEERUHNALHH - EERS, EARFETEFRIT, RAFQERAT
Bkt WEREFXH-NRRMIEIHEE, ROKATARORBELROUENRL. &
rBFELCIMUAM 2IG, BINFFHETETOMIMNBLESONERE, ZFEXNMHTLC3IC
RIEE, ANBETAL, SRABERLT. EHfM, ENERBEOEMN, RIOZEAT “EE
SR Tk, BRI A EE WA FALC-3IEE AN T RS, RS RVO%ME, BT
TRAPTRFZEMAMMEES, "MW M “TEE 2R REHRDS, ENAIFNELCH
WRRBPHE, EARFHROEEETRBER O RE, RS, (8T8 R B L85
BRHBL,

REFBAFBORE M. RONESENMBEXBRIESREOERDIA (MEE, 25
g, M. B, RE. BEMBSRIREHE), URREOREIRMA %, ROWLCHE
HABIRVAX L, Y, FEMHARIRS-MCEFNRRAL. ZHLEERHACES
REDREEL MV, BEEFNRESENLRABFORSHE, REORFETHELHC
EEY, WEHHFED,

BEARE, BOHTENCHESZRBARRESHBOLE, FHit, ROTHEBEEES
FAEMLER, UREREHERERAERON. BF, HEd - REHTNE—TCEE, 6
Frhtm RCIEEMBMAIRE,

1.2 BWHEs
TR AL AR . IR DR BRI, KAt SRS 2. KT R

REBE, HT-MRFRAKR, HRHKAEFLIBOMAL, RETFREIRADL (AL

HAHRMES FRIIE) Mk, KR~ BREE.
EMRNIERS, 6, TRAL, LCICRESRBEUN BEZRBEAAL, G, ELH
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EES, RITRMBICH (mnemonic) REREMO, VRIEFFS, KM SHIA (symbolic
label) fRFeitink., SHLEFHMEL, XFE4 SHILIFR ) B BA RO R R AT A

Bob, ME-6HUR, LRBETHRBREHTLEE T HE “WEBE™ M LS EERLEY
(ISA, HIHLEE4A) B WM. BB, RNFLH—SEE ESE" +MAE. TL,
BWREFOERAREINRT, EHFEEGRE (NRAELHN) EMAT, TE, RORE—
TRRIEERE A M.

c BUEOH S A, ENREED, KEBBERFOIUESE (counter) BEZE AW
BURHFFRRFR R, S0ER, XN EATRFFRRETESE. HT Tk
HME, RNLHACEFREHLE (MAFBLRFERRS). ELHESH, KX
RELHEAS T, MAXA SRR R — AR (label), HIEBZIES (CIEH)
F, HER R, RIORABEAEZANRAIE—A4F (name) RER (ype), 2S5, &
RIEE (EABRRRGER) HAHELRAEOME, FRIBLOBEMBRIE, HiL
BifE, ELRESTHERFAT THEME, HEEIRXTNKIBLHE, nFh.
FoOFERY, BTRFPEHIARGKERE, FULNXA L, BRIETTERS T
WERHE,

© ERORIS. EREEDHKZANTRIEN, ATERMRFRKHF b AL
KR HHLEKTE, BFUROREHRUEH “THR", wRENEEEENRATE
WY FHSRITANY. BRESTRANREARRESTR, O K HEERY
TRFRM “FE” N, B, ENBETPRELRRROGIEN "R £, EH
FEEP, TRABELXTORTUER. fim, ZARERNHE, ERRESH, A
BE—KiE:

area = 0.5 + base * height;

B, FERSFHITRIG, RMEND K" R 250, KED B B2,
ERMBIEE T, ERIEHATLRARN “KKIE OFE, i, 454 “BIX" (islCloudy) HJ
B, QB (Fi4e)” o ZR, “BC CRPHIRSE)™. R MCIESRFR, ALURA “BHsy”
(control structure) R4 :

if (isItCloudy)

get(Umbrella),

else

get(Sunglasses);

© RBEGRIMR . BRIESMRBISARIE M THER . E%, REHSPRLHEHEEL
HiE, MLCITRUEFERS, MEFBERLCINLARF AEERS —ARRD
(nfEsRm) *EREMOREEY. MARETEHLABF ARETEOREES (K
FISARS HBRERGA), ZREABLIEERAFEER (RRFH) ISARBLBE, B
RIEE QIR B ROBMID, X RHLIE TN, EEBRF AT K
EREMSRRES £ (MARKEHERAT).

- REATiRME, BFRATRLERLG BREH" ZoR, BFE0ESSWERME
B ML, ELRIEES, 65 HH, AHHN SLEHNERRESS. WR
PREHIRBNX A, IBLRRIFBE B IRB RGO T IR ERR TN RE, (EH—BAER,
LSHLWRINGRD, MRROOESRAR, KA, BLEREREEEED.

© UHRAEORIE, ERREET, FECEORN, BEEBERITNER, SRR
. MRHIRARIRF 2L, WHTEIHSE R, RTRB S AT RAFEMBUG, BRIES
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IR EE, LSRR AREAK,
1.3 WAE=EF

FERRAH 2 GRIES (CRRBRIES), CARKPERMERNERD, ZEAERE
BEOVLSFHRBIFAGT . WLC-3ICHIES, REWMIE (RCH) HNBIEY, MHREFTEE
BHEREE, EFTRAGLBMESE, RRTARNBGRIES. FE—ERERAT
(interpretation) , i FBHIEHIBRAFBHAL “HAB" (interpreter), EEAMRIETRF, Batk
R R FIE TR R, AEMRTEFIRERIESROE Y, MEMBRRF, &
B RBFRA (compilation), FFEIFMBFBHAG “## 8" (compiler), EHBRIETR
FiEA, RIGEIEHHLERR, XHAHTRITHE (executable image), IZBRMRR WL A AN E
TR, ER-ROE, ERERESIEMEE, KEFHE-TRF.

11.3.1 BEBHET

EMBHTHAE, BREERFRERE A G4 MEL. WEERMEAGLAMS,
EHRIE F RIS LR A S (BITHRRED) . BRI S M AR 28 SR 0 — 41 MR,
WA REE S BRAHAT. ROIEE, WBEBWFEE A &M (virual machine), HRIEHRE
BEWL (FAREHNE) ERBGOERF. BRESERLE-MHER, B—FER—5£64,
HER—NTRF.

EH, MEBLTARE, NEREABRESRFFN T, RAREXFREE LEF--B
MEAREG, REHBRIEDORGER, fim, BEEOHEBORE: “RERXBAFIHIMR,
HHEREACT, MM SRR — BTSRRI, MR, RERITELNTZE,
FIEAT 174k MIT, HBBNBFER,

SRFIRRBEIT ) 4015 & AELISP, BASICAIPerl®, 55h, —&%LiE R AMBEY &,
M IEE Matlab, ABHLC-305 B b TELALR — MRFES , BH MUNIXE & ST HRITIHRHE
(shell) 18 F#EReeE.

11.3.2 ®WiFHIT

ERFRGHRA, BABRIESRTLWRMERILED, AEHENR LT, HRIER
FERENARY, EREZN, REBXETANBENM GBERENRHE, RARXRE
—fRE), ARBFABERE—K, RERTULKNT. WFLTOHBRIESTLIEC, Crr,
FORTRAN%. A+, LC3MiCMBRE N RERNGES. MESREH—DREL, Tt
438 (process) —ARENAEHBIEERFMILIE, £R—A “FTHTBMR" (executable image) .
HRBAGFTHITRF, CRARMEES, IHRLIEEHIHHBIES, ©

11.3.3 WHA ENRRR

WREEE A S H RGO, MBENTH, BFOFEMBRILESE, BARESERRGT
—B (fn—f7) BHBITER, BRI, BFERTLL ‘R (on-the-fly) EFHALRHH
MG, B, HARBRTHRBAARGFOTEMANE, TUETFRMHTEBLIRGT, HRER
FTRBRASBREE, whTHEAK, EAFEERST “BN7 —HIRES, MRS, Ri%5

e i TRFF, iR ilefy @, RICMIFRR, —WHE
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A TRARTEEESR, AR/, S ERRIARER, FLR LRI RAMER
HIFEE.
11.4 CHRIZIES

CHIRIER R Bellski FADennis Ritchie F 19724 £ Wiy, CIEHMEMMERKEMTRIE
BRRBERENTFE, FHRZESORIRRAREN, ROIER, CIEETLMKRRRRLTH
BRE, FMEXREBRIESONERRZEAE D EESHE. ERb M, CESRALSE
FAEBTIERES, WA RGBS FURIER LRI R .

CESERBIESMERE S SEEREMBM. BAI-TRREE EERBIESHRRLE.
1954424 T sk LM — AR RBIES EE, WA
HTAN, ERODAERE—MESH X", FEE, HEM—FIETRE, ZAREFH
EEREROEAEE T —ZOER, RUE, CIESHCHRlavali BERARNTM, Ti/EE
R44 REEOFEMIES. F, Simulaif FMEES (object-oriented, 00) HFtkifC++Fnlava
WHEEEYM. FLL, FBIHEHCIESHEMCH+RTavatb FIEEER. RAIER, EREBEE
oz, *ARRMCHFTavad: IIEK AW, FHEMNMCIESIEHMMLL,

cosoL ;
: PLA  Pascal
BASIC

FORTRAN !

LisP

: ! i Prolog : :

1955 1960 1965 1970 1975 1980 1985 1990 1995

Bl GRESHRREGE . JLUPEHEIEE 5291 S 2 M ER—ErREK,
C++flavaif & 5CZ A LR RBEUINIAR

S FCESMREHHERIABRIESONS, ERAFH “HRA L™ HRILRES L
BHEEERIEY. ETCES, RIVRABERKETARZEA 2R, ZT 8RS
PEE R R BWE, ERARRCESNERMEZE, REEML—/ BUTER.

FHRARICIEZ MIFANSI Chrife, RFIEE . CIEZTH~ETRETF. Ak, XE
EKArM%¥% (American National Standards Institute, ANSI) F19894EHIE T —A “THA.
HBELMCIESZL (an i and definition of the language C), &
FHANSI C, TRt AHMCIERLRM, CRSMIESILTHLIFANSI Chidk. Watil, £k
T 2%1ES FRIFABOHCESE, RELREBRLANSI CHAN, HTLINHEY HIFMHIT.

Chiik

CHRFHR—AMFREMBIESMAT, SRGHCHBFBIFL /T RITRE., $%74190
R, ATHRATBRAGR—A AL BIET TR, RENFRRA BRI THITRF, B RFLRE
WRHALE S (preprocessor), MikBFIBEMER (linker) FMAM. AW, BRI ENGEHHD %
#8” (compiler), HFBALEABRH, HADAMALESMERRSAE, BU-2FRS
P B & A Z R ER R,
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CiEzmFLES

Lfﬁmzmm@

wiEH

FERE R AR

AITHRER

112 BRENERIFHLERE, QETLER. KIERNHESES. ARAFSEE
KA ARLHBY 82, RNPFENEES “RiF™ SR, LEERE
MARCERBAFAA XM R4 BAREXH, SR — N THRTHE

LALESR

Bi&BL, CHistF#® (preprocessor) MIEMRE: HIERBHRFZA, MCERAFH “Fiik
B, RWEHTLEARERARES, CRCEBHEEFANCHEIE, FHIERTHPBLL
Bin4, MLEES SLCICHIES FHHHRERSIERALL, BICBEHREXLES, R
MR FCERIE. B, RILESRCRIESBNBLEBHRBHFAEGFHS
“DAYS_THIS_MONTH” ##: h%{H30, Fn, il SFiALER 8 4 3 thstdio hE P A 4 T E WS ARHT 2
AR, BOBEEEETFEHSEOER. MER—T, ECHEEF, FCRBIESTERLL
HT IFke JUFAERCE AR B R 08 I AL A 28

2. 5B

S WA 2 ROBF, WHMIES (compiler) EEHIFDH “B4RMM” (object module),
BR7421, ARBREBFN— MRS, RIBEST (RBK) RODBR., SFTBAE
BABB: —R “9H" (analysis), BHkA “EEDH" (parsed), BIHHREFF 98 K3/ 4L
BT, ZR AR (synthesis), BIARHLBIEERTG. SHNBOESRIEA . HHFEATD
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IR RE R AR BIRE M & BB B ES N A RILEY, URRESERS LI
LR, mRHFEXENBGE— S, WEESH (parsing), FHEBFHE (register
11 ). RAAE (i ling) S FHYB. HLABTOMILERIRIE, FTLLHGIEEHM,
A RTLASH it 1 PR 4 28 SR SE AR o

5 A (symbol table) 4% hIEH REM—NRBRIELEN, ERRTRAPEMLN
FAMS. CHRIFBOASREWTILCILHR PO SH (2%7.3.31) kWM. HXCHE
BASER, BET MR,

kX-23:3
FiFE AFRRTS (object code) &M Z/F, BN ERTEHLE, iR (linker) MY

%R EAN BFRRA R R — N TRITBR. TRITHRIGR —FAARERRNILBIESRRF,
RAAEBMATARIATXE AN, Flan, EPCHLE, 4R o WebiI W1 28 s B4R, sk
ERRESVRRIERS: WRE& iR B ZEARAT RAORITHR, HILEARE, RERT! 7
CRFERMMKBIEER, EREHOETREMO - LRIERK (I/0%), EILUE
ARG RALE, FEERYGRY MAGRE: (MBERSE. RFBE) WFRERS, TR/,
BAFH, RV T @Y, MBS GO SRR B SO R OB R R DU R L BRAY
W, WIE R AFTHITEMR . RBE S R B AR 2 R R R, IRIET AP,
EAFE.2SHMLCIC Rt Bk, wARLMERE, EO—ROR, ERROTHRLRES, &
XHRIFEALE R AR, AUNDGE % S e /ust/1ib AR T,

1.5 —MERNCERF

TEHMACESRENES . HXFLCHES, ROMFLALCIRIMTLAMNEE, AHRCHR
WEHITE, RELA PR T 230, EABT, KREGSWRLCHRSREREH, MAK
o, URATRETIX H KR (4nx86), Bildn, nRYRIIHLEE R & Windows-based PCHL, W't
otk REHIRRXS6, WRLRYE, TEMRMILE L, CRIERALRIBSORI (TIARLC-3RM),

HEAY T, EFHF, KBIOCIESFRRTEN, RN EIBRIEHET.
AT ERAE MR, FEARRAZRY, MEERECHETRD, EHik, b TRIRER,
DRRINK 2N “RBB" (TAREF).

AE-NEEMCRF. EISAFRENRRS, ZHRIANE, ARETHELEEMNC
EEES, BFERERES. TORRER, WAPBA - HERESR, RIEHE%TH

i, HEEERO,

7

Program Name : countdown, our first C program

Description : This program prompts the user to type in
a positive number and counts down from that number to 0,
displaying each number along the way.

/

11 /* The next two lines are preprocessor directives */
12 hinclude <stdio.h»
13 #define STOP 0

15 /* Function  : main */
16 /+ Description : prompt for input, then display countdown */
17 int main()

E11-3 R FFRRA P A — AT E S SO Bl A 50
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5 /% Variable declarations */
20 int counter; /* Holds intermediate count values */
21 int startpoint; /+ Starting point for count down */

23 /+ prompt the user for input */
24 printf(===== Countdown Program =====\n‘);
25 printf("Enter a positive integer: ");

26 scanf("¥a", &startPoint);

28 /+ Count down from the input number to 0 +/
29 for (counter = startPoint; counter >= STOP; counter--)

30 printf("%d\n", counter)
i

E11-3 ZRFERAPRA— TS ERSOHE EEITH A0 (8)

RIFFAEtE . RTLAR BB T b i i — T8 . e RN BHE—TIRF. EXRF,
FERBOMSOE. mainRl, ROERSHBAE. FLEE4S. VORKBRANAME.

11.5.1 main&#
ME1747H) “int main()” EAFFG, EBRSF—T (B34T) WAES ) bk, RIUFRG
AR Tmain @B LKL L, CIEFFH “HH" (function) BESSLCICHIEZ R “FRAE"
(subroutine) (39%) RFHH#). RBRCEZH— MW EEORS . AP 14FEINFXA
W&, Mimaingdy LR — MRS : mainEM—ACRFBLENERY, TREEIRFR
friss. FEANSI Ch, mainftyi EMEBALE N — B8, BEHmainR O RLEY (0F
1747 “int main()” BiR).
FEA B, maind ¥ 7T 5y HFHEAH LY :
© B R “EEA A" (declaration), BTIHE R, B HPLETE & 3b 4 o 0 IO R,
fncounterflistartpoint®, #— AN, WREMBIEZ X —KtE, ROV EERSY
REEMTFS TR,

s BIEYR “#47 (statement), FHWRSHRBFOIITHERTH, MTFCRFRBR,
BAFNLHIITE R MmainFF i, BUHIT, EFmainkH9RSE—KiE0.

THEA BN BAGITF ARG ENED. FHILRIED (24-2617) WIERAR. TEHRER
(RRAPMA—DERY) | EREAPRANRIE LR, BFEARE—&iED, (forfiifis
) (—FhisfE, BREBE). BRHEMAPBAGETG, SRETER, EBiHEEHB0,
g, ﬁﬂﬁﬁéﬁui}ﬁﬁ'iﬁ)\m&ﬁia TR FFHRATROSR HHEE RAnT -

= Countdown Program
r a positive integer

RATEES, BHREBEUSS ) 7 HR. HCEEH, 2SRE-HIRIEOHER.
FEBESSEML WOR, ERAFBHRFD WYL EOOE—IRIR,

11.5.2 RERE
CIEER—HRAMHBNGRIES. ROER, BFFFS5FZA. 57 2ANSHEER
RWMBFOEL BFRATTURRACORE, §OASRFNSH, REMFCIEROIERAN

HIFT, #F A m#ORIDAHERG TR, flm, EHENGTFRAES, forfiRkiERREN
Zhe () ILXBRDEAENRE B, EHSEDZABAZS, %A main@ ks
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FRARBBALMRIBE. S8, FoIpfXsfr, B4 T BN, BEWELES “2W” RDE
e, ‘T WRNEM, TR —-BRERMEF, MR EoR T #H LA 8s . CIEE
WRBRMEH SRR, ABRAOEBEFN—FHCREAE (RMgGE. Z2T%HR). K
LA A CHR, EEiRt. BieRMHaRE, Llekild #R GSRFN &,

CEEFMERFRELCICRESHAERN. HCEFF, ERELRLUFS /¥ Fh,
ARG “Y" 5%, BNATLUET. fim, EFTASTREER, FAGOLEST0.
FRNBRIES, HEBRHXBERTR, mC+HESRIHERTL 7 Fk, 4R, ERBH
EBRGA, HEMBME . RE—FEANE, ERRFRARBAAKEY (MTRIHE
BUEE) D E R B B

BUMRDERIEREE, BRMERLREGRERDOTiRGE, HHEEEHEDRR
. G, EXEORDFES, KRBESBHRH—NEREFRTR, XERE—-RRDBEH
FAKE, Bk, HTRIEARGTEZE, RERDHTiRE, KBREFHA, REMIZEERE
Fext RIS RER >T1R

—AMEFRERRIE RIS . EBNECOT LBSRE— SR, MR IZH REH
B, HICREAOIBRH EMBEASH LR, b, EBNEMN (Imain) FabhER,
MR ZREAMKARMA, BHBY #—F, ERETHETYIRn FR, LUHBHEER
WEMERER, BEGEEOL, SRER HIRGFE, STNALAYTEIER, Rk
BARE CAEARAERA, EAE “ERRR, FESIEAHTEMER.

11.5.3 CHiAE®

ZHl, EILAY, BRNEMCEZFMRCERM TRENSR, CRRAGERFR 2N, X
REGCR AT — MR, EREOHTH, HRETHANEABLEES . #definef
#include, WLk, BLMIgSMFEARE, BEXHH AW RXFH,

#definels &ML RAN S, BIHRRAENERA. EOEMAR. HRCRLER, KA H
WA “XAX” B#h “XEY", FRMEERE, B ZEEXBRBY", WEFRHH,
#define #H1  A& STOPAE #3400, BNHFLFS

for (counter = startPoint; counter >= STOP; counter--)

EWLE 2 (REZA]), HHEELD

for (counter = startPoint; counter >= 0; counter--)

A ARR? BROVERFT, ¥ Kilid#definefig—¥ ik, .

#define NUMBER_OF_STUDENTS 25

#define MAX_LENGTH 80

#define LENGTH_OF GANE 300

#define PRICE_OF_FUEL 1.49

#define COLOR_OF EYES brown

-, FSPRICE_OF_FUELRFAMMHE. MRAMMHEMT, RONAEESMHL &
PRICE_OF_FUEL" W BN, fnRAERFH LM ER At X%, Ma—BH0
WD, MCRSHHRMNTRFTA RS, WRNAELE VBSRIE, BEREHHHZA
MR BEBRAS RN, ERRIENHE! HE, BE-AGHTHHEMETR, ERHF
F# “COLOR_OF_EYES” ##h S— A # (HRR%%K) — “brown”, {HH—RME,
HERSEORPIRE EERNATEAAESFHER,

#includeff &M1EMR: B EXHR, HRFCEBELBA S —AFH. ERBE, #
RAH— A XARINEH N Edincluded§ & BIERIE . XA 28 UR? BECIEZRBY
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B, FRREMCIERH % X4 (header file) RIMLL. Blan, FTLAMSE 3k 4 &#defines 223 L
AR, LM R,

LAk fstdio.h B, ER BT A B MO R B CRFEL AR &M — /1 kX . EEIHF,
T BEXH A SIORBAIRME B, BT BB 4 “#include <stdio.h>", BAEREZA, #
stdio h3C RPN A 86 A 24 BT 1RAD A,

#includefii 4 HIFR H XA FF:

#include <stdio.h>
#include “program.h"

REMEIR, MHEERRES (<>) BEXH4, FERARGIS () BEXHL, 1
SRAUBGCE S ERE BRPRREL. BEARMERARERERE, HERFEY
BET RGN RBARA LI (mstdio.h) o Rifi, AIHRAIE A CHE KXH (RAMRN).
s, WIRTLARME®, BILARGISHEE L4, EFOR LA 3 LATCH S fHiER B %
FHEF LI,

BRRE—T, ERBGREONERLERSS (). E—A5ILSIHREOL—H, 2
BRUAAE, BB Hh#definefsinclude R ML HIES, TRCIEFIER (£154). WERRLTLE
BUATHES, EERBL RIS,

11.5.4 AT

ARBSEHIEE, RAXMAIECEFFEABAMBHIIRE, HALH X LFMOR AR R 2
Wy, REREEMYRIES 18RRI, XA RABBAHE, R4 HRBEERERIO
RIEFTREOLZBRIA, EMBFBHRERPWERVO, FIL T MCIEZHIVORIEHHIHEY &
B, ECIEE, VOREMAEREXA, XMRAELC-3%, INFIOUTH A HIAKRIR h RGK
TR BER AR 25 BT ST R —#E.

EBFRF A LR (5524, 25, 30/7) R TCHERERBIMIprint iR, XA “4
Afedr s (print formatted), printf @ A E AR KE L4 H EFRBRLIZE (MBTH).
MEBRT AR TRHE, Fil RALTHE, RECRLEFHITENE: (1) XFAR
Wt (2) SR ABEIEMREHER RS, Fin, TEiED

printf("43 is a prime number.");

ﬁiﬁﬁﬁ&iiﬁﬁlﬂfll)’($

43 is a prime numbe:

ﬁﬂ%ﬁf{]ﬁé%ttzﬂ‘ ERH AR R, BRERB BT A (FiRR
TUER), ILABRNITUFEMR F0 & h i RS R, fim.

Printf(*3d is a prime number.", 43);

EMRFFRPOEARRAF “%d”. ERFFHREEOLE—MRIE, HU+HHMERAS
Bt KB BdlEF ﬁ$¢ﬁ’]ﬁi BilA, HHAIER A

43 is a prime numbe

i, Tﬁlﬁpﬂnlﬂﬁﬁkhﬁié

Pprintf (743 plus 59 in decimal is %d.", 43 + 59);

Printf(43 plus 59 in hexadecimal is %x.", 43 + 59);
printf("43 plus 59 as a character is %c.”, 43 + 59);

FER—Aprintfeh, HAFF%ARF102 (43 + SOLR) DIHERBHRRARB TS, £E
BT, HRFTIE66 (10209 BEHIEX66) RAFHE, FH, EB=ABTFH, BRH %
HYIELIASCIFD S RIEAXE (12%H FASF “f WASCIEL), FiLl, B=/MHHMERE.
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43 plus 59 as a character is f.

PEARLA RSB, EFAFE AR A ME, T RIE AR —#E, BI0110 0110 (i
#%102), FIARREHIZ, printfBMHRARE, ER—MEDH, CHRED TR, £
AT EHMBEA TN RS, E5 =0 MM HASCIRG, %K RDINKD-65IH%
Fhprintfi XAF, KAbFAMEIFRUES S (%) HETK.

Befi, P HprintfyE AR .

printf(“The wind speed is %d km/hr.", windSpeed);

b, ZRwindSpeed iR BB AT LR, TEXE, BHUHEHEHRBH. Bk
BAFHIATE Y ATprintfiF@it, 2 BwindSpeed%F2, MHLL R Y

The wind speed is 2 km/hr.

BR, MRRE—ARF, WHESKprinfiEEHRT, HRIA—NAB-—SAMRHHFE
FI—f72# T, BRAEHRT. MRBRERTRT, TLUESRFHE P BERTHHH B NRT
o MHRFRMRITR, SRS, ERRTH AP HRONE, SURMIE () HWR. H
fn, BEREISKIED, EEMRFHREERMRTE (), WEKHHZEHERGT. &
S5 AyprintfiF £ 40 T HiR :

printf(3d is a prime number.\n", 43);

printf("43 plus 59 in decimal is %d.\n", 43 + 59);

Printf(*43 plus 59 in hexadecimal is %x.\n", 43 + 59);

printf("43 plus 59 as a character is %c.\n", 43 + 59);

printf("The wind speed is %d km/hr.\n", windSpeed);

HEBRRAGE MR TR FEORTH (), S%HTDMRD- 1R FIH4 R FHRT
Fith, BRE, SEIE MM HEERINT IR

43 is a prime number.

43 plus 59 in decimal is 102.

43 plus 59 in hexadecimal is 66.

43 plus 59 as a character is f.
The wind speed is 2 km/hr

AE 3508, PR A Mprintf i, ERMBEANRET, RAXARERE (K
BEHERE) . BENBHPREEReounterfI{E . B, E—AprintfiFmed, Wk L ATLUHH
EANBME. EFFEPHAOBRAR (%) BRLASEMAEFH R ERNEERRT LR,

BA: R HIER AL = A primfEBA M TR, SREMA?

printf("¥d ¥d\n", counter, startPoint - counter);

ERRTHS “Wll” EE2E, TERESZHMIRA ERscanf, scanfifBMESR .
MPRERA % () RAFH. Sprinfiifl, SHEAWESNE. BALFHENTR
Pl (FFHORARIE), scanfif ik MFFa i M MTE, AR T RO R R BH
REHFALZR, THE—IF.

P13 GIRITR, MM RIFIRHscanfik A F RS — A BIs, ZRTRNE
Rt TELC-3e E I B i F AR R ASCIIAISTE AT, ke M TE Sod M 1) scanf i B 1 i 5%
B—AMER: RAERIS— 5 R FASCIR (0~9) MBA, FRYAHBKTH S FuEch—
AR, R R I B A R RestartPoint, YERE, 3o A RIEEH T 4R R fiscanf iR
BT, RdS Rscanf R HRMIEFH—A, FEHRDRIED-55, 58 T B Mscanfis Rl
W, mBFH, FAK. TAENBRS.

TERBOR, L hscanfAEHAR (MstartPoint), ZHHE—NHHEFH (&), X
BRARH LR, RIS 168 BERIBIR,
| TEERE Sscanflyfi T
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/* Reads in a character and stores it in nextChar */
scanf ("¥c", &nextChar) ;

/* Reads in a floating point number into radius */
scanf ("¥£", &radius);

/+ Reads two decimal numbers xnto length and width */
scanf ("¥d ¥d", &length, &width

11.6 NG

E#ES, BRONMBTRARBESIHXRBEE, HMCESHBEA THFUN. TH, R

ELONE S d:oEE 37 T ot

- BARREY. RAKBEINESRNLERTE, HREMSSAKH RXBEkK.
FriAR RIS, R AVALENERIARE, S5, BT HELRRNNERD, &
CARGRIE & LAl it B R B RE Y 0 B3 R,

- CiFE. MTHKM LEBEE, CEFR—MENEANIES, SREADEFR LORER
i, UREMARIETNETHM, CHRIESRYRIUCES, RFSMEESESFLH
Bret,

C E-ANCERAF. RIMMBHET—MEENREORF, HEdEMBTREXMOCIE FHHE,
e, FHAMABRRM, COMBFEXOESENEE, FHTHELEFHEBER
Wy CRAFHE Y R MR R4 #definefi#include S, FEMCERFHATRIFF SR H %K
main, EESTERFUMEVGARMY BE— KL, CHIVORETLLEM H &K
printfffiscanf 52 &K .

1.7 SI@

11.1
11.2
113
11.4

115

11.6

11.7
11.8

RIS ERETRBPHENTETR.

RE, WEIEFREHA BT RIS IREIES HRMFEIEHIA A2
HERRIE T REFEBLEAR?

HEMBEERTEBMERE HHRBITIRZAMX . FHr—TRESRIE
&,

EEOTBHEREARBRETTUESRMHENRSE (REFRETFEMISAs) LB,
TR 2 MRS & LU IE AR Tt

BRI, UNIXGE&FTR—MMER. HLARRER - RiIFRR?

Wi, LCMABRMTRIEBLRMES?

SMBERTHLLE, RERTHS—MRAR, SiFeE T RGMERRNRL, iX%W
ShTEARHLB RN, HESMEIRFHTRE, B FRFEE, RTRGRIRF
R,

WTHRHY, RIBRERAE, BT EETRE, RS RRN.

(1) ABFIRAW,

(2) X=W+W,

(3) Y= X+X,

(4) Z—-Y+Y,

(5) MHZERE.

a MREMEE, WROITENEF, MAEKED. HAELZEFRTERS, WS
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11.9

11.10

11.11

1112

11.13

FELEPITEVRBARBH? WM.

b IR REGIER, ERBERZA, HHEIBRFMS T, RERIERB, WRERISAR
HERHMAABHESD (0. . R, K. B), WATKEBRFELREITS L RHB
e AR,

HRIEEL-2, BELTEE,

a HHCHLEBMBA,

b. R HCRIFBRARMA

o AHBEHERIMA

P -3FUREF, R SIS —TRIER

printf("sd\n", counter);

Y BIEBAWTIER, HEERMA?

a. printf("sc\n", counter + 'A');

b. printf("%d\ntd\n", counter, startPoint + counter);

c. printf("$x\n", counter);

i Frscanfiy SHEER MR B IEA T, & ¥prinfIThRERIECRMHERE, HHN FTEAK
ERRRESR .

scanf("$c”, &nextChar);

printf("8d\n", nextChar);

MR—ANCRIFFIBIEDMT AR, R & Rprint(iF 0RMHERRE T A7
#define LETTER '1'

#define ZERO 0

#define NUMBER 123

printf("sc", 'a');

printf("xsx", 12288);

printf("$%d.sced\n", NUMBER, LETTER, ZERO);

WA — AR (BAALE, RINERERIFES HTEFTHCRD), ERMRAIZA
—ATEHEBIE, AREATENH SR+ B
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121 #iR

FEMEMERRIESORAN LR TR (variable) HEHF (operator), T FHIER
RAFBRSRFSITAEXNKE, S4ARIESHREXERAEGEFHE, B REdERNiE
W, REBFEBOEFIME,

TEXTCRTB, 2—&U&TERMSHAWIEN. ZEONERLE. @dkMEHT (+)
ABA3 5% Rscorefy Bl AN, FddREBEHA =" HEHLR K Escore |, RIRTEE
AT ZRiscore =7, ABLITZIEERIERER T 10,

score = score + 3;

EARME B, RIVFEAEICESHER. CESNERAME, SHBERN%E
AR BY (integer), FFF (character) FNF 3% (floating point number), EXRZ/E, RAH
WETHYNE—CBRF, TXBHoAEREREE, ARRIHRE T RROURAT, £5
b, VRPN RIS M R RS, RONALHENSRBEIMER, MEFRE=
Warnad, BOARARESOME, HEEERILERDOME, ERLBCERFHER
BHA. BIE, ROEPR—EEERME, Dk—25CERMBEFHEOHMT,

122 TR

BB “MIA”, IZHR BT R R S R AT BAR T, Bidn, TERRSRIE R ARSI
#, APRERANRIDE. KMZRPHERASHRNM, BIFRAEXSHEMEIEE L
EURKROTES.

ETHEERERS T OLEE, BRESABEFRAMMAE, X ENHERLRE T LR
it BRESRFRATURMAM S 7 SHRX Rl NEALF (MARAFLIL) K5IAK
{8 M3t SR EMGERERIEN, BRIES K E DR AL HIBRBRIE, RDiER, BFR
ABRBXEBRFHSRS, MABESERBRIENFNI 20T, URESRIEKEIFFET
RN HFHTVE, ERGIESF, ROFZEFS (HLT) OREHD “TE",

ATRIEERIZROERYE, BRIFSWMES (WCHER) BEFLERIERORELMEE,
HAREROFS 4, HARERFAEHEMHAY, URERERFHOTHATEES. £X%
BOBRERBIEST (BFCEH), Rillid TR A NREXSGHED.

TEE—MIT. WTFEDHET —4 & bechofti B i, ETLAFMIKERD RS,

int echoy

ETHERAY, RiEBHEATE P hechoB AP AHBEMZER (48, HRIER,
WIFB BT HechofFRAKFHFBR, TARNFS. AXREEHEREONXRBFNR), 25,
CREGV5echots i, 4% & %2 & RARAIHL 38R IEM,

1221 ZHEFYIRAEB. int, char, double
i, RMIEEERBUTER: —MEERHTHMNE, HELTLRRTENRELY, §



EFAENH 205

fn, ZHEGIFGFFI0110 0110, BERLAMRFE/NE Ff, daTLARFETHH%102, REEFRITIA
MG R BIR KR RASCING T R MR, FRAEVMOERL—, REMSFESIENIZERIMNE
A, KIFBHRBAEROBWEY, AHZoRANMENFEREZA, B, BT BEW
ENBHES LS EREZTROBHSR. G, BOEREROMZERAE, ELC3ETLUR—
KADDIES TR, BARER MR ABER, LCIRFBIER RIS RERENMMERIE
(BEALC3F A% CIIRIT A BNEAES)

CIESXHER, FRHUMFPANSAYIEARY, CiEDRX MK I int, char
Fdouble (UK REIT MM ERR) .

1 int

PRI AR~ A SRR, SRKYOHNBRTREAREA/MITEE, Rk
FARREMITREIES £4H (ISA) IRFERNEES. i, 7ELC3H, BRABEHE A
16-bit %6 BERY HERIANED , T Fk M B8 TE R ~32768~+32767, ififE— /A x86THRHLE, Bk
R4 — B 32-bitkly THEMIANED, MR TEE R —2147483648~+2147483647, —BHER T, C
BEEMinSREISARIF K (word length) #3f 57,

T REGF B — % B BnumberOfSeconds, %4437 & X AW, EH A
A ERTRRBROZE KN (LLC34F, M—ARFEEE),

int numberofSeconds; :

BRKBER R RS . E0E ¥ AR FORE R R b B E R & B .
Bign, FREHE, CABAHEA, WRASKRYKFTEGERL T, Bn, EHaTHFRS,
RV — N S M T RFTFILEAERTF MBI RERR, R, ERFRHS, BU%
BOdERNER, BRI REEY DRRERTN,

2. char

FRiAFFchar R iL 2 AT O S RIAA R — N FHRLEER, T HRR M char A5 A9
B, —RA&NlockihE R, “RANkeylIER, FROZ, ERE-ANFWIEDFLE “wibiL”
e, ECIEE T, AWEREFVZMAKR—WAIE, B, EXGd, 5 Rkeyhi ks
HREFROMASCIIDIE, %, K FRORMASIS () FEEMN, L3I SHERMERE,
FORXR—AASCUFHE, T4, RIFERlockfIMIAIE LRSI BIERAHEIHEXA FE,

char lock;
char key = 'Q';

MFASCUFH, —/A8-bithZHRE UL R EBASCHER . BIEEABH, HEEER, Fif
charZe BB & FRYZS AR /MR 16-bit, BAIEYL, charlgin—#E, HAEMmE 5H—AWALE.

3. double

doublefRRIPAAMER (2R2.7.2%), FARXNFERMTRAMLRE/NINKIE, &
FRAEKRRIK/OBIE, 2720 P §RH, FARORGITOE: 5. REAEES
=N,

VAT 2 double2 R 25 i) =AM F

double costPerLiter;

double electronsperSecond;

double averageTemp;

SintficharififF], {FARBERIER Y 2B BB, EMBIT AT RODGLEE
ZHl, BRIVEE—-TCEEHRARMFT ik, EMTEDS, RINEH, —RAK, TR
ARYH sy, WTRAARENS, FRAEDH. FHREZFHIANERE, HERTRMA.
HRHESLA0AT, EE5eRAEZMMRRANRE, BRRAOKE, HE, HEHs BHE—/
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BRIE, HXIPRBE SRR, 8LKRD.24,

double twoPointOne = 2.1; /* This is 2.1 +/

double twoHundredTen = 2.182; /* This is 210.0 +/
double twoHundred = 2E2; /* This is 200.0 */
double twoTenths = 2E-1; /* This is 0.2 */
double minusTwoTenths = -2B-1; /* This is -0.2 +/

FECIEE S, BH—MFAXREfoar, FIARME, ERFMELMET SR, Fdouble
FORMR TR IR R, EIE 2R A R AR, — AN E R R TR T
BRI, WAECEE S, RIBREBLURIGSREMITE, doublet) R Hr 7T iE K Ffloathty
RYAKHE, {BHEAL/NTlloath BYK K. i% A doubleBt BT & 23 K/l TR A4 R4
HIFNGRE RS, HRIRIEEE 75477 ool double RIS BEE # R 6417, Mifloat3eMAyH BER 3242,

12.2.2 FRiAFALSE

MHTARERBRIES, ZRAF (XF “HRA") HEHGLAETHES, CESNE,
—ARIRRT RFER, BFRTUEFH ) AR, Hh, FRAFNERFHTURTBIT R
KFWH. HRAFOKEME, A% ECHIESRANMINFH, B4, CREBHFBHAIS
%, WRLRYE, FECIEEF, Capitalficapital BB AR MIARIAR .

TE M B AR CIE S A AR

© REBTHATUGHMERL (A index ), E%# RAFHREERDS,

* 2HKRBFBOFAR, &% RA TR S #definerh (2R11.53%), BRELFLS
X5,

c FRANERL, AEL, BFRENAHERLTENRABHIER, £EBF, R
fIRAKS F 8% (MmwordsPerSecond) ; Tif HIR A 5 B % T RIL H & (40
words_per_second),

BROGAERDRS PN RE., TRANZIERH EBENE, SHBHTEF RS

HEROEL. B, TFRAEDHOITFEE, HERAFLE “wordsPerSecond”,

EAREROR, ECHESTANS X8 (reyword), EIIAARHE L, FLURRBHET
RESEAIMZE, ERFED.2.6%, FI# TCESMAMA, fim, ZAEHEMIN “in” RE—4
KA, XERERINFRAE MR AL 0int, FWRDEiEELHETER. 5FBEHE
Zit, BARHLHAL T U, RARESTERACRRE “inER” TR “indR”,

1223 RBERNLEBLER

EETR, ERANGERLS EREBERTROFHE. ECESF, BFFHERA
PIRARESGBUT ZREL . BROFRE, RUVRHEAR, HRNFHE, RESTHE
AZEREWEQHRN, BR, AXEMAR, RFRNELHEOFENLERRTM, 5
HEROEAR, REARYHZERORBEE (RERLERFERIR).

FEMR, CEEMEREARAAAL: —& “2RW" (global) (ZEEABAFEBATY
[9), =& “JBEH” (local) (RIEMRTRMHAR).

LAKEE

FECIER T, (EMTERAERE M 2B LAUER Y. LB R CIFTERSRIOTFELY],
BABRZAHREER (local variable), XEATIRM “RGR", RIEBRFPH—BRD, BLULE

© EAMREALTI M, FEE, ECERT, ALURA— L RERRASNRBIESHR, BRE
BB, BE A FEMRAERDITE,
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BT FFeA, LGRS ) SR, REERMEIEOEN RMELESEE,

TEMRBRE-MEAGCESF, EARMAZR—MHT, REHERY, BREREL, X
o, BH T Rechofy IR AEmainR B A, XK E A Emain®HA AR, TfEmainkiez
SR BRI E G RIZE R, B%, RHEREELMNREAIFALHAEDR, mfid
echoZs i,

#include <stdio.h>

int main()
int echo;
scant ("4d", &echo) ;
printf("$d\n", echo) ;
{BHFHH%EE, ROVERSER—/&BEAN, EFRRBRSY, FRRNLFEZLHER
xR, Fi, ER-TBRFN, FRGETES, HEMELFhcounty it BB LR, CES
VEFEBAR, ERELXSHILAERRORDGRN, B12-15RRE— T,

#include <stdio.h>

int globalvar = 2; /4 This variable is global *+/
int main()
int localVar = 3; /* This variable is local to main +/

printf(*Global ¥d Local %d\n", globalVar, localVar);

int localvar = 4; /* Local to this sub-block +/

printf(*Global 3d Local %d\n*, globalvar, localVar);
}

printf("Global %d Local ¥d\n”, globalvar, localvar);
}

E12-1 CRAFMRERRR

2. 4REE

SRR R MR RO R B, 52, 2R RNTLAER AR MY B .
BREB, EOERBRENER RN, 8580 RN,

ETHEEBARBF, maingHFERERT2RERMBHER.

#include <stdio.n>

int globalvar = 2; /* This variable is global */
int main()
int localVar = 3; /* This variable is local to main */

printf("Global td Local td\n®, globalVar, localvar);

LREREFEORBFRRTHIERGA. BOEERLUWAIROER. “RESER B
ik, PALRER". HtLAXAHR? EAHLRBERRL MK (public), EALUERFMLENR
R BAES. XK ERDTRAERS, HEOBSAMERTEHIIO, EABHCRES, L
FREMRBEER.

TEE-TERRNGT. B12-1FR0CRFSZAMBFEEHLL, FRZLRRNE
main @HFFI T —DF 5 (sub-block), WEETFHA, RINXHEHT —AMocalVars i, ER
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mainFF kP U1 B2 Rk local Var & F e 2 IR, (BRI KT, THMATHE, ZATHEYIRIlocal Var
RAFTRT ., LRER, FEUNRLERSERTHRENRALAER. BR, —~BFHRER, 2
Aiflocal Var U FT LT o SXRERFTIHRY “# &4 A" (nested scope),

3. EEMERL

Eip, BNEABTLRERMBHER, AEFKEE ZHNENE: “mR—NEREHFH
tait, WLEHMBEREVR? ~ ECEES, RETROBRADGEERMEN. BHh, HF
WERSROFHESAFRBEFERR, COSHRZAFMELGANZ., BILEEFXFMN
h: HCEFH, RBEERKY “WHL™ (RHE 43 A% L LFE" (automatic storage class)),
H2HR, 2R%R CARFARE “#A5#%RTE" (static storage class variable)) ZERFFH
TT2ZAT, EHEEIA0,

1224 EZHHTF

TERMNAFIHXESHCEITERAVRMA. L, S TARNBU=HEFHRXY, 5
S, ZEEBRAEGG, AEREDGL, ARHEDGL. EAEEEXHHEARNFHHCIE
EEZv

double width;
double pType = 9.44;

double mass = 6.34E2;

double verySmallAmount = 9.1094E-31;
double veryLargeAmount = 7.334553E102;
int average = 12;

int windChillIndex = -21;

FECHEF T, ERLMER AR, CHFETRHRRME 0, MmTHTEIN+HAHE
BERODEAI.

int progranCounter = 0x3000;
int sevenBits = 0xA1234
int valueD = 0xD;

BEM. LU EFEWZIE, WRHITER “printf("%d\n" valueD);”, MHLEREIA? W4
FEvalueDXf RIRIPTE Y, ) ZHEMIS LR 40

12.3 BN

FEMBTCESER, TARNMBCETNERN. SHABRIES—#, CIEEZLXHETE
ERBHARA, MEFRTUMNERKT SR, XETHAH, AREEHAN, A2
BEERA, RRBEERN, A TREEHN, BFACRICHETS, BT @Rk
EEFIEH.

HEBHMA TR, WRHAFCREDH (AR R R MRS IRBIRHL B, LICRIDFBRLC-34
BB, GiFRLAUECRF FRIEHRIEBMIFRLC3HS UKL, BR, ZHFEH,
FALC-3XHHIRIER S FhAAEN D

HT EFRIMREANA, ROWA—KERE FEAF" EDHF, KF, x. y, 20-E
BER, xFyRIRBEERMEL Tz,

zZ=x*y;

BTFLC3T X RLIa S, FLALC-3GiIEB LAURE —RRIFF], RERH SN (KET
RER AR MFBRIE, —FTITMOMRG SRR, Hx0EA S Rinyk, X 58108+ HREE
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FHIRMIERARL. B 12-250RRLC-351E % % LHEMICIE A ROLCINBBERF, BIRFFS
5 (RS) MINBRERx MM, Tttt 2 MMOATFHE (BIRS-1) FHRAORERYWRIE,
BZARE R, BRAXFHE S RS ABRRA LR, Hb R HE2.5. 2%+ FLURE,

AND RO, RO, #0 i RO <= O
LDR R1, RS, #0 ; load value of x

LDR R2, RS, #-1 ; load value of y

BRz DONE i if y is zero, we're done
BRp LOOP ; if y is positive, start mult

y is negative
NOT RI1, R1

ADD R1, R1, #1 : Rl <= -x

NOT R2, R2

ADD R2, R2, #1 ; R2 <= -y (-y is positive)
LOOP  ADD RO, RO, R1 ; Multiply loop

ADD R2, R2, #-1 ; The result is in R2

BRp LOOP
DONE: _STR RO, RS, #-2 ; 2 =X *yi

122 3R CHRLIEAHILC-3HF

12.3.1 HFAXfniFQ

ERAESBRF LA, ROV B—RCERMIERMI, SHH T RITEECES, &1
HER, KRIESSEF (k) WAAHY ‘CRAX", WHTEN “x*y” RE— RBR.

KSR ZAMAEUHR “#547. fln “z=x*y” RRE—MED, CHIEHSRIEDTFHNL,
—A RN TFREMR - ANBERITH, Ti—ACIEORSHRTBILTLUERG—ABIE, C
BAUSS T EKES )7 SR, B SOERORKE S FRRRARS. CIEET
AT HEEE S, UGS FRSEMESHOTF, WA 2 SMELRE A%,
o “ZiET (Hat i) .

ETEFEQNAAKA AT WK KBR" (HEEKES(VEE). NiE%EY,
HAEDFNTEFIED. T8, ROWTBEHEAEOGME,

TERAFEED. LAEOMTEOOH T,

Zex*y; /*This statement accomplishes some work */

{ /* This is a compound statement ./

k =k+1; /* This is another simple statement .

/* Null statement -- no work done here */

1232 REENHF

CIERREERFORSL =" (£F “H5°), BO&LE, LSS HANRERALHE
B BEHELREROERRA G BLDNA £, Fid, Cifh

a=b+ c;

BEEONIERR, HRER b+ o WENERRIEA T s,

EAEENR, BRANFHSSRCHREERA TR, BENWELHZLTRA, £
Bk, B9 = FRBTELNEDNEERZANE, BECEEH, =" BRAMRIT
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R (RS EE), RiFRWAHZAERE BN,
TFHEALC-3G1% % HORAIE 0L RCRRBHHAF . CiEQNNEMRMERRBEH R,

X =x +4;
5igigmat pAILC-3RIhAEH B A, b, RSGAERERMINTFAE,
LDR RO, RS, #0 ; Get the value of x

ADD RO, RO, #4 ; calculate x + 4
STR RO, Rs, #0

FECIEE N, REAMURERE “FRU . EENOITH, FEX “x + 47 WHRELER
REHAY, FARHEISEHER (x) ZMBREY, SROUERS—TRUTR. B2,
RENTHEAFRROBORAER A FEAh (IEBRE), I “x + 437, LRmAR? CEER
AEERHLR , HHAREEH BN AN . WRFEAFM QS ERMFHY, WHPHFHY
BRSO EE, 82, CIEFSRMEAE (shorter type) HMYKAE (longer types), FHI,
INRRAVE —FRBORSRERBRE 5 —RUHTR, HFRMFAR? M “x=x+43", CIEEXM
SERVACEANIRE, REFEREVAE, R2Z, BREREREHHEREY. mAfh, FAR
BER “x + 437 MEFBEEIOVER (BRxHAY), EHEGEIRS, FANNRENS
EF. O, FREIKBHBBURER A, FH59, WHEBHS,

12.3.3 WABMAF

ECESH, URBRFAESER, AAKSBERRATFSRNPRRE, SH¥RE
NEERFTE—H. B, v REMWE, -7 REWRE, 7 KERE WATRE,
RATHEESFRZ), /" REBR&%. 55, SHUEHRN—#, RARBHORH N
Fokey, RBRGEE, RERME. HXSEFORTEF, RIOFA “RAL", T—HEiEHt
. TEEANCHAZHIFED.

distance = rate * time;
netIncome = income - taxesPaid;

mi
area = 3.14159 + radius * radius;
y = a*x*x + brx

CIEZTH— WK*LIH' YRATREA KM, ERARM (modulus) BRF “%”, XK
“ERBAZRR, ROHUARSRRAG, MEREME. RIOVME, ECIEE D, AR,
REMHHUES, SRARBERHY. G, RER “11/4” HERET2, Rifi, RHER
FRMEORBRETREOREMy . Blm, “11 %4 WHERSTI, RoiER, REUST “(11/
4) *4+ (11%4)", FEMTHTH, BROXVELEY,

quotient = x /y; /*if x = 7 and y = 2, quotient = 3 */
remainder = x ¥ y; /* if X = 7 and y = 2, remainder = 1 */

RI-IRCHXHFMBAARZRS, Kb, Rik, Bk, RS RRESRE T IEFRE.
121 CEERMNRENH

e iind e i ERREE L il
. Reik: x*y + ik x+y
/ Bk x/y - Wik Xy
% i X%y
12.3.4 MARRER

Eh, ERFHRAMCERFZE, RIEAE-AEEGTE: WTiEQH, xOELLD?
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x=2+3%4;

Lkt

B, RERPREHLRONFAE, SFTHA—#, RERWBERIBR “HWFEG,
BATRABHAFAY "t 8" (precedence), ffign, EMBAZHR, BATAARBRAIRERET
fuwk. CIEFMBHEMRELAN, SHONA/DERARNRE B, FLL, ZEONHRLERE,
xEF14, JAFR, ZRERFHT 2+ (3%4)",

2. XM A

B2, mREFAPZHFORESRHAE, ZEHLRE? BT iSO R0

x=2+3-4+5;

B, WEEMEBRAAR, WERTLETH, RiEX “2 +3-4 + 57 MERTRETS, ¢
TRES T4, ZREN, ECETS, MEFMEORERMAFE. BHifl, RITELHANCIEZTEL
—AMERHA, R FRERMFOZRA, ENZEM XL (associativity) BE T ENN
ZIAREENF. B, sk zE, ENRXKXRER “AEOA", FLL “2+3-4+5"
MERLBRENT “((2+3) —4) +57,

TEARMR12-STHERDEIRD. 4%, HFI% TCERARIELRFXBAERN . Fid, R
EREHRFILEKE (BRAEGR BN WARBIRHCIEETHTORBEE). ¥Kt, KARE
REH X L—ARERMUOTLE, FRETRENKRRZRINT, YA REHESHFL
EIRRARR, FORERIZER. MR, SA—FEITRNT %S —ERES.

3.5

WERZITMERAMNMLE, RAFR, EREXBHETHLSHFRE, BLEHTK
Zo EREOARSHES, RIOSEABEEMEESHF AR, RER, MRRNFBABHI £
BEREHH, WARESHXNFRERBEER, £TEHTH, BHKHBa b, c, diEH4,
A

x=a*bt+tcrd/2;

ST

x = (a*b)+ ((c*d)/4);

ERNFERS, xERAH20, LRER, TERKBSHFRERAN, TRETEESE
RHAEBERKF, BESRALRES, KBRS, RAEBFIE, ERAEZSOHRT,
A B AR LRI .

A, fmfa, b, c. difh4, WTEIERERMAT?

x=a*(b+c)*d/4;

Ao, HHEARDOTEEER, TE, KEHAF—ERICECIEST BHRERIN. 5
LA, MFRAMRER, RITAKERES, BRGAXERS, (ABREEESTE.

12.3.5 fLiEN#

RE, RIBENACETERF, CEETA—E “SBHH", CIO0ERRTLRERE
MfERDiL, BIfIRYZ4R#IE (NAND, OR, NOT, XOR%). fifn, #CIEE, (WA “&"
HEA%H FLC-3WANDIR 4, “&” ERAFHMRIER A B RIX Bk kAR “5” (AND),
RO BT U RITROE R BE, BEAF -7 BTN k" @ (—TERR, 2
FE-TRER), BEF N WL “RRT B, TERXSEEENUREZE
WBRBIT,
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0x1234 | 0x5678 /* equals OxS67C */

0x1234 & 0x5678 /* equals 0x1230 */

0x1234 * 0x5678 /* equals 0x444C */

-ox1234 7+ equals OxEDCB +/

1234 & 5678 7+ equals 1026 */

H5b, CEEMMERAT, TUERS “UB" BHM. EBRE << MEBRE >>,
ERCERARTERT, MBERREY, —REMBRE, “RUBLN. KBRED,
FUBEEI0, HBRIES, ELBTUMASY R, REAMELSALR, BF/ M BERE

HOERE, TEARERZ TN SBRBEREER

0x1234 << 3 /+ equals 0x91R0 +/
0x1234 5> 2 /* equals 0x048D */

1234 << 3 /+ equals 9872 +/

1234 5> 2 /* equals 308 ./

0x1234 << 5 /* equals 0x4680 (result is 16 bits) +/
OXFEDC »>> 3 /* equals OXFFDB (from sign-extension) +/

THATREE “MHaR” #ERMCER, HE, CROMBREATXEMTAMAERE,
fitn, FHEIEDTHERSL gfohilRe,

h=fag; /*4E £ =7, g =8, hwill equal 0 ./
h=f]g /*Af £ . i */
h=fecl; /rifE ‘/
h=geet ETE] M
h=-f]~g /[*iff=7, ga8, .

/* because h is a si: «

TAM: RIBAERSEHE L, BEERKERI6M, KA1, 154 “x = x << 16" M
e Ranf? Bib L, #xBaI6 (EAFORERE) 25, FiftoRizmeRo, Mxmi
FIEH0. BT RISEAYE (CESHAMEKENBOTERLSD), CESHAEHBER
(FFREGARBE L) WLERBRTAGLA, BRERE, ETRAGNE L, BRI
W2/, KERTRAML TSR0, ERLBRTERTRL.

1250 THARLERA., SRAOHFIUR LR ANF, b “BK" (NOT) SHARK
KRB, WER “EB” B BB (WERASHEE), BER “5” (AND), “S#” (XOR)
AR (OR) BHF. ENMRBENUFSRALRS. RI2-SEERIHRERNTRFIR.

#12-2 CEEENLENF

BRI LG R
- #&fir “BK” (NOT) -x
<< B x<<y
>> E1:3 x>>y
& (L “5” (AND) x&y
A f{I “SR" (XOR) Xy
| f&{r “&” (OR) xly
12.3.6 XRENFF

CEEH, XRERAFMERRMARNBEZANER, ET—Rd, BITRE K58
K7 REREN, B%6.1 2R ERRGS W RFORMEHR,

HFERA “==" R—ACRFEHE. %S WHOERRNRAE M RER TS, MREN
HE, WHERXEAL WRTHE, WIARMEH0, FEARHNHT.

83); /* q will equal 0 */
i /* z will equal 1 if x equals y */

BoABITHR, RILERIF (=) FAMBEAR “x==y", ERARNTELER (180, &
REAYREHE), HA RO, HHMESTRLEN, W “==" SHAOKRERSE T
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B =T, BR, ERATENMES, RERAMBEREKEHH

5 ‘=" BRMHER, THRESEF =", ERMRIEERTRSH, REXEH1, B9, F
ARWXRBAF, W kT ). AT (<) %%, ROBETEEATH TR, BiZE
RE eFhiPEBY, HERMIENT, ehIENS.

h«f==g; /*Equal To operator. h will equal 0 */

h /* Greater Than operator. h will equal 0 */
7+ Not Equal To operator. h will equal 1 */

/* Less Than Or Equal To. h will equal 1 */

TEEXAOT, RAGRXRSHIGS A%, B EROXRMR, TIEHE
RIS, RIVHET -ROCEFIEGS, RANBEMERRLTS, Fid, itSHHNE
AR LFBE, EARMEBORMILCIRES, BOHEMLX MR HBEHR, THEH
FHOBBR, 2% RkeankLevel (ML) TN, ITEMGH—/ 4L “MBET .

if (tankLevel == 0)
Pprintf(*Warning: Tank Empty!!\n");

RI123FIH THARRSEY, LREMSRANEEET. WEZHFORERETE
ERA . FiRE AR E LA,

F®12-3 CEEERXRENF

ERFHS ® O ki ERFHS #® kil

> *F x>y <= IIFREFF

>= KFRETF x>=y FF

< F x<y = TET xi=y
1237 BRENFT

CEHMBMERAN, B—RE LEUIPSMERARML. FXE, RBHFLERHFRE
. A, RIOEME—TBRE “K” (rue) F1 “f7" (false) MIMES., ACEZMBM/EN
W, ERE RERHROETRE) BALRERE, RETUBHHREHERE, x4
EMAFHEE, FAHREHOAZES, RIOZRTH RIS,

CEFXHMEMEHI. &&, Wil . BHA “&&” FTRHAMRIERDERS (AND),
IRFAREEMAZHA (RIEL), WBWEARAEH] EE/A) , T, BHFAERE
KO, fign, FikX “3 && 47 MLHRHL, T 3 && 07 LRHO. EHF “I" RFBMBE (OR),
i, mBxRyA—AMEHEE, WRER “x W y” b1, Bk, 7R 3147 BERHM,
FER 3007 HREA BRF 1 7 FRHRERETHRT ., Fit, %8 {RX4%{HExH0
B, xAh1 B, HRA0,

WMo, “BHBZER HHLAR? ERFT, ETRMTRE “BREHE". Hlm, RITT
DS AXRBAAIEMERT, N ERERTEASEHEEN. izt Ex, HHLHER
BHIE10~20 21 (RFFI0M20), MEERMFRIT :

(10 <= x) && (x <= 20)

i, HFHERRER—ANAHFR (MREEFHEEEN), RERWT:

(('a' <=¢) & (c <= 'z')) || (('A' <= c) && (c <= 'z'))

THREBHEHANEFRE, KhQ&AEIBLN R . ZAUMENSIE—E,
RATHRENZARNES, S5ZAMEITHRE, TR AL ERXY, TRISTT, eFT8,

h=f&g; /* bitwise operator: h will equal 0 */

&& g; /* logical operator: h will equal 1 */

h-t
h=ffg  /*bitwise operator: h will equal 15 */
h=flla; /* loaical operator: h will ecual 1 +/
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h=-f | -gi /* bitwise operator: h will equal -1 */

h = !f && lg; /+ logical operator: h will equal 0 */

h =29 || -52; /* logical operator: h will equal 1 */

RI2-FIHTCEFTMZREFRATS . ZRIECHFORALES, RERERS, 2
. WRBEMETAFRERN TSR, TLABERI2S,

®12-4 CEEPHERIENST

ERFHFS W% & B
! 22213 I'x
&& 5 x&&y
il BHR xlly

R12-5 EMFRER ARBEHTI, 158 NHENFOHH)

#® % % KB E R Ow
1 () HEMA O (&%iEA) 0 (RAFS) —
2 AARE = (JFEAR)

3 AHERE +—— (WER)

4 AtERE * (EH#31H) & (Buht) + (—5E) - (—5) ~!sizeof
s HERE (type) (HAH#)

6 HERL * () /%

7 BERE + () - (R)

8 HERG <<>>

9 axmt <> <= >=

10 AZkRA - l=

1 BERE &

12 HEML A

13 HERA !

14 AEmE &&

15 HERA I

16 HERA 2 (REERBR)

17RAE HAEME 4=t

12.3.8 /MM ENFF

EREY. BRBEEEAE, CESMRIFEARRT TS IMSEF. BHF " REE
BEIER "B (increment), BRF “——" REERK(AN “#&K" (decrement), P, #ik
K “x++” RFRHRUTREBM, RERX “x——" THBUTRERER] . HHEEH
£, EMEMERESEMNSEE. Bk, FER “x++" M “x=x+1" WHERE—HI,

BRF 47 -7, AMUMEEROEE L (ERA). HR, R “+x7 @
“xe+” ZIEFFEMEER, E-NTAFERP, WRAE “x++7, W “xe+” REMZGEHNZ
BIROME, MR, MRR “++x” RIS BMZFOE. ROKER “++" HAAZRALINE
S T (prefix) R, MHiBARRAEES “BH" (postfix) HR. WRERHH “48"
(preincrement) & “st&”, FEHAMBRA “B3#" (postincrement) H “B &,

T, BIOE—XEHF:

x = 4;
¥ = xee;

SR, BAVERXRIEBMT, ARATRYWERMFE (EFSRx++MESTHEE),
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RBHfTZE, TiyHh4, xhs,
R, SHEEMRRETRE:

x =4
¥ = eexi

FEd, BEPEDEHN, BR, EEMEF, IR rx” REGRxBMZFIE.
BATEERE, xAyRIERRRS

AR ARE RGN B, BB LR MZTRARE. ABFHASHOIFE,
WA SRR B HAR TR, EMRD.5.68, X T X JIRE MR .

12.3.9 ENFRARER

i, ROFFISEHRIRPBREAQE AN ZHF, EXRRES, REXTH
BEENERAF. SHERFNRIERALE—E, TUHSRIERTROZER, WTHRE—
MR A S BRI REER:

yex&z+3|[9-wte

HRLEVERERNE S, RRESAROBENF. BRRI2ZSPHCEHF (K4
—SRAE RN BOERR) RIMER. S2BRRELHN, ZFOEMAHMTED:

y=x&(z+3) [| (5- Wy

Han, FTEORERE, mEERageEE18B25 2, WRARMLREH, BTUHO, &
B, RPWESTRLEN, BATEN, TERLKEAES THK, ROESTER.

(18 <= age) && (age <= 25)

12.4 ETFENFHEERR

E, RONCBEIATEBENCERF. Tl, RATHEIVERFERCNZRMRELRE,
BUE, ROBAT-NBEF, HRERESRER (BDFHH) T, REER—-EHROTH
FRFEMB ., FEREEEERERA S HBT R R R

ETHOEN ARG EAR, BONBIFET S, REHED AL TRE, H5r
BIRABF. HIMAEREEARBEREN, REAEMEHARBREECRID, ROFRXFHE
AN “aMmE T oM, FEARMNMEMHBEGAIG, REHESRROBILIW, ERET
DB EXA. HFHSROETF R, KRR ERRERRIR, GE5 T B R8I R 1%
EHoW. R, HTEABRFHEMRAE, hELARETREBAKHEFER. HEH
hib, FEEAFEERE=ATREY, URMRGRIEERAT.

EREMES R, RATEHRELEN GBI FERBEEIT, LU B TR T o Rt a9k,
HWBYELFF 47 H TR R TR AR

B—pafk (B1B0%), MABHEHRTHEMR. ETAAMIA, RIEBEEORE
MCIEFMZFSART b, HRBHRAFRIBAY. B, FHURTRE, 3% ERH
IR, WA T AR SR AR AR R, B TRAE BRI AR /N5 B/
B ORK, KPR ERRAEER, fim, FRHEST 10012759387, £
AEER, ERMPFRRIZE 101855187, Bk, RiTREEAREHAET ALY
(B9, XA AARGEE, BEZRAE, BRITIURENZE).

EREBRANZE, RIVFHESML. o REE. BI123ZZRAEN) BRER, B
WEISRAEFEHERAR, EEETBA. TR, RUERE=ANE. Kd, H—NE
RBBMEEHOR (FHRMY) MR IHRER (FHEDAEL), BERBRITHXIR,
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FE=Mr BRI EHRER,

BIFREER, AESRETA R ENERMIFICRD, FURMETEER2S Bl —
Sttt RITERE, K@it ANBETLE—S oK, BFLETREDR (ETHMEA,
WEHTRZUR), WEEA-TRETEF, HEHE (B) #h DN/a8B” f.

R FCEERS, F2PMBIRRTTBRE. FLl. ROREXHTEISMIC. &
F2HF, REPNFCTUEEBFIHCRET, AR “WHEEN/DH/ BB XA L BEH
L. BTlA, $IFMMESRILTARE —SRUEAAEMOTHE, Bk, BROHEEDR
RN, BRI ERADR RS, RERFRDY.

BUE, mE12-30R, BAREESHTZSML2E, CRBMESE, TLUSEMIERCRY
T. BIEMICEFME12-4577,

H!

®2

BB A RE

PR3

HEDUERSY
et

WD/,
e, BHR Rt

)
Co D

B12-3 LR R R L R

#include <stdic.h>

int main()
int amount; /* The number of bytes to be transferred */
int rate; /* The average network transfer rate */
int time; /* The time, in seconds, for the transfer */
int nours;  /* The number of hours for the transfer +/
int minutes; /* The number of mins for the transfer  */
int seconds; /+ The number of secs for the transfer  +/

H12-4 BERRSERLTHCRE
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TEPENH
/* Get input: number of bytes and network transfer rate */
printf(*How many bytes of data to be transferred? ");
scant ("3d”, &amount) ;
printf ("What is the transfer rate (in bytes/sec)? ");
scanf ("3d", &rate);
/* calculate total time in seconds */
time = amount / rate;
/2 convere eine into hours, minutes. seconds */
hours = time /* 3600 seconds in an hour */
minutes = (time ¥ 3snm / 60; /* 60 seconds in a minute */
seconds = ((time ¥ 3600) ¥ 60); /+ remainder is seconds */
/* Output results */
printf("Time : 3dh %dm %ds\n", hours, minutes, seconds);

124 FRMRSEERTHCERF (5)

ik, BRNCHABTFBHYROFACEARYMBEF. ENBTCHE—ARSZIF,
BRI RARFROAE, REW—TXERS. ROEL, REB% “REFRREHWECRD
PR RIERIN? 7, KERETREFTENRE, BEEHTHMG. —LFSX. &
BREMGEIRY, HEERMXMBEBICRE “FT47 (symbol tadle) &, ZRAFRIRLS
B, BRIEERSHESRAE. FERHAETRLRE, HTRLNGHRYI TRAGNERX
B AN, ROTHFERFUXAAE AL,

1251 8%

ERTRE, ROEATLRBLET SR LT 475" (label) MITIEFE, L%
—F, CREFSBEMFSRKCRBEFPAINNEER. KFRELHBFRONIES, 587
—AEREHIED, REFSRPHLERUB—IFHRI. RALHT, FRERSFRER,
BEFBRERSERMEHENTERERBERDERFHAR, FEFRAME. 4F. XY,
EyRMNFbLL. ERAVRRIEARSEL.

EI2-SREXMFETEIZ-ANBFERASER. HTRFHEETONAERAY, RURESRHZ
ERTHARTOF SR, HE, KFERAVRRBIR, ERERENFFOLE, Bl
B, BEROEERECHROAFCRFHRME, BASKRBHETE AN,

R %M | (IR (RBR) f ] HieH 8
amount int o main
hours int -3 main
minutes int -4 main
Tate int -1 main
seconds int -5 main
time int -2 main

B12-5 SIEBHFSE GHREI12-409RF)
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EABBAEON R, MEHRSHIE R R

1252 TROTEASE

HECIEED, FRERAFNNFZN (FRMHREN) ARMER (region): 25 KIEM
(global data section) FIEAFH K ® (run-time stack), 4 RMIBBRE A+ HHERHERIKE,
MIFAHSLERFENLY (BR12.6%)  BFHAULHHEE RMFRTHADRER)
FREERIS T o

HERPHRBTR (offser), RETHXERENFHEMNMOUBREL, ERROLETR
TG PE BN TR B AL RS (SBER)

Bign, R LR Gearthli i 2 RHM IR R LA (0x5000) HIRBRE %4, WA Rearthity
KRR E R R HAL0xS004, ERFERAEMMILBNRT S, RAB—NEAFHS, CHERNELE
BARBRIE AL (REGHAE), FILIRATLUMEHR — 2 his 4. MREEHE RearthARE
AHFFERS, MLC3HHLIT .

LDR R3, R4, #4

SZAMHRER, mRearth@—ARHER (LaEmain@RIANBEAY), HREHEHE
LR, — DR FHERHE R B — YA TEFIER" (activation record) B “H
B (stack frame) BINFHER (memory template) i, 7R, BAVANFLEDHICTMILEH,
Wt h it aRix#, BRRFE GLhE@BRLE143), BE “EHIER", B—BEEHN
FEE, ERSTHWREIHANRDER, B/ R
BHACHEHICE CRFE, MiZEe M RIBAG f
¥, WA ECHEHIETR) . HROBEH—1 &% % x0000
B, %R M B IR RO B AL AR I E A 7E RS,

Bk, RSXBEFRM “Mi454 " (frame pointer), EH12-6 seconds
Bim R E12-4shmain il KATEZHIDF, E&, EHhiex minutes
o, ZE R AHEROR F 5 SN ZERR e 0 75 B R AR hours
Hy. Biin, % famountfERRFF R Bk WA NN LR, cime
M ERRER “WiEE" RSBLHER. Tate

4 FEE AR WS, REBHERAS

*, BREERAEATNEL, ERAEONERTG, = amount
BEEREY, RIWRBFRESEREES, &
A RIEESICFK AR E, Fign, Dh/E38 Rseconds, fir B XFFFF

R A FROHS
LDR RO, R5, #-5
RITTURL A TR R, ECRIFR, umiam  H126 LOIWERH— EHiR
A EREI (FECIEHd, “FRF A "B R BES), HEMEESIREE A" (push)
SR, FR, RSAFMINNE, UKD (ATROGENAL), SESE, RITTCUEAAE

© FMALNRS, MILRAHRMBR, —EEE

© EXBMFAGITH, EREMET - AL BENKORESES, HTRICHD, EXLH %
ERYRAFHFBEED . KRR DV i LRI ZL N o)
MERNEFREFFBE, NIRRT
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RS AR R, SIZEEEH, HHEEHECSE AR ER, [EHiCTRH “HH" (pop)
YTk, I, HRERSEIAADAFERE S, o000

M ECRAEIE, B ERE, FF

BROMHLAR B ITIARMITE, RATHRROS

“EARHT, ARME, 24T,

12 TR B G M LC- WA A R b s
JUFFARIUNIX RS R bk, BRI i =
SR, Kok, BRSO, % N
(i, “EARHE R R REIEERT LA AH
WK, B, EH A “HEF" (heap) R
(RAER1IHEE) . BERMEDES
RRIRR . A RHERD KPR P F AL AT
HOER, U, AR 5 R

Hezs i £ B FAOE R IE R AR (M
KHEHE I HEHEX00005 K ). 52 AR, H
{9 1 R HAEOXFFFF, B bR K T
ﬁm&mm (x0000%51), FRLASHRIEZ

R T AR, BIRSHWE— A R
i. RS- Ui F—1, B2ZRERS2 (B1
125,145 -4 S e MO 1 R IR

SR, FEBPCIRRES i
AR, RafiEA ek, RS
. RO, WA, EHE -
AT, B2 ThWRGN (system 127 LC3RIFRATEDHNFLKE
space), RBIERGHIMN, P EIETRAPH
SR, Kl VORI, RUSISADMENZ,

- RekAEE
[+ - RShstREH

1253 SEEHHITF

RTS8 T A X LC-35F BRI RKNFRIA D, LUR R ML RS SR MR T & .
T, BAELA— A EERICE A, MEENREDR, LRBEZEHLC-3,

B 12-8F R & — A7 T W BRI RITEMHMCRF. ZRFESIM2RHER
inGlobal, fEmainik#( N, &3/ /F#% &inLocal, outLocalAFloutLocalB,

7+ Include the standard I/0 header file */
#include <stdio.h>

int inGlobal;  /+ inGlobal is a global variable because */
/* it is declared outside of all blocks */

int main()

int inLocal; /+ inLocal, outLocalh, outlocalB are all */
int outLocald; /+ local to main
int outLocalB;

128 — AT BRI CRF
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/+ Initialize */
inLocal = 5;
inGlobal = 3;

/* perform calculations */
ocutLocala = inlocal & -~inGlobal;
outLocalB = (inLocal + inGlobal) - (inLocal - inGlobal);

/* Print out results */

printf(outLocalA = ¥d, LocalB) ;

LocalB=td\n*, outLocalA

128 —AMITEERIEMCEF (5)

BRI, R3tinLocalflinGlobalfJ#tafts ZJ5, $hi72E EinLocalflinGlobalZ iAlHIEH,
R L R 5y BIMA K RoutLocalAfloutLocalB, £ 5, WFIARME AR BMprinf @Y, WilE
EERATEMRH (BoutLocalAfloutLocal BRY{E) , HE#, M1 THRAFEMMA Tprintf R, BHbs5
ERFFF I EE (include) PRAEV/OBERI kI fE—stdio.h,

FEHRIE, LC-3 CRIFRHLBEBBPME—MIE (AMRBRAHOMZE) EREATE
RinGlobal, 24537 id Bk Amainih $tk N EBRY, %1% 28 mainif BEFH TR K K REBORILE 9
R RFRE EinLocal A, WREB—1AI(LE 5 RfRoutLocal A, {20047 B 5> B2 outLocalB,
B 12-95777 & 44 7% 8% i 75 & Fimain SR BB B IR R K M — 4 PR

{ir ® %0000
outLocalB
iR *u |RGBE)| wE | KiEe outiocala
R5 inLocal
inLocal int 0 main
1nGlobal int 0 global
|outLocalA int -1 main (3 xFFFF
outLocalB int -2 main
oneR b) EMETEDIER

g xR

W12:9 EI12-8FPRBRA
E12-100RRLC-3 CHIEEF LRI R, R FMFRiHmaindb It HAT.

1 main:
2

ER

4 <startup codes

5

6

7 AND RO, RO, #0

8  ADD RO, RO, #5 ; inlLocal is at offset 0

9  STR RO, RS, #0 ; inLocal =

10

11 AND RO, RO, #O

12 ADD RO, RO, #3 ; inGlobal is at offset 0, in globals

E12-10 35 A 12-8F7RCRFFRILC-30F
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ERAENH
13 STR RO, R4, #0 ; inGlobal = 3;
14
15 LDR RO, RS, #0 ; get value of inlocal
16  LDR R1, R4, #0 ; get value of inGlobal
17 NOT R1, R1 ;i ~inGlobal
18 AND R2, RO, Rl ; calculate inLocal & -inGlobal
19 STR R2, RS, #-1 ; ourlocalA = inLocal & -inGlobal;
20 ; outlocalA is at offset -1
21
22 LR RO, RS, #0 ; get value of inLocal
23 LDR R1, R4, #0 ; get value of inGlobal
24 ADD RO, RO, R1 ; calculate inLocal + inGlobal
25
26 LDR R2, RS, #0 ; get value of inLocal
27 LDR R3, R4, #0 ; get value of inGlobal
28 NoT R3
29 ADD R3, R3, #1 ; calculate -inGlobal
30
31 ADD R2, R2, R3 ; calculate inLocal - inGlobal
32 NoT R2
33 ADD R2, R2, #1 ; calculate -(inlocal - inGlobal)
34
35 ADD RO, RO, R2 ; (inLocal + inGlobal) - (inLocal - inGlobal)
36  STR RO, RS, #-2 ; outLocalB = ...
a7 ; outLocalB is at offset -2
8
39
40  <code for calling the function printf>

E12-10 3R E 12-8FTRCRBAFILC-3KR (5%)

12.6 #FEiEE

ERARMRE T, HAEREAFR— IR, XENE SURARE L H A E
i, REXCESNMBMY ., ENSABRMARTRHE ALK, FRMCEEMIRN—A Wk,
AAYRRACIE P2 R AGE P AFIA 248, 4 B RIE |

12.6.1 ZHBXRBMHTH

FECIEE S, BFRAILAZH =F#%A%Hint, char, doublefiyk/h, Fin, FEintAEmm kAT
Hlongnshort, HEntMINK/MIERY EF KM/ HA/D, 40 “long int” FRHIbITE BER % H
it . ET SRR, BATRATLAECRAF P& RERTEEMOEH. FH, doublet LIk
Aifklong, EHY RIFAXBORTEENNE (FERLIH).

& thiimshorty i MR W/ E R ARRIBMIN A/, RATTLAE A EHENFER, FELHE
JR 8 17 long Fishort 7 B 25 R A B -«

long double particlesInUniverse;
long int worldPopulation;
short int ageofStudent;

CIEFN=MEFRYWERBHELSRLEN (1SA) BMX, Bk, ¥ERERAERERS
REWREIHFNWRT, A RRELHENidlongfshort, R, MERERSBEHT X
KERAA, UEHFERAIN “long int”, EXEF EMiniEH X 9, FFED.3.2&%%longfl
short ¥ £ KI5 F-FIGL 8.

InRPH X —BHE “EHASEH” (unsigned integer), EHIBEWITR “unsigned”, FFif
“EHSER, RREFALIChTFEF S, BRENKOBRIECEY (EXRFMO0), B,
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FELC-3h, BRMEER16-bit, NI SR RMFRIEEH0~65535, ULLE—&HRRIMER
B, RIET KGR, WALAEAEHSERAET, TEELHSEROHT:

unsigned int numberOfDays;

unsigned int populationSize;
LITRERAEF R AFEHTR .

Lons int ounces:

Shove T atons;

long double veryVeryLargeNumber = 4.12936E361;
unsigned int slzeofclass = 900;

£loat oType = 9.24;
£loat tonsOfGrain = 2.998E8;

126.2 XFPHR. BRAHSE

FECIEEH, F—NEROMBK Hconst, RETEERAZL “FE™, FAKR, BIFHN
BERFHITERE T ESL. Fm, HREMERRAKN, BE—/MEH3. 141590972 5% &,
BI12-1FTR R~

ERAEITAH, BOFURINESCIEETH=MER. —& “XFFE", RERDHIL
BHEAFORE. wAFFPHRE2MN3.14159, BRFFHE. E&, CESPOHAEHXT
Wk LFATHOx (MOx1DB), FASCUXFEAXSISHE (W “R”, BRERMEFHRIASCH
), BAXFHZRAFAMNBRI2.2.19, “RARETHFeonstIER (H4F) HX, wWBF
R R Rpi, ZRBULIERES #define R, Bl S HIARADIUS, B & =FhRIRH RI1E,
SN B EGMATAS%E,

1 #include <stdio.h>
2

3 #define RADIUS 15.0 /* This value is in centimeters +/
4

5 int main()

6

7 const double pi = 3.14159;

8 double area

9 double circumference;

10

11 /+ calculations */

12 area = pi * RADIUS * RADIUS; /+ area = pitr*2 */
13

14 circumference = 2 * pi * RADIUS; /- circumerence = +/
15 2%pitr */
16

17 printf(“Area of a circle with radius ¥f cm is ¥f cm’2\n",
18 RADIUS, area);

19

20 printf("Circunference of the circle is f cm\n",

21 circunference) ;

22}

E12-11 HREERAER (E2A15em) HCERF

AiSRconstyy ik fdefine LIFSHEH 2 A, BAFREY, EFEABHAR, RS
BRI, 82, MRROTAHENRE, EONARKIARSRE, WATLHELEChHH
&, titn, ERENRp, 5, K&, —BMOKK, HTURTHER,

EH—FE AR, R~ AR — KB FRTE R R R SSER, HARMER R
HAMERTER, WALUERtdefineF X, ROTLARSHGRE LK R, BWHERFE
B (BUREBTTTHEN), Fln, EI12-11FhRADIUSHIZE A XFHR, BREKEZ/F, BESR
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ik, WEFRT.
EH, RANBHHRX (Anconstgi#define HX), HEEMEAXFHREZKD L&, BAHR
PTLAEE A F B E SR (MAREH RMHEES).

12.6.3 7FffE

BETRTCERM=AE AR FRIAF, RBEAR, 35, ERIAF-ANRE—4F
#& (storage class), Biif “FEff2”, #MBCRESHERDIEFBTANIR, URERD
SAATEERM, ZERNFRETLERNAME, CESZXHFHS (static) f14 % (automatic)
Pk, BEERONE, EMRKBRZATRKE, Ti8HERONSERDRERERE
%. B, £CEFP, 2RERBRTHEFMEL, DENONEHESBFETHAS—L
Ry, ERAERT, RBERETAZEME, BmRBHERERVIN, 0k 375 S MR
static, MIEREFHES, 0 “static int localVar;” FHIES, LI RlocalVarfI %, EHEK
TRE—HRF. WRER, MRLEBFREEA, localVarfy Rz (544 LRI (T4 KM AE,
HFIT A Rstatict) I LR, MEBHELREWBAHEHREE, (87T 7EE AR
FEXATRARN, FRDIIRAXFMANEZOHT.

12.6.4 EZHCENF

FECEH™, BES—EA¥RIEM. FXE, ENLPRRECESMOREMME, Xtz
B, KEREXFZHANERM LAGTRN, BEMNOFEERRESAFTEREMA, HTF
TREBARBRAMAKE, FIEENEIHSER R HEHENE,

LA A B

CEEAFXLHARMSHA SREAZEFAAEL, B, ROHERxELHR29, W7
UMERINTRISHF “+=":

x += 29;

ZE ST EDEN.

x = x +29;

RI-6FTRCIETRAN—EHBREHA. Xb, FRESUHORERBH, HKRRIHKE
B, RIEEHANEERRR, XEMFHREARNLE.

#12-6 CEHMRMENH

SERH # )
+= miE R x+=y
-= WIERIE - x-=y
= FITRAE x*=y
I= BRIGRIE x/=y
%= BARERIE x%=y
&= SR x&=y
I= RFRIE xl=y
r= SRERE xAzy
<<= EBERIE x<<=y
>>= HBERIE x>>=y

Bign:
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/* Equivalent to h = h + g;
/* Equivalent to h = h % £;
/* Bquivalent to h = h << 3;

*/
*/

FRUEREARCIETHAN, ETLUE-NRER D, FMZRAGIREXH M RIE. &6
FARPHXRBESLES 2 7 MES 7, WTHR:

x=a2b:ec;

REONHESR, xWRETERLD, BTERC, AAEERRTRERNIZR/IE, MRk
ERE ELERE), WxFFos B, xFFc.,

#include <stdio.h>

1
2

3 int main()

4+ |

5 int maxvalue;

6 int inpucl;

7 int input2;

8

s printf(*Input an integer: ");

10 scanf (*$d", &inputl);

1 printf("Input another integer: *);

12 scanf ("4d”, &input2) ;

13

1 maxvalue = (inputl > input2) ? inputl ; input2;
15 printf (*The larger number is ¥d\n", maxvalue);
16}

1212 CRAFIEHEER

BE12-1250 R R —MERFFRERXR Y P BAEMBRT. BBAS, RRmRiEsEiT
M FOEARRA I FmaxValue, /5 dprintffTEN timax Value A % .

12.7 Ihg

FREEWRTUTZHENE:

« CEft, CERXREMEFATRAY. $F, FHUMFAY. FABEREET—H, C
BERFRFAAZRBUFS L. CERMAEY, ARG (MRK) W, &7
LIRS B R,

« CEHEA., CHZERMA, BRREMNMTHRDMERY, SERE. BA. SR, ZH/M%
AMRF LR, REARERMSAFOAL, FTXA0HE TS BE R ERFKBEN
R, ERAR-ARENFERNAE, EREORBFERGOES,

« CERMZHFIMFLE (LCIRM), ARFLRY, RESFUAPOTRIZRE ‘TR
WER b, BTRIMHER, KFEHEEZREPORHERSE EHioR EH. Yixk
HuR, ZERBOTEHCREEARKE., BFS, SRERNYRIAELRDKIERT,

128 I

121 SHOTREOMAZFBERFSE. BRSNS TR A M RIONESE.

{
double ff;
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12.2

12.3

124

12.10

12.11

UFR—NEREHIED:

int x;

W .

a R BEER, CHMBENED?

b RrR L HER, ERIWMAIES £ D7

AR T EAAE R A2, RAENREEER S L7

int plusOrMinus;
unsigned int positive;

BT A R B

a. 111E-11

b. —0.00021E4

c. 101.101E0

MBHELC3 CRIFS, W5 H T REE BRI FA RAILC- 3T R,

S PRI, G printfFWEKHESR . BORITEIFRZA, B, C, D,

int t; /* This variable is global */

{

int €= 2;
printf("sd\n", t); AR

printf("sd\n", t); /* B */
t=3;

)
printf ("sd\n", t); AR

printf ("¥d\n", t); /+ Do/

CAZE Rafib#R ER, BRI BIH6R9. RAMTFRERMILERRM LT mPakbly
EEET, HEHENMHFE.

aal|b b.a || b cas&b d.a & b
e.l(a + b) fathb gb/a ha=b
ia=b=5 j +ta + b-- ka=(+b<3)?2a:b lLa<<=b

A RITFHERlenerf X AMIKFE, SHMFEHCEZRER.
a. Mikletter T HF BRK T,
b. Wikletter2 A& F BRMF ZIMIFH.

WREELLT
a WTEGRBATEREN 27 Kb ERletter2— I FHER,
letter = ((letter >= 'a’ & letter <= 'z') ? 'I' : letter);

bk (a) HEIER, UEAFIEDRBHE NS FRESIXETE,

HREATEF, \RAEABRIFATHN, mRERBEIER, WERKH 17 F0, 2
R 407,

RABLLT & CiE 0 Z AR .

a j = i++; b.j = ++i; cj=1i+1;
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12 #

12.12

1213

12.14

12.15
12.16

12.17

12.18

12.19

12.20

di+=1; e j=i+=1;
f. LA BB, Wk TiffE? ik Tl mRpeEL =1, § =0, KELEEX
BT LR, LIMERT 42
BB RStk B “long int” RRUE AR, WRE.
a. BHFFR “a + b” WLCILHMRI. Kb, ik “long int” KA & HERMLH I F
A, axf FLERBIEFIERARBOM R , b3 RIE S IT RO W1 E,
b. w0 (a) FiR, RIEHE “long int” HH4TFI, akigi0, bhRE-2. HEH
3 FIAILC-3T 4R,
BEMEESRE: a=1. b=1, c=3, result =999, ik, RITMTIEDNZRE, FERM
514 % 07
result =b + 1 | c + a;
EBE2RE RS U7 BBIT, b, % RmachineBusyiR KM R 166 HL B ML RRE.
XRbIE MR R0, REEMNBEE TR mPH1, WRRIZHE “2H",
a WECHED, KESSHE “CR” .
b. BECIER), KEI0SHE “Z=R"
c WECEY, BREFSHNE “TUR", Kb, n2— I BHEER,
d RECREFRX, RRISHBRLET “ZW". R “2R", WFRERLREH], mE it
W&, WFERERHO0,
e RECKER, HHTRHBMLEL, B, BikmachineBusyl) #HI{E#1011 0010
1110 1001, WZEERLERFIZA9.
R, ECIEES, o5MEmEtA?
BGRITHH AL A FORRIES, XhRE@. #. 5. USERA. WE, £
THHT, ZERX ‘w@x#ySzUa” MHRRNUFSHZMH A7
a BIEZHAFREREE (MABER) H: @, #. $. U, #5R: REESEEUHIRF,
m ((w@x) ...) s
b RILEEFHERNF (NEHK) H: # U, @. 3,
o BRIGENMRERIMMAE, LBEETFHAZRS,
d RBCENMRERBME, RENFA AR,
i, £CIESS, RIECZEFHEERRME, BRERZH T -HFEHRRIE
B—OEE, CSCIEETEREME. AREQE T, RIESHAMRASERN, WF:
a. T QIFMMPITERIM? BBiESR, REWITZE, MERLLD?

X =x+ 1
b. EHBHIZQIED, LAEBSHE RN MLMCIENER—H,
RAMENROHRF (ME3F0R) BBk RFAPBAFE, REREASCIZRLGIR
FE. MIEZTFRE, BNFHTH, E8FHF | 7 4K,
REE—A REBHE” BIF: RAMA “RWEM” (purchase amount) 1 “Bide”
(tax rate) ; #RJF, TENMH “25HBL” (sales tax) f1 “Z B EH (BHEHRK)” (B7F:
X585 = RUER + ZHBL).
BEBRFEARN BT EAY, BLENHRES AN, RASCIED, xRy
1, BERNGTZE, x=4, y=3,
a B—HHR, RFEAPAEER, SHXMEEF,
b BTHOAR, AAWEAREER, 5HENORF.
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13.1 ik

O, NMAT “HWMAT Hk%, LREMML, ~NKEERYRAHENTES,
AEHGATFES ML RR. SFRTFESOELRRLEH (consruct) WL ANUF. RHFIFER
=RE,

FER—REHY P FEERIT T Rk, RAOBRA T XMAKS Mk, REERAN6
o, BATARB TIPSR, MRERWETRNAE, RNTHFEERSIMRHCIETLEHN
HREA, WAHSWTETRLEH,

FRENF-INEFRCIEZH “RALENH", RIIKIMil-clseiF 0K “RHERTED. 255,
RCIEEW “PEHEH”, tnfor, whilefido-whileiE 4, ‘BN IABAIAZRKIEIRRIE, BE, i1
HERLC-3 CHI%RB EHNX SIE M A A FILC-3ED, BlXSCLEMMREITA, it CIEE
AR T i answitch, breakflcontinue SR HILEHY, {EFTA X LR SR KB R EHIESRHL T
EEEOBASRX (BRI13.5%), BE, BROMOR, 0@ “ATRT" Hk, CARXeess
HlEEH, MRR— AT AN,

13.2 KM

SOFEERIIER, RESEFRTUET “SEfd” EREFG “HiE". RL—FEEHEA
WIRBLH, JUPSRGRIESHIIHXMEN. CIEZAMROTRREARALL. iORif-clse,

13.2.1 ifi§f

IfEMAER R, BRIER, MREHN KT, WRTHENE, FiF “FHE" (action),
R—ACiE, HERYKH (CREAR) HEM, FHT4E " B0, FE, RO
B ERIE S .

if (x <= 10)
y=x*xes;

b, BARYFER “x <= 10" B, B “y=x*x+ 5" FWHST. BE-THLE
R “<=" R, ER-AXRERA. YXRMIM, RARMEH EW, FERMEHO0,

RUEFERZERIED, TUR—FAMIED, BTLUR—ALEEH (RRBK, BFES
UFaBRBFS). FREAERD, Zh— RS HEEOAATIRMERXE, BXEE
BASHEFNT A ERED. 2TEAED, ROTTLUUE—REHEHN, TESEHGT L4
B, B, TREE, WROMFETI0, Myfzfatigs.

e,

\ z=1(2*y) /3

ECEF W, HMEABRIERRE, iBEOLTAS. WETEXAFIT, SFNgELRe
iEAH AR SRR IR, RIBREIEETUBGEE 5y, BBLE R S b bt
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EUNITH, BEETRAEHBRMERMNTE. HE—ROR, HRENERERLEMERF
7 behavior, {HA, FTHEHXBRRKG, KRS EERBGIEXMLL
(anfgst) . BRATHMTHHEL TR, B, HHHE - iEY
‘z=Q*y) /3 SifiENZRAFEEMEE, MERFHERETHR,
BRI RAT .
i (x <= 10)
yexsxas;
=20y /3

B 13- 15 RIAE B BRI R . %A 50T RS0
if (condition)
action.

MBS BV, KRS AANESLE, JAXH, 8%
B/ REHRBE S RORT RAERER, FHERYREHR 0

RERE 4B, ,
TER—EONAT, WEEHE (REH) Shrars © o CRTRMEONE
e, iR

if (temperature <= 0)
printf ("At or below freezing point.\n");

if (ta’ <= key && key <= 'z’)
numLowerCases+;

if (current > currentLimit)
blownFuse = 1;

if (loadMAR & clock)
registerMAR = bus;

if (month == 4 || month == 6 || month == 9 || month == 11)
princf (“The month has 30 days\n");

/* This condition is always true.  *,

i ,‘,x:sf’ /% The variable y will always be 5 */
ERF-BRDS, FE-TRBHIR, XR-MEANCIESRBHE, AERLBRRF
ABBEARRIL. U8, HRBAMCHIEBEGRMI RN, HQHBERT, X IR
£, RERIRFERAGRRIGERS (=), MARXARSHA (==). SHORTERE, T
RIEKD2, BEMEHHRAERE, BAMAEHE (B, mRREAR—RIEEH, W
RBRMEAAZI, WEH2). BFRAEATHI, FLARSK EORTERR: Ry SERHD
5, xR B MR A2,
MTRBEEORG, B52ZaMmREIERALL.
if (x == 2)
Y= 5i
TERSZAEMLC3IRTG, RIMIBIERE, xyBLELTR, AMRFHER, HRSH
R R, RS-HEREERY,
LDR RO, RS, #0 ; load x into RO
ADD RO, RO, #-2 ; subtract 2 from x

BRnp NOT_TRUE  ; If condition is not true,
7 then skip the assignment

AND RO, RO, #0 ; RO <- 0
ADD RO, RO, #5 ; RO <- §
STR RO, RS, #-1 ;y = 5;

NOT_TRUE : ; the rest of the program

HE, LCICREET, MAMRERAGHINAL (B xTETF2"), RFRBEIMR
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FURIE, RERTBS. X TCRERRE, XRADAREHOLE Y&,

fEE—RR, ifEPMHE, WATLRX—AifiEw. BOIER, CIEFXN “KEIl" #
Ko MTHECRBAF, iEhFE-NIZENIOEFORTEEER, FUR—-NIfZEFIRER
#euE,

it fx == 3)
%

WE&‘JlﬁaﬁJ 4 H NG A BT, ZBRROTH—HE/ENRS T &, BERE
A—AifiEOR? #0MTFRE,
i€ ((x == 3) && (y t= 6)) {
I

W W 2;

i
13.2.2 if-elseigfy

IMRFDRHAM BT, FRAEHBERIGTS A oE. Ba, BHIAEORES
KT

if (tewperature <= 0
printf ("At or below freezing point.\n");

if (temperature > 0)
printf ("Above freezing.\n");

o, % EemperaturefI AR/ FHF0, RATFO,
SHAMERA R, TEIRMEMHBBAR. XEAH®
TR (BWK), EXGFREHIEXEE, EaEXH
FiEHR, BERALHM. Kk, CIEFRHTS
FheE . if-elselfif,

ﬁnTRBMﬁﬁﬁ% SRR R EYT .

if (temperature <=
printt(*a: or Tetow freezing point.\n");

iR TR

b pnnm-uwe freezing.\n");
Forb, M0 RAHEHIRE, KTl /R TAIE
A Wt iT.
if-elselE 3 RMEHIKRE, ME13-200F. 52 @132 CiEdHifelseBElMsmiRE
X BERIREE KT BR <
if (condition)
aceion if;
else
action_else;
e, action_iffflaction_clsefi AR MITLURE — M AEL), W FEHIFHIR:
if (x) |
|
else {
4
)
Jorb, R RHAER, ANCRIEHI, WRTyRMAZBIR, TU, RTyBRMZEH,
523 RMLC-3RES, MmEI13-35R, BRAHRE, TRk, yRAIRBDHHNOBVER,
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T IDR Ro, R5, #0 ; load the value of x
2 BRz ELSE i if x equals 0, perform else part
3
N LDR RO, RS, #-1 ; 1load y into RO
5 ADD RO, RO, #1
6 STR RO, RS, #-1 ;i  ys+;
7
8 LDR RO, RS, #-2 1oad z into RO
9 ADD RO, RO, #-1
10 STR RO, RS, #-2 z--;
11 BR DONE
12
13 ELSE: LDR RO, RS, #-1 load y into RO
14 ADD RO, RO, #-1
15 STR RO, RS, #-1 yei
16
17 LR RO, Rs, #-2 ; load z into RO
18 ADD RO, RO, #1
19 STR RO, RS, #:2 ; ze+;
20 DONE: :
21

E13-3 if-elseif A3} FIAYLC-31LF
BALEATLAHE S RAEWAE, BRERORAEMLFT). EBI13-457E H— ATl
elself A BIRTE 42, MM ZA AN GUhRa EMIEM I bRBISH). BEGI
BER, EARFMARAGY, RIFTERHIZAMRE.

1 #include <stdio.h>

2
3 int main()

4

5 int month;

6

7 printf("Enter the number of the month: ");

8  scanf("yd", gmonth);

s

10 if (month == 4 || month == 6 || month == 9 || month == 11)

1 printf("The month has 30 days\n®);

12 else if (month == 1 || month == 3 || month == 5 ||

13 month == 7 || month == 8 || month == 10 || month == 12)
14 printf("The month has 31 days\n*):

15 else if (month == 2)

16 printf(*The month has either 28 days or 29 days\n");

17 else

18 printf("Don’t know that month\n");

19

13-4 fiH— AMRMEOEF
i, BMNBEBRE—TFCIEZWifMelse RPAN . FEHKE (nest) RBBEHRT, elseils5
CEEBLOIRAERE, DO TREA0, RIE—TZERANOEEY,

if (x 1= 10

IFHGHRN, RIS GE REG b Melse i 590 EMIfRLH, TR S5 A AR, HE,
WFRET, BATRRRELT M,

BRI, X else X SMRMITRER, BHE Selse MMERRIE. FLL, RBAN,
EERBSHTRE (EEESHaE) RS0
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if (x t= 10) {

if (y > 3)
=z /2;

else
z=z%2;

}

SRR b OEESERAN (MRS RARBNF), KIES 1R RS IE %I
WiFE, BRI, mREAFBZelse 5HRIHLE, WALESHREMTHR:

if (x 1= 10) {

if (y > 3)
z=2/2;

BR, FEEERIE-elseiE A2, RAVAR—if-elsesE A TE MR MR RELTS . Flif-elselfif,
RAE R FAENHIR, ME13-SPR, BAEARIEAF M, ARFHERR, HTFREH0
R “AEEADT, FILARATIE R P ARIBRECH0, RHTENSIRIETINE , Elk, RA1%ifclse
ERREATFEES,

A RNR, EHIBRMAGITH, EROWR (RIIF) B HIEI-elseHIMITH ,
TSR0 I BL A elsedfhsy . 24AR, EAAOSEIE MR S22 FTLAT B, BV SE  o 150 02 75 2 1F B
B (BR, NEBRIHERSE, AMESRTRIGEEHOLERER (HE SRS RN L
L 70N
13.3 ARG

TEBMHR (REH) WT—MURIES, RURRGH A TERS, LFHANRFRS
HRHHAME, CHEHN L =MITERLEH, TI2ZAFE—LMEEHN, HMwhile, forfido-
while = F#iE4],

#include <stdio.h>
int main()

int divisor;

1
2

3

.

5 int dividend;
6

7 int result;
8

9 printf("Enter the dividend: ");
10 scanf("sd", sdividend);

12 printf("Enter the divisor: ");

13 scanf ("¥d", &divisor);

14

15 i (divisor 1= 0) (

16 result = dividend / divisor;

17 printf ("The result of the division is %¥d\n", result);
18

19 else

20 printf("A divisor of zero is not allowed\n");

21

H13-5 HReERDNET
13.3.1 whileiffy

CIEH R E LM ERIE DR whileiFH, EHELR: “A&7 (while) FHAHH, WEHh
FEXED.” AEBE, REFEXERZA, BRKRERME. MREHDERA GETH).
MRZIE R AR BEIAT.
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fidn, L% gkxNF 100, MIFERGRBELHAT, ZEFHRLLEROTHR:
0123456789

#include <stdio.h>

int main()
intox = 0;

while (x < 10) {
printf(vad *, x);

P
) i
BA s whileiB AU Rlsy HIERsy . — R E R AL RIFRIER, F
fntest, EWRE T RAREFHEME . BRFEFHE (loop_body)
BT ZAT, EEEENIR, ZRHEFE (loop_body), EkE

HRERFETRMLIE. FH, ShTUE—MTAEN.
while (test)

1loop_body; W
BE13-6F0R R “ R Mek” danilwhileld @ Hlik R
B, BRFEERTY L —MBUEFE (R0 %), 54
Bl 8 TR test (T4 HEBKES ) . FE13-6  whilelE A1 M B
B 13-THR R 3 R F B4 HO~ORIwhile B, %1% 3% 4 RAYLC-31KAG,

1 AND RO, RO, #0 ; clear out RO
2 STR RO, RS, #0 ;

3

4 ; while (x < 10)

5 Looe: LDR RO, RS, #0 ; perform the test
6 ADD RO, RO, #-10

7 BRpz DONE i x is not less than 10
8

s i loop body

10 :

1 <code for calling the function printfs
12 :

13 LDR RO, RS, #0 ; RO <- x

14 ADD RO, RO, #1 ; x + 1

15 STR RO, RS, #0 ; X =X+ 1;

16 BR  L0OP i another iteration

17 ponE:

F13-7 M I E| O whilefER 3 B AILC-31C RS
FE B (sentinel) FAFNIRT KMFEFp, whilelBmIEH AFE, Bl “WREE", &5
WARBERRAGEN, BIFBLBRES, ERRERS FH (MU “HE") Sk,
i, BSEMBTRAFHEIRIF, HELRIFLER, E2BFFHEOT (End-Of Text, ASCII
Wifh4e) Hik. MRACEY (MARLCILAHEE) RELBEF, RIRATLUEAwhileiF s,
B 13-8FTR . IMEABITX M RFOHRT, BMZRFEHER, ©
FELERwhileFE 2 A0, BATEF A 48— Mwhilelrt % 10HSIR, MTRFAKTRELLE,
WG TR KM A2 K, BB, RSAI, HURRT L%, ROTFRXFER A
“AAIF” (infinite loop), HixHiRAYREMERTEFER.
© i WBFMEERMERR TR, BIFRAY, SAPRAFEZE, BAD ERITEEE,
AR E, CEELBEAVOMN R, MRAATREEE, WEFATHENRA, RIBERISE
PHARRIORS, TR,
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1 #include <stdio.h>
2
3 int main()
L
5 char echo = 'A‘; /* Initialize char variable echo */
6
7 while (echo != ‘\n’) {
8 scanf ("%c", &echo);
5 printf("sch, echo);
10
u )

B13-8 55—/ i B B while 3RO B Y
#include <stdio.hs
int main()
int x = 0;
while (x < 10)

printf(vid *, x);
i

13.3.2 forigf)

IR R whilefEIE ST “WRAMN BHIRIER, WCEZMlonEoMIENEATF k"
EHIETER. SAiE, forfAFRE while 85 7E 38 5L R1E A FF U BTN L T H9— AN B
foriZ i RIIEABR, RELHGT iGN, BRBEE. WMTHR:
#include <stdio.h>
int main()
int x;
for (x = 0; x < 10; xe4)
, et
R FRIATION, BT8R AT
01234567859
foriBF iR L, PIARKIEABER LA, forif BIINMARMS, WTHR:

for (init; test; reinit)
Lloop_body

FESRM= Aoy Rinit, testfiireinit, EHEHE BRI,
BZIAMy SHIF, BIG—1#5Rloop_body, RFEEIMEI
FHER.

AR for R IR LY FaRI4 4 D5y -

« init (4A1L) . RIES—KBEHRHERRITHORER, BEHE,
EH R IER LG

o test (FAMIR): REXBEHRBEWRTHHIBREX, #
Wi A3 R GRS, nRtestRAXMIE AT, Wforfh
Feeut, BHNEBETEMIEY, MK, MERERM
k%, WI4kEE T —Hloop_bodyWythiT. Bign, BIEHFF,
FiER “x <107 FRHIRZ “AEONFI0, FEHRBRLRER,

« reinit (BHFWAHL): BERBHRERZE, BEERITHE
B ERTFAT - KBHFFT MRS (BLAXHRA
“reinitialize”) . ANATG, &K T—EHRZA, ETRAER
B,

L epuiciia

E13-9 forif il f 72 Il
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« loop_body (#%h{k): REXBHABERMTMER. R, ETUR-NHAIED.

E13-950 1 RforiB MM HIREE . ZEPRSI B, o X HloriE MmNy, HKh,
testRKARR— M RAD LA, ERAREXOLERRE TRFLRRUEERBH, BIFreinit
sk, R4 TRHBEE A, B Eltestiish,

R forif Wy RIE AL BIEARZH B LTS B, HFX L, RHBHG (KA
ST forfFapR i Bl R, MERKKREAEN. WTRIES W or
.

/* --- What does the loop output? --- */

for (x = 0; x <= 10; X+

printf("%d ", x);

/+ --- What does this one output? --- */
letter = ‘a’;

i cen)

for (c = < 26;
printf("tc ", letter + c);

/* --- What does this loop do? --- ot
numberofones = 0;
for (bithum = 0; bitNum < 16; bitNums+) {

if (inputvalue & (1 << bitNum))
numberOfOnes«++ ;

}

B FERAOrERGIT, LUREHXFILC3RF, ZRFOIREMRELR, HH0-MBKF,
#include <stdio.h>

int main()

int x;
int sum = 0;

for (x = 0; X < 10; x++)
sum = sum + x;
}

Fii% 8 LA ECRIBA RMILC-310EG, 4 13-105TR,

T AND RO, RO, #0 ; clear out RO
2 STR RO, RS, #-1 ; sum = 0;

3

1 i dnit

5 AND RO, RO, #0 ; clear out RO

6 STR RO, RS, #0 ; init (x = 0)

7

8 i test

9 LOOP: LDR RO, RS, #0 ; perform the test
10 ADD RO, RO, #-10

1 BRpz DONE 5 x is not less than 10
12

13 i loop body

14 LDR RO, RS, #0 ; get x

15 LOR R1, RS, #-1 ; get sum

16 ADD R1, R1, RO ; sum+ X

17 STR RO, RS, #-1 ; sum = sum + x;
18

19 i reinit

20 LDR RO, RS, #0 get x

21 ADD RO, RO, #1

22 STR RO, RS, #0 X+

23 BR  LOOP

24

25 DONE:

26

E13-10 foriff)3f RHILC-3LFY
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T forfER M, FE—I% LA,
sum = 0
for (x = 0; x < 10; x+4);

printf ("sum = ¥d\n", sum);
printf('x = sa\n", x);

iE, A prindfipif R 22 ERE “sum=10", Hft4? N prinfiyiHHiNE “x =107,
BXRAI 47 FEERS GRS MRV, RRAEEHEY SHIRA L.

forfESE M B BAE, Helwhileh ATLASH KB, K2R, BEAFMIERIEQERHEE
LTS, MLERBRPERB—-NESER? EANMFERERE, B —ZBABN: whileid
A CWREHT, fiforiE & CATER KB,

EES T

E13-1FTRR—MorfaFR &4, M ERIEHRE R — A forkkty, ER—MERLEN (WE)
BEES IR OPR) BIBR, $h “MF&E (nested loop), BLARIES RATENHO
FORIREFR, Kb, SPEBRBRATATE BT, 10KBERABEARE10/T, AEERERITED
—ARBUE, HIEHIOKTER—FTITEN, HE, printfh RIRHFH W RE—absf, EL
SRR FIEM, EEFIaHEEFK.

1 #include <stdio.h>

3 int main()
4

5  int multiplicand; /* First operand of each multiply */
6  int multiplier; /* Second operand of each multiply */

7

8  /* outer Loop */

9 for (multiplicand = 0; multiplicand < 10; multiplicandes) {
10 /+ Tnner Loop */

1 for (multiplier = 0; multiplier < 10; multiplierss) {

12 printf("sd\t", multiplier * multiplicand);

13

14 printf("\n") ;

15 }

16 )

F13-11 —MTEHRERNEF

13- 128 RMR - R ROPT . HERZLR, AEBERKEBRTIEEFH
outer{fi, A BRIERE—RBHRKEA0, HIERIK, 20, LK, EiXFIMHERE, 1
EEARIENLS] (BRIEI36),

T #include <stdic.h>
2

3 int main()

4|

5 int sum = 0; /* Initial the result variable -/
€ int input; /* Holds user input

7 int inner; /* Iteration variables -/
8 int outer;

s

10 /* Get input */

11 printf(*Input an integer: ");

12 scanf(*$d", &input);

13

14 /* Perform calculation */

15 for (outer = 1; outer <= imput; outers+)

16 for (inner = 0; inner < outer; inners++) {

17 sum += inner;

F13-12 —/AE FREfor IR T
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18

13

20 /+ output result */

21 printf(*The result is ¥d\n", sum;

E13-12 —AERGEEIRIRIF (5)

13.3.3 do-whilef&#H

fEwhilefETR, MR 2 AU, PILL, Honilekit, momrif
FHRBACHONIL, M — K PR GT (BW—IFRRANR), T, RAIrE—A
whilelf A2 Ff—do-while, AR, EENWIT—BFFHME, SLEA, fEdo-whilesh
Hh IR 2 6 HI AR, T TR do-whileft)— BT
B

printf("%d \n", x);
} while (x < 1005
Job, BAHFLIE, WAH “x<10°. Bk, FoxBENFI0, BREESERGT—K, i
IS U, WIRT AR SABIR TR, BRI T FFR
Ciziiseres
IIEEE L, do-whileRwhiletfl, HSPHAELIL
dD]cap_bedy;
while (test);
H—R B (loop_body), R—FREMRE &M, K -REAKSR (es), Wi
TR S8,

13- 13677 edo-while IR ERAYE BIAR . 1L &5
While G2 A3, VIESHARI HMA R 2 7
. At TAVER SR HI, BT —UIRERATF AL,

Eik, CEENZHEREHEI AR, FRETH

-

ZIEEESIRA, MHECERLPRE, BR, —BRHK F
BTEMN, HERT-EMRBLRLE, MHEERER
EHHHEN, BAMEL LB, RS0, £TL T

L, BEXE L, ENRHENG, REMNEFRAHL
WEL, ERTEL L, iR T FRNRRER,
13.4 ETFEHGHHDERR

I T —HFOEHEH2ZE, TERIFAZRAEMRARRREE. A%H, RN
PR “HIR T kR =AM, KR 2T, ROTEHERCHEFIZ kR,

HAGRLUMA RGN RE, BTRAGNESESR, REESENRE, SBiXeEHE
MR, B, RIOCEINCESRAAEELNE . ZHEATRIYRILBHE. W
ST £ A0 = Fhis il

13.4.1 1. <ALECHEARR
AR, B RRRIFR, HRAIE.

E13-13  do-whilei& i iR B
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4
nel’

BEEGER, kR ERRER S RA, FRERE. B, B ARAS, 1
wa-ded ERRAEBRN, ERAMTRRE , AR AR

WA 2RI, WREEE S 5. I AENMIERD, BT RRRIFTR Y,
WRMER, BILL, BT Mdouble XA S MAT RIS 5 RAFTAER, TINFEA S8
RAERT, X bRRELSE,

e, RAVFEFEHMILLE, BRSNS WACER, ASGtRAE. RFkEnn
ot ARRAIARA (RERFTY), BIs EARAET, I RRRRFRGE, R
STER AR, W3 L4, AR LRk~ NS4,

2

4.4 4
=4-—+———+L +(-1)"" L
S R A

RARYRIF
HHpi

F13-14 RIBAERBRIFAIM, BT UERIER PR 51565 R

ME13-1450R, WFEA PRI & ROATELA N &, ENBEACRDEZRAHASF. 1
MFAHIEEH, EHFE—SEIL, PRI “REGHET MBSk, ZRRMESR, B
AERBAREN T, BRI PMAREOT, BREHTRAIREEHER. B13-155
RS . P B (counter) BBIFWHSRE, MRHBIENTRAIBAE, 1
AREETEIR . TER, ALEHIRREAY STorfE IR IR B AR (L.

e, BEREHELAET, BR— R, “HAT—R", THRUH. RORA, ERK
RIFRA, BiA BB R MR, THH R BRI, UL, FEHBR AR b FR
o BRAVEHERIN BT R BEOTE R A HT, REHEFI (1R-1) FHFREHFAELUE
SR, B, R WE 13- 160 RRFINE A, F13-17HR2 B 5 AL L5 R BT RERY 72
AR,
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£I3#

|
WAL TR KRB

HI3-15  “GMHHT BOROEREREL. B AR LR, HERERFAE R

TCountn N
veriti

B13-16 ARE M TSR0 4 MO R BRI, SRR ERBONET R ML

T #include <stdio.hs

2

3 int main()

4

5 int count; /* Iteration variable */
6 int numOfTerms; /+* Number of terms to evaluate */
7 double pi = 0; /+ approximation of pi /
8

5

o

printf ("Number of terms (must be 1 or larger) : *);
scant ("4d", &numOfTerms) ;

B13-17 R
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for (count = 1; count <= numOfTerms; count++) {
if (count ¥ 2)
pi = pi+ (4.0 / (2.0 * count - 1)); /* Odd term *+/
else
pi=pi - (4.0 / (2.0 * count - 1)); /* Even term +/

printf ("The approximate value of pi is ¥£\n", pi);

13.4.2 2. #HH

E13-17 HHMEGRF (5)
1004 P

TEETE A FERIRE: R 00LANEIFTE R, BTl “R%" (prime), &SRR

MEF G BROEN.
[RIATTE B F—#¥,

RMHIE—F (FRO), BAXEE X WIBERETHREERY. ]

FHRMA SR, FEARIME SRR,
T—$RBESMIL, HAMBRLREACEF, §, RISNERAD—LBIES (5
W1) | AR, HEAMBESSRAEA IO TES (SR, —£ DRI, TR HE.
Fof, T TAESREABFMLR, HAT FESRERENSI000%, HEC
REHFS. wRRFE, WHTERE, RIS, SRR AE, M,

gkt it A"

Bk, WBEI3-18F77R, ALIERITREME SforgiHdk ¥ fafl.
4. SH3

A CHECHREY)

B7R100LR
HIFTH R 3

E13-18  $REH 100LAN F 3 RIS B8 - RIT3%
BrBT, TH “HINART XATESHHEL. ZFESR, HEEI %
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REHEY. ik, RONFBESIA-AEX: MR- F2~ 1000 HOR L RE, WELATLL
W2-10TEEAMEAN HEE, BERTRER Y, E TN, RO ZER A 0 E
13-19B0RAIFHik . 3HTAEES (2~1007EE M), RANAB/RK A2~ 10BN EN K, £E
FERECERON (EE, IMETRREERY). WRFHFE, WZERE RS,

TRENmE R
. ¥ WHTEDGH]

v

A13-19 5y fCalcPrimefith
Bfa, BITEEMMUEOHTFES “BA2~108 %" Bt —SNmit, XBEiLZEER%
BRLI2~105 M e, A%, WA BRI B IBHIHR, mE13-20077,

1320 syARHEbR “iLIZMBRLI2E 0M B %"
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Ep, BRNEATIUFABRRET. mE13-21577, BFQEFHMRENOIER. SNEMHEE
WHR2~100, S “HAT TAESHBERA . NEFRFHESRHNIZKEENRE, ©5F
% “HRA2~108 87 MITEIRA B,

#include <stdio.h> ‘{

#define FALSE 0
#define TRUE 1

1
2
3
4
5 int main()
6
7
8
9

int num;
int divisor;
int prime;

10

11 /+ start at 2 and go until 100 */

12 for (num = 2; num <= 100; numes) {

13 prime = TRUE; /* Assume the number is prime */

14

15 /+ Test if the candidate number is a prime +/

16 for (divisor = 2; divisor <= 10; divisorss)

17 if (((num ¥ divisor) == 0) & num != divisor)

18 prime = FALSE;

13

20 if (prime)

21 Printf("The number %d is prime\n”, num);

22

23 )

PE13-21 K230 10022 8 B 47 R S o2 e
HEEE Rprime, EGRARBIRMIG, EOEMD A", BENBEFH, — DRI
BRBRIE (FE2~1020), WHREMEA R, BOIER, mRHEEFREHRR, REMESE
HI, WERERI A RE. Bo, AHELRL, HAUSEMTCEFMHTSLESE (Ri#define)
FE X SFALSE (#£%0) FITRUE (ft%1),

13.4.3 [Gf3: HH—E-mailithit

BfE A FER, AT RAMARE-mail it R R 48k, BTE “Aukieal”, BIEE
~AME-maillphtFHHER, FHERLALE ‘@ 1 7 FH, H ‘@ HeLHAMAE
i .

SHmAFE—F, BMES (SRO) RESLTOHRIERY, £EEEF, hTRIM
RO KHE, WREAN XA RRRASCIR, hllichardeh, $k b, HEMMASCANRLE
BARARRE TR (FHFH$), BRNENTERAAL A" XHEY CHEBIENB).
FRLA, A8 Mchar %,

FHEZFRERMICE R, mE13-2207R, RIVEHFE—IRA “BARE™ f1 SR8
FABR (FPD), R4 BB, A E AR WIY A SAE-mailihhl, TENH .
AR HARE” BHEH i — S AL,

HX HALET BRMAL (SE2), MTRIEMORIBRRLE FHRR, FlEKiE
A—AFH, RETHER, HAEEANE-maillbhb FFREHR, LEFSBRTURM “HRAM"
Wk, mPBFR, ROWEHRBTH (\n) G R, BIREZE-mailkhh i 5
-k

SR RRFEREAR T —FFLE™ Bk, EMEFRES, HE-mailibhtdhargl
T, BOMERE. B8, RIOWREESS, A-2REEWATH ‘@ M1 7 WEENM
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B ik, BRAMEARAERIZFHEERE, ERFERZM, XEREMEPE T 8GR IZHH
HIHB.

F13-22 SHTE-mails AL B FFROE £ A1t

i, BNEREHCRBCLTET . EE, BI3-229MEF L 5do-whileiE M KRR
AENARL. B13-2350 R 1% R 4 3 B IC RS,

1 #include <stdio.h>
2 #define FALSE 0

3 #define TRUE 1

1

5 int main()

6

7 char nextChar; /* Next character in e-mail address */
8  int gotAt = FALSE; /+ Indicates if At @ was found */
9 int gotDot = FALSE; /+ Indicates if Dot . was found */
10

11 printf("Enter your e-mail address: ");

12

13 do{

14 scant ("sc", &nextChar) ;

15

16 if (nextChar == '@')

17 gOtAt = TRUE;

18

19 if (nextChar == ’.’ && GOtAt == TRUE)

20 gotDot = TRUE

21}

22 while (nextChar I= ’ ' && nextChar l= ‘\n'};

23

24 if (gOtAt == TRUE && gotDot == TRUE)

25 printf("Your e-mail address appears to be valid.\n");
26 else

27 printf (*Your e-mail address is not valid!\n");

28}

F13-23 Fif— A E-mailiphit R 7% & ikHICR
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13.5 HHCIEFEHSEMN

BE, RIVHCIEFMEHLEOE—EITAB. BT ZAELILERMF, Ki (if/if-else),
P&FF (for/while/do-while) H®AIBHLMIL, TEBN K Bswitch, breakFicontinueix =Fhif
f), ENRARF R U HINBFRBEHIE. ZHUERNBEN, ARHTARIE L
WseRtk, MERBIBHTH, BAEERX =ML,

13.5.1 switchiEf)

B, ROMELER MR, MHEMEE—RFOMIR. G, EoTRBS,
BV F L HkeyPressfii—RFIMIMIR, BERER “a”, “b", X", “y" $HEFH.
char keypress;

if (keyPress == ‘a’)
/* statement A */

else if (keyPress
* statement B

== x’)

else if (keyPress
/* statement C */

else if (keyPress == 'y’)
/* statement D +/

e, MR RkeyPresstIfE, RAVH HMFTHRIANA, B, C, DIFBLLIEH (LATRE—1
EWAKAT). Bldn, nRkeyPressHTFH “a”, MIMFFIEMA, N “b", MRIFIEWB, kit
i, afkeyPressBEAFTa, b, HAFFxky, Wit 2FWHFHIT.

MRFESHENFEERE, W EERBIUR, AR STRICRORAE, SFERT, H
FHIOIAEDMERNT—E. HRRER - TRICRBOHLE, BT PEemiX, ClEER
B TswitchiF ), MTFHRRIG, EMTAE EERBxEL—#. TRAZLR, XERMRswich
B, RS Mif-elseiff),

char keyPress;

switch (keyPress) {

case 'a’

/* ut-!tement A/
break;

7% atatenent 8 +/

break;

9% eratement ¢ +/

break;

case 'y’

/* statement D +/
break;

}

RINEEF], switchiF DB EMBLKBFcaseFF LT, caseZ FR—MRE, BFE LN
friyRswitchifify, itHkeyPresstfl, ASF, WE 5ILACRMcasetnE, MR, MHhIT
case{TRJERIIE),

TEAF AP — FswitchiZE MR H, XBiAswitchfRIIR—/ “HWiRER", AR
WA SRR “BHAR" (Mintchar), IEHA R B 5 iFA X EITR, WBFRHR
B EZcasehi B FEMIENRABSR., i casefT2/F, TUREMNER, BALIHE/ M iE04
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B, mREAED—H, AETEELRDROAES. WE swichT 4FDKRE, RITHES
ARARE HswitchFARE LA caselT, T RME—caseRb FLAIIT, —switch&yh,
B casehREML AR, BTV HIMRE 4R .

5o, caselRERMINA BARH RRN BRFEAR, TR -NTREN. SMERFNTIT
MO, Fian, MTRABRERARN (HAR—ZR):

case i

g hcase 2 JEHIRIGH, #BLAbreakifMEE R, breaky {F &8 HswitchZh 4y, AR FIEH
WEEE R switchRIHE S ZFHOAA B, breakiB WM, HTRLEMN, mERHAbreak,
B FRMFRT, BEEFREBRA T —case, Bitn, m EERIDHT, HRDHRCEIHH
breakiZWMER. A4, fnRkeyPressGease ‘x’ KA, MLESBCHIDARS Wi, X bE—1
GRS, (LBl HH AT, caseflI REBEREA —break,

B, BH—HBikcaseX B, Hldefault, CRITERLE, Yswitch#ERE 5 Mcase B
AR, MR FEHIR S A defanl R ERIE ), WiaRswitch#s # A i # 4 HdefaultfT,
W HswitchF ik 5 HiFcase B AR 20, (EFTIEDETHIT,

R, MIBEEHR LR, switchBYB G —A-case /5 H % Ebreak, FA, Tibanfi,
switchfh T B ADR BL RN, (B8, ERIG—Peaserh @ &break, R—MFHIREIM, B,
VRREFI—casefERSE, WA FIHESH HRT—case/FH 4 Lbreak, FiLA, SRIEEA case/FH
#ELkbreak#5 34, & — 1% 2R,

13.5.2 break#icontinueiE

TEL—Hid, RAVTBT EswitchZhtgrh, EREMbreakifify. Wk b, EHEFLHF, 8
IRt { FbreakiE &) B continueiE ),

breakIfE AR, k%% 4R — MRATRH EF BswitchZHIRI RIS, 7EFRF M Mbreak,
EaBkbreak BT E M B BIER M, ALK ARIER, HELZ T, continueiBAMIEME, L4
BN — RIS, RATET KRBT, XEEDTLUHAAEREREN, B REE
BEENHERERAR. B2, breakficontinuef A FIEM R, iERiFMEAR— TR
&, WTEFR A AT B AR E RS — LB (IR SIER AT AL . TR
% F (breakFicontinue) :

/* This code segment produces the output: 0 1 2 3 4 */

for (i = 0; i < 10; i+s)
if (i == 5)

break;
printf("3d *, i);

/* This code produces the output: 012346789/
for (i = 0; i < 10; ier
if (i == 5)

ue;
printf("sd ", i);

13.5.3 MRITMBHIGITF

ME13-24FRMEF, SHI0RGIHHRBGITHLL, Dt LR, LRETHAPRAZAS
e WKL BRA, RIER2, AF, HRCRERMUER GEHE) | BJF, BHHEER
TEXBMRT, #RAswichiEa, BRETRIERFETHE.
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1 Winclude <stdio.h>
2
3 int main()
4 |
5 int operandl, operand; /+ 1nput values ./
6 int result = 0; /* Result of the operation */
7 char operation; /+ operation to perform  +/
8
9 /* Get the input values */

10 printf("Enter first operand: °);

11 scanf(*3d", soperandl);

12 printf("Enter operation to perform (+, -, *, /)i ");

13 scanf ("\n¥c", &operation);

14 printf(*Enter second operand: *);

15 scanf("%a", &operandz);

16

17 /+ perform the calculation ¢/

18 switch(operation) {

19 case '+':

20 result = operandl + operand2;

21 break;

2

23 case '-':

2 result = operandl - operand2;

25 break;

26

27 case '*':

28 result - operandl * operand2;

29 brea)

30

31 case ‘/':

32 if (operand2 != 0) /* Error-checking code. */

3 result - operandl / operand2;

34 else

35 print ("Divide by 0 errori\n");

36 break;

37

38 defaulc:

39 printf ("Invalid operation!\n");

a0 break;

PO

a2

43 printf("The answer is ¥d\n*, result);

4 )

E13-24 HHEBERF

13.6 /g

BB —TAERLANXBANE . FENEFEOL, $ICETHILHEHEN, YR

WA VACE S RARER Ty AR S

- FINiLE K, CERAPMERAINIER. itRifelse, ERMIBLARENER, # &tk

TRl R ERATRYIE .

« LM, CIEEIHFZMIERIEM. while, forfido-while, XEE MM AR, THRE
HBSTHAE R —BRID, EFHEREREREEHEMIE, K4, whilefido-whileid

& WRRNET FEHIHR, TforlliE &1t S EHIE K.

» ETHIAARIE, ERJLESTORBHEEGER b (MCIESHIMERLY. T
B, EHM RprintfiiscanfFI/ORIE), FRXMMT “fHISH" WRBSE, BE, b

REBEHBEY I, RINEIT = MR EHHT .
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£F13#

13.7 3@
RS FEIB-2450F “HABRF" #), MLCIREREROTFER,
132 REELATRE:

13.1

a.

o

c.

ITX B, MaEBLR2REOERETLY
#define VERO -2
if (VERO)

printf ("True!");

else
printf ("False:");

AR ATERR R 47
mRERRBMT, ROHWGTESZHTERATLTRE? bitar
#define VERO -2
if (VERO}
printf("True!");

else if (IVERO)
printf("False!");

133 ZECIEES, if-elseif QR LABRAMFESRA (126.37) . RAif-elseBNEEMTRIKMZ
BAiED,

=a?b:c;

5y B a0 T B Ex=0FIx=1FhH 5L TRIZ I

a.

i (x = 0)

printf ("x equals 0\n");

else
printf("x does not equal 0\n");

b.

if (x ==

panLE("x equals 0\n");

else

c.

printf("x does not equal 0\n*);

if (x ==

else if (x !

prxnti( A\n") i

printf ("B\n" 1.-

else if (x < 1)

printf (*C\n") ;

else if (x)

d.

printf (*D\n*) ;

int x;
int y;

switch (x) {
case 0:

y =3

case 1:

y -
break;

default:
-5

break;

e FAEy, MBXAREFFOR, KRAEMHL?
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13,
13

13

.5 SRR S 13 4554/ MERIswitchif /), HILC-3 CHRiE 28 412 fa BT A AILC-3RTG,
-6 13- 1251 R — MK EforfEAMCR A, R ELUTRE:

a RAREH %, HHTERFOHEREY (RHERRE) .
b RRERF, HHMT&EYK:

fm) =fr=1)+f(n=2)
HhRIEA: fO)=1,f1)=1

T R, fTif-elseif 4) e AR R switchiF @07 AR ATLL, WiEeH, MRAFILL, HLH

b:1::8

i (x == 0)

8 iKid, EAFRIZ KIS, loopBodyiE kIt iT ik sy BIR £ 0?2
a
while (condition)
LoopBody
b.
@

while (condition);
c
for (init; condition; reinit)
ToopBody;
d.
while (conditionl)
For (init; condition2; reinit)
LoopBody:
e
@
o
LoopBody;
while (conditionl);
while (condition2) ;

R, T & RESBR 2y SR 40

a.

o

a-2;
while (a > 0) {
a--;
}
printf(*sa", a);
b.
a=2;
a0 {
a--;
} while (a > 0)
Printf (*8d", a);
c.
b= o0;
for (a=3; a<10; a+=2)

b=b+1;
printf("%d %d", a, b);
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13.10 REEBME 13-4FRERRA, H e pif-clseif MHHhswichiE),

1301 RXE13-2357RK “E-mailip it RAE” BAFMHES, HEASMRIEER, EE-mailit
WFHFEF, HE@H. HE@f.ZH. F5.2E, ELEE-NFH. WREHERN
E-mailffphit, A iNAHRAE BN,

1312 REEFCATREE, 6, xR TREDAEL.

a T AREATE R 42
L€ (75 % > 2)
printf ("True.");

else
printf("False.");

b. T RED & TR IEHRG?
while (x > 0)

c MTREBMITE, xHIEH S D7

1313 RIA0FARAG M B, HorfE IR My hdo-whilefi#

int main()
{

int i;
int sum;

for (i = 0; i <= 100; i++) {
)

3
else it (184 ot 3)
sum = sum / 2;

J
princt ("sd\n”, sum);

13.14 RESCERF, EREHBAL, REHREBHET. X+, BUTRL, F2HEFAN2, §
TREAS, oo, HEBF—ATHIC L,
B, AR5, WARHIT:

1
2 2

3 03 3
4 4 44
5 5 5 5 5

13.15  a. 40 T while(E3R & # Aforf #9154 .
uhlle (condition)
pBody.

b. ﬁﬁquorﬁﬁéﬁmwhlle HiEA) .

for (init; condition; reinit)
1oopBody ;

13.16 ki, ﬁnT’rtBQa’th SRR A2

for (r = 1; r <= w; res)
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for (s = r; s <= w; S++)

sum = sum + 57

printf("sum ~td\n, sum;
1317 TRIGELRA LI, K
int i
scanf ("$d", &i);
for (j = 0; j < 16: j+u) {
{

if (& (<< §))
count ¢+

}

printf ("sd\n", count);

A ERY H RZ R 47

13.18 RN T & RIDEMMBLER.

while ((x > 10) & (y & 15)) {
=y

printf(va4);

b.

int x;

for (x = 10; x ; x = x - 1)
printf("er);

c.

int x;

for (x = 0; x < 10; x =x+ 1) |
if (x % 2)
printf (*+");
}
d.

int x = 0;
int i;

while (x > 10) {
for (i=0; fexii=x+1)
printf (") ;
x ik 1;

}
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141 ik

REREFRF, fiFRFRARGRIESHRA. REHEFRRET —HRBTHROT
RALE, BXMRFCHBEFRNSGHN-T R, BERSIENEE, RAUNEROBARF
BELTALE—EBs, FiARRNIES RGN, ERESH EBRETHERMERLH (B
$ELC-3),

REBRFAHTER, FRFSRG®, EMNBE—1BR. At AR EE? HAER—#
‘a7, BNl RS, RAOVEHRESKIN BT E. Gl T/ Thies, HERTEN
Hkgrett, ZERATLUEEY l— MR T AR ER (RS ERsERa). R, mRig
AR, WETRLUXH—DERALE, UBRIFRBTE RN Z LRAkIE, -2 4REMHI,

BBV TPEE . ELCICRES D, RINMEAMERT ZHAR RN, NiE
RS, LC3WMILRTRFMCHERAF AR, BARE 1,

CEFRE—MENHBT "% WRBIES. Wi, FAL, CEFRRANNES.
Hrb, BRIEDERTEURT /M. FIANCEF, BMKmaink A AhiT, HEHKFmain,
FEmain® B, XATCAAMAN RS, TiXebmB X ATCAAAE LR, ERLMRHREN
£38 Bl Flmain, main@AILEER, BREBFOE L (RIEFFHELBEIMEREREBFHAAL
1k, fnMid, HEE%E).

FRMTBCELFOEY . RO —ERERGRF L, §RHCHRKBAMIEES BN
By RE, HRRMAOKINE, DURAMREKES TE, KEMLALANBRE, BE, #
i R, R RBERE D RENRA.

142 CEETHEN

TEE R ANCRMGIR, B14-154, EXPrintBannerf—ATEIHE (banner) R,
B Mmain 46047, BSF IR APrintBanner &% (£ RRid b, ITED—RATHY =" FH).

1 #include <stdio.h>
2
void PrintBanner () ; /+ Function declaration */
int main()
{
PrincBanner () ; /+ Function call */
printf("A simple C program.\n");
s PrintBanner () ;
12 void PrintBamner () /+ Punction definition */

\n") ;

W prinerce
F14-1 P R AT ENbR (s BRICR
& PrintBanner{f ¥ H ¥, EXHEEMNAAEBERBEMBASY, BABEAHRYE
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BHEMMER (Bitn, AHEELIHTEOFHFNAN8) . £k, RIOFmainRBHBAE (caller),
PrintBannery#& 8 & (callee),
1421 HHBHEN

fEPrintBanrerfimainZ if], WHEBRE, FLMEOFRKIEN WA, (L%, RNHBEE
ERE RO Z B — R, Bl ETEEAEFR, RIEMBCES PRI
EREBEE. B4-2PRREH, H—HHAS%KO (argument) #)EE K Factorial,

1 #include <stdio.h>

2
3 int Factorial(int n); /*1 Function Declaration !+/
.

5 int main() /* Definition for main  */
B

7 int number; /* Number from user -/
8 int answer; /* Answer of factorial */
9

10 printf(*Input a number: "); /+ Call to printf */
11

12 scanf("¥d", &number); /+ call to scanf .«
13

14 answer = Factorial(number); /! Call to factorial 1%/
15

16  printf("The factorial of %@ is %d\n", number, answer);

17

18

19 int Factorial (int n) /*! Punction Definition I/
20 |

21 dnt i /* TIteration count “/
22 int result = 1; /* Initialized result  */
23

24 for (i = 1; i <= n; ivs) /+ Ccalculate factorial +/
25 result = result * i;

26

27 return result; /*1 Return to caller 1/
28

142 HRBROCE

Ei ¥ Factorial ES I HMIBIn 2 [, FIARKNFR, K, ntoEHAMAE (mainikl)
Rt HZREODRETAUEAR, WTFHR:
factorial(n) = n! = 1 x2x3x - xn
e, BBUHRERFEAZ Rresult, REEELFEAE Ghidreturniff)), R, &H
Factorial A\ IZ I EKMBT — M EHA K, HHEO - BULRAWAE. ERBATFH,
Factorialff)i& BHA X #M & TR E Fianswer & ($1447),
RMMFAE - TFCES P RMIAAMERSR, BI4-200RREF, HUTRRINELEN.
3fTHIFactorial ¥ A 91, FIFTRIRBE L, H14{THFactorial R ¥ A, #2747 Factorial i
B,
1L A9
#5347 RFactorial M H] . RBFUIMHMBH 47 FERE, B RETIEFRIEER
WA R (AR —H) . BATKAR 2% “ &% ED” (function prototype), Hi
© Bl “BABY (argument), XUBFEHET. BABKST, MTFCLLENAMAROBOER, #
BEEERMARTN L (SHEABHBBERER) . SRBERTAGE, CAHEENLREER
HZEEHEROIER (TIRBERLTIIM), FURMAAEZY B (G O®Y) 25" ¥
ER. —EHE
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FHBAELE: BiA. BEEXY, URRASEIE. REFWEOUSS ) 4R,

RBGE FAR R R FEWIEAME — N F B, EERALUREMCAR, fnint, char, double’,
ERAM R BB ENREAR () %R, B, HTRFARESAEEE, m2
BB T @PrintBanner i, AN EBBABEE, ROFEME R Rvoid, EHEAR
FROBBR, LAY TEE LR,

BONFRREES A, BBATURAER S ERICIRIAR . R0 R T XAE B i% R B
—EATH M. Bltn, FactorialixAM@¥4&, —Futmil R0 HERE “Hr K" (factorial),
B, ARG LHE, BRAMERAZAMZAFKS, nbth, GEAOEFRHL
KEFH}, 4nFactorial,

FERBMFEYS, hiR T R TEOMA LK (parameter) WXLFNF, ENQRIZE
BONZEMRAHE RIS RRRRE AN, EHEM, ROTUHEIEHEE—- 4T (B
ARALEM), B, &KFactorial i BRIFmh, WARKE - MERIE, EXMNREEHN
Hhon, HHERBAFEETHA. Fim, PrinBanner M S HFIRBREZM.

2.8R

1447 B $Factorial (i Al . %1% Rmaineh $ 18 Fl T & $Factorial, {8 ZEFactorial &
AT ZAT, main BB LB EREE BRI, BATRR e B (500 4 W B X L B
K47 (argument), BHCTLURMEMA BMFER, RRENOADLASHIBAEFEED
HAAILRL, XEEHRMAERANERAFTNEESE, fim, £XFF, main@¥HER
numberfJE {E AT A S BB WM , T & B Factorial {3 1 {H MK 44 25 Fanswer,,

3R

ME 1967574, R L Factorial MBI TG, R, &XHIH—FIEUMERE LT
(BRTRENS). RBAREIESHONAREMAE R A% L (formal parameter list),
B “EREKSIRT, R—ATROEY, 503 RAAE IR R E R R
WiH. B, A6, B1447A &Y Factoriallt, XS BnlINA BT Hmainfi R &
numberfyfe, 7EEREHEMLL, WHEEBHHRSHBHEENLSRIIRHELHEY
F RN FFARICEL

ZIERIKIES MR RSk (function body), ZEERHAT, Q&MRRKMITHHHENER
FUFED, EMEAESAHANER, FRZRKORBHER.

HR—ROR, ZCESS, AFAMENRHBLERBIHALERRER TN, Fla,
Factorial (#IAM#) TitE#BEK (HAFmain) A% Eoumber, 30, RHAMAN, B%
e RAMR “HH" HR.

4. &=

H247E, RAFHEHIEA @K Factorial RBLA M (dumain), i F i K Factorial Tk 5]
—/AME, BILAS#idAreurn 4 BB — ARk K, Bi%FARMFR L 505 8 B 2R
AAILAL, Bi4n, Factorial/f) “return result;” {4, Effresultsh 77 ik it L iR B A A .
A, B RN E D rewurniBf), TR A& (B hvoid &%),
AEErewmniFf, REER, EXXEAYP, reumBORTETEYN, RERE—KIE0RG
55, BEHIBURATLASI R A RS .

W2, main@BnfTEENE? BHEEXEEint (ANST Chul), HERIEMNTFHEHE
AeMreuni®fg, FK b, REPEREE, ENEOFAR T, RIOMEZymainR S F—

© 3, argumentfuparameterfEEiiE Y ‘B, Wk, FHENLIRMY, —FHE
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% “return 0;” B4, ECIEZF, MR- HEEAMNRHEHBXBEE—ME, WHRE—&
EARATE RS BRI, B FRITE % ZMmain® KAViE E{E (main& B4 A6E), BLL,

HEERR, BB AWE FereturniE ).,
THE, BRIOBE—T ER&iF%: REFH (REY) HEAL, ARESEERKIEL

(R% 4. 2% CRAEMAE) OARONF, BREMETE) , BEELRZREEEHER
B, ELPASHFENCEESIR, BESSEHAFINF, BROBIEHRLBYEM. #
HANERASREQSERBIARMMBEE SN, CITHEREORF, HiEEEE SR NE
XS, WEINTEREEINT2%,. F2MERSTE2N 2%, Rtk BRI RKNHK

H, fERRBIARE.

1422 RM|ETR

E14-350R, RATHE—SVRCREMIESE. BRFOESRIERFHER CRBEHE
fel—A/NE). BiED, ROFEROFEL, HHMESMALEXHNBER, RFHE.
FRFH, RIEWE T — R4 E 4 @R B E B & H AreaOfCircle, 1% & ¥ —/>double %1
2%, BEE DR doublef RILER

#include <stdio.hs

/* Function declarations +/
double AreaOfCircle (double radius);

int main()
{

/* Inner radius +/
/+ Outer radius +/
/* Area of ring */

double outer;
double inner;
10 double areaOfRing;

12 printf(*Enter inner radius: ");

13 ecanf ("s1f", &outer ) ;
14

15 printf("Enter outer radius: *);

16 scanf(*$1f", &inner

17

18 areaOfRing = AreaOfCircle (cuter) - AreaOfCircle (inner);
19 printf("The area of the ring is $f\n", areaOfRing);

22 /+ Calculate area of circle given a radius */
23 double AreaOfCircle(double radius)

{
25 double pi = 3.14159265;

27 return pi * radius * radius;
3
E14-3 HRRFHERICEF

KRR, EE TERXBISR: Y@K AreaOfCircleh i, & ATLARE B3R EE Rpif
Z¥radivs, (BR, EFEBEHIEMmainBEEANER GEEERIM).

¥ AreaOfCircle 5 7 B il M8 & AR, fEmainiE ¥, ¥ £ kil flAreaOfCircle, ZE,
AreaOfCircleBHRATE — N £ A Z R E (XUREBMRAZ—). NEXHERE LXE, Kk
BRPFEIH—EEY, ENSELERE LT G WIEM. FLL, #nAreaOfCircleX )
EARELER TS, BEAKHRT B FAOZE, HE, SHEOAKRSETREBSEP, H
R TR, SE MK (embedded in-line) J5#k4ALL, {# fAAreaOfCircle 3 {#3
ROEAEMAE.
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AARIFILBI126.29 0 A% “WRIE™ MiHE, EH2574, RN KX HERpiEHY
const B, {EXHARA, XREN, RINFDEARLE 12HMIXE QER X617,

14.3 CEEPEMHLR

THEABCESRBMEELRFR, CRESLCITHTRE (B9%) RFHNHM, B
BOREELME. ECIEES, BRMMGE=IEFFR: (1) WA BHAERSRIEAY
WHE, HxdEai, (2) 87T HEAERTES, O) HWHAZER&EKSR, HFHE
WRREAWAE. ERALGHKRAS, F—AREFN, NRELHARE “BRFELH",
BAER, — N ERBTUBA N EAERA (AR, T aexd i8R AT R R 5
). EAYE, RITKHULC3HE, PRzt ReKIL,

14.3.1 E{THE

RATEERT—FHELH, ERBBIAAM, “BIE" (activate) WIARK, BuiER, &R
BN, BROBAENTFS, HiZRBNBHERSREE, WENT:

B EFCT R — M ERE BRI ERANTFBUR (memory template) . EIBI2.5.27 HRIIEIR
EMIIEHITT, RIEAFRFEREBHERS R, A¥CPRAEVMENRNER, £
EZHigFPMEH— ML E. WidkE (frame pointer, RS) tRiAMIRTEZIDFIVR ML, AER,
TEHIDFAENFEIIT 057 ERRA & KA LA T AL

(1) HRI—HEBAF AN RYY RAFREH LR . G, RBAHEHITRE
HHEXAL, RMBEIEZDRIEMALYRL, hibdelE, YR, EXFHHRAT, &RJMEHILF LA
HMEAER, XHERSRE, BEREAYT, BFEE—RFIGRS. fiwm, E&HKAT, F
KAREAT (TREKA) B, RM0T? RIOREFFRA “#92” (recursion) (FRFI17I),
WREFABA T EAC, DAWEMAHFANRDHE RGN EARZANEDHIDRER, SREFH
AR, FLL, dTFRCIETXHIIHRAMBRIES, HRIZERMM,

(2) FR2—@R¥EWRA—K, BABEAFTIR—-NEHIEFREE, REERM, 0
HLEH IO REAEE, LA REAAR R, XFHRBRRIL G RIAR, ARFRYE
#RfE, B FEKBA (invocation) HMA, AR AR R— MBI ERMZE,
Fibk, mRRMABAEEDT, WKBAEAR A CMEHIDRER, MiZoREmS5HAEANE
IR ERA—FER . Joh, TR — SRR 2R T At RAMIREEH “H”, T
LA bR B R B IR (R BATA A kB, BRIAAIC), W FHIpTT.

E14-4F ARG S, B&=A &M main, WattFiVolta, ETFHENRBMES R4, HE
iR BEHSEE (ROVFTXOORLEARK), FLARBE T Hhp— L@ RID, Kb,
mainif fiWatt, WattXififfiVolta, 2JF, {&HI#EAmain, F2f5, mainX J§H Volta,

1 int main()
{

b = Volta(a, b);

}

int Wate (int a)

3
4

H

6

7 b= Watt(a); /* main calls both */
8

s

o

1

E14-4 PRI BOAARARAHE
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&
12
13 dnt w;
14
15 s
16w = Voltalw, 10); /* Watt calls Volta */
17
18 return w;
19
20

21 int Volta(int g; int r)
22

23 int k;

24 dnt m;

25

26 /* Volta calls no one */
27 return k;

FE14-4 (R BOARERAE (50

FEAERECR, A HCHEDIER (RERPER, T EBLRBAEEANERSE). &
KRR, R A RO, ERPE P hIZIESIE Ty B — 2. 1455,

23
A8
Re thd
o RS
RS
XFFFF

DRITIAMRRE DT RAFWaIFGRITH o) F 8 Voltadh f7i#

R6 Re
RS 6 RS
RS

d) FR A VoltaSe Bl Z J& o) TR Wausg i )FF Fr Voltagh f7#
FE14-5 P 14-4F0R B RS AT A B2 (A R

b, BAMERERE-MEEREMEDIER. ERXAER, HORT & &KERMRE R,
B TR AR ZE R B AR AL /DR IL . TERE, A BURTUE AR, BTS2 (KA A 77 331k 75
FIEEE, BRIFZA WK,

F14-5af7R R FFRIFF AR R I, i FRFMIFGA Rmain, BTLUK b2y B2AY R mainfy i 3
gk, FE14-5bPR@mainil FiWat 2 JERIRR R IR, 1E8, HahioTar it RAR S, BE %
AR, EEHIERAL, RECEER, ERHIEF kA, E14-5c~FR, RAERTIZTHA R
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Fieothi, b, RSBRIGALAIEHICFMHENMLE (RHEROLHILIL), ROBRIRMET
BT (BEL, XRRERMAEE). 82, ZEFFESEDTHUARCESHRKKAS,
WHEERR MG,

14.3.2 LTHHH

REBA, @WWAR, RESRLFHER . BRERIEE, BHSIOARMKKE, 25
&S Z AR, XETHE, FRZHEAHEAT. AOZhBIBAME R,

TEREETIEMERSRRE: (1) BHEHSKEE NP HEALFEGRINANFER. (2)
WA EMNTF ARG, HEPHICREA, HERPRE—EEE (bookkeeping) EB (IR
R HAGE AR, WREORBHERIFESASERRNGLEER). 3) wARE
TRHCHIE. (4) HEARNERZE, $EHLFHE, FHEHERERE. (5) W
FAEEHIEHIUT, KR 8 E

THE, RAIREERTEERIEHLC3RE., fitn, E14-4h%18F7FRMRKIAMIESD .

w = Volta(w, 10);

B A3 RLAILC- 3RS 40 FATE .

LM

£ “w = Volta(w, 10);” {4, VolafyBRERAER, BEERSF BT R, 7£5H
BIENBMEALCIRBAE RS, RIFRMHTMTIE:

(1) @R BRAEENZITIR, FRBVoltafsE B Y. B4, HFROBEITEITH
ARRITHRS (3024 AT AR AR ATERAL) & BTEL, BREHEA—ARIBH, ¥EEER
ROfH, REHBIBIFARCIRFMIMIL, LC-34HF, CRRMEY, KR EINERKARATE
WFF, MAEBIZHRRBEAR, i, MEREEEAREI (Bhd), REE ik,

(2) i ISRIGS, HEFHIR 165 E % Vola,

AR R AEILC-3RIG 2 F AR«

AND RO, RO, #0

ADD RO, RO, #10 ; RO <- 10

ADD R6, R, #-1 ;

ST’ RO, RS, #o ; Push 10

LDR RO, R5, #0 ; Load w

ADD 6, R, #-1 )

STR RO, Re, #0 ; Push w

3SR Volta

E14-68R & 0 LR HATIE , BATMRMEHHR. bk, SREANCRRMAE (Wat)
WOTEZh LRz, MwEME (Volta) MIEHERWERMEEHCRZ L.

FE14-6 WatEEE {4354 Voltaf S HE ASE TR
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2. M A & B T3

REBISRIES (Watt) ZfRME—&I54, REY Voltarh i —FiE4 .

WA R AIERTG, Bk 5HME BAXIE LRI

FARERREHBEEERE - AFECE, IEEAEEBR, B—NFEEE E A
e 2fE, BAMRKIEERAME ZE, B ERABNTE,

BifE, RIBAEMXOEBORE. EARKERE, HAERSWNARREFEHR. ¥
Kk, RERFRTFEMAEMOERBI Chft2RRT? BHISRIES), LARRSHIBAECMEE .
EHEAEOMEHEREE, ROAMEXR M 4 554" (dynamic link), ERR
WEEAEE RS, BRI RPERGANLR. BOER, EREERBILTRHE
BEMREIE, ARAERISHIBUE B A ERIER R, BILL, SR EBEEENEE.

B MMRER, WIRMAEELAEROMIE, ERTAFHENRNERYREBLAE, F
BeHi% BRSH X 48 B R s Ao st

BEE—T, T A YR R BAE AT Z I A & R I

(1) hBFATEZER, BEEEBASRZERN LY,

(2) HRIMINZE (BERE) EAK.

(3) HRSHINZ (ShaeeE, MIIAMERIRE) FARK,

(4) fEkzsileh, HWEAEECHRHEREHAER, RERSERHHER2AOEBAL,
Ro# 1R TAER .

Voltaff 5z 40 L THE, 0T mRBHTR:

volta:
ADD R6, R6, #-1 ; Allocate spot for the return value

ADD R6, R6, #-1 ;
STR R7, R6, #0 ; Push R7 (Return address)

ADD R6, R, #-1 ; Push RS (Caller’s frame pointer)
STR RS, R6, #0  ; We call this the dynamic link

ADD RS, R6, #-1 ; Set new frame pointer
ADD R6, R6, #-2 ; Allocate memory for Volta’s locals

E14-TFR B4 T B BRI, REHNFRRABE. Kb, WanfVoltalyi&zhid R4 5
EHHB. EE, VoltalEZHiLFrhMIF L4k AR AWanll 519, BIVoltal&EZhieRWBRK . Kb,
FABYRWaBHE R, B SEREMEI0, EAAMMBFRAATIE, FUWE
10f9 BT, fEVoltaik ¥y b, #rillit & hqFIrk 2 &S FIX A B, EER: Voltaf DHIFBHE
REBIERZR £ 00 BB CRREN, BHEROMNGERTHEN. SIE14.1082
HRBEERIGEN.

e, RERFNEMEHIEK, KE0OHRBTMHERE, NBHIRHHER, £HREL (&
EpaE R ER) . BREURBHENTAR.

3 AR &R R

FEWEARNER Z)E, BERAEZE, BLAER R, —RATERME, LA
LWRE, ZRILHEDIER S AMAEER, EaEd B TRR:

(1) fRAFEBEIE, WHEEHIDROEEEFER.

(2) Rl “#" ik,

(3) KA RHEHAR.

© A%k RHERMDGE" FIXRERI2E (FAREIE). —FEE
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4) BSERE AL,
(5) #@RETHS, EEAMAE.
x0000
R6 —] P PO U
a5 o : LR
Watt @ AR5 ¢ P
Wau BB | Ept ""‘"fa”;’“ﬁ"
WattiE {RE B
q whfi
T
e SRR S
main R AT
main BB EALAE e
maind HHEE
a
XFFFF

P 14-7 Voltaftyi& shidk EARSGHIIZITH R
Volmﬂimﬁ&‘luiﬁﬂi IFERILC-3484 BHR

LDR RO, RS, i Load local variable k
STR RO, RS, m ; Write it in return value slot

ADD R6, RS, #1 ; Pop local variables

LDR RS, R6, #0 ; Pop the dynamic link
ADD R6, R6, #1 ;

LDR R7, R6, #0 ; Pop the return address
ADD R6, R6, #1 ;

RET

Hob, BERIEAMES RBERLR (BROAZ) HAVolaEHITRBEEFE, &
J&, BABHREL, W HRBER, KEHEE, KEERE, &E, EEERE,

EB—RAOR, BARIBA VolafiEZIEFR B~ ik, EXENFNRBERAFLL
EL,

4. B @B &%

HAABEHATRETIEG 25, BHREFHAARY. HXERHENLE, EHERETLE
BHBEER (AHIER&RAFEWRvoidAT) | MALHRT, HEEE, HELH, FRE,
MBAIBRFFR, FEEE M ERRREFEATR (Wal) B2 w)

AR, BATLUTRHARIE:

(1) HBEAME (nRA) k.

(2) B¥ ik,

JSRZJEHILC-34REG 40 T BT 77«
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LDR RO, R6, #0 ; Load the return value

STR RO, RS, #0 ; w = Volta(w, 10);
ADD R6, R6, #1 ; Pop return value

ADD R6, R6, #2 ; Pop arguments
—HREAXERE, WE EXARLERALERT. 25, WAZREFESRTIR,
R, BTEGEMAEZA, WEAECBREIBAEORTRE, U, HARERE, O
HELTHER (BT MEPHRBGERETE).

5. AAAR
B&f5, BANHE—A—H@W A ROEE. £RBHITERS, RO-RIMIEMRERIH

FEIKERHE, RA-RTBRINHRGEIHAE: RUFHLBHRIME B, ROMIHTEH, RObIIRE, RTH
BE A, REES, RBEERTH, RBEEARNMRA-RTEBEWROERRE (ENRA
BELAE, BaRBAENHALE). BLHFRRO, R, R2ARIELLER? —BWR
T, BNERIEHREHREA LB ENGAE. HRIX—, AN TR 0T &
Frig: (1) WAERRHENFABCHEDERE (REENNE), ROBXFHSTED A
AARAT N (BREFHZFAMITHL) . RBGEEM, HHEEHENRHRK, KEE
MEE: (2) B—AH%k, HEAEAHREEDEREOE D FREMINFR, URFE
LHEEBOME, ROFIAGED HARERA" (callee-save) N, ¥l &R EMEAL
Frie, #RO~R3IGRS, RIMAE—ERFEE G FES, AFIEEE YL X EHFBIOME,

1433 LA

AP 14-8577R , BATH Watt i @ 308 A K Volta iR AT ffnst RV (LC-3), ¥SM7E—E.
EATRRILHLC3RWAYICE, BonT RBMEHEN. xR RBL AR RERHE TR,
B, BATH SR EHARE AT HA R ORI RO I, A —/Ma4H,

3 AND RO, RO, #0 ; RO <- 0
4 ADD RO, RO, #10 ; RO <- 10
5  ADD R6, R6, #-1 ;

6  STR RO, R6, #0 ; Push 10
7 LDR RO, RS, #0 ; Load w
8  ADD R6, R6, #-1 ;

9 STR RO, R6, #0 ; Push w

11 JsR vVolta
13 LDR RO, R6, #0 ; Load the return value at top of stack
14 STR RO, RS, #0 ; w = Volta(w, 10);

15 ADD R6, R6, #3 ; Pop return value, arguments

18 Volta:
19 ADD Ré, R6, #-2
20 STR R7, R6, #0
21 ADD R6, R6, #-1

; Push return value
Push return address

sh RS (Caller’s frame pointer)
22 STR RS, R6, #0 e call this the dynamic link

23 ADD RS, R6, #-1 et new base pointer

24 ADD R, R6, #-2 ; Allocate memory for Volta's locals

; Volta performs its work

F14-8  Cif %1 FIFIE ERILC-3REY
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26 ... ; Volta performs its work
28 LDR RO, RS, #0 ; Load local variable k

29 STR RO, RS, #3 ; Write it in return value slot
30  ADD R6, RS, #1 ; Pop local variables

31 LDR RS, R6, #0 ; Pop the dynamic link

32 ADD R6, R6, #1 ;

33 LDR R7, R6, #0 ; Pop the return address

3¢ ADD R, R6, #1

35 RET

E14-8 CeR¥ MMM ERILC-3RIG (%)

bk, BROEMLCIMEMIMAAN, BE—-TREMANESSE: BE, BHREHES
WBUF AR, RJFHISRIGS B A MRS, WIRAENEMAILI B, STHE B2 5.
REEAEMENEGHEE. HHACHRBERSYRAZASES, B, RAAERERES
Wi EFERE, BRAEERERESEA BN, RERHRENANEEBEA,
BEAAE BE, WRAERHEEE, HHRE R BHEMS KN, RIF%EHRT,

RIFHEE, RR—AEKEA, FLEHRXLLHRBG? KL, HAnRGHE
BAH), ZAARNEEEFELT. ERARNGRT TR, FESE-NER. EHENHT
AR s, X WoRE, X FEME, RTHEOEE (MRAAZMOERERTY. 255
&) 25, EABEREESAXWEAENER. R, HARELMZRESHAEZAG
Ttk EEAIk, CER¥FEM T LFRaBARNSE,

14.4 [EERR

HERBODRNFA, BROBEHFCHMTROGRE S k¥d. EX4H, ROEBELH
AT BEREEI I, XA FTHHRR T RBHRE R,

B L FTRRKRIS, RERNREFOUS A, EREHS RS, 4 B
(component) XBATRMIHIES . SNMHFESBRE— A BLHE, FLES Bk A
R Fh &R B, B—ABITOESR, HXFONEHREAKRS, EHTIENER
WAHBLT AR TR SRR B,

RBEH—AERET, HBERI RN ANE AR, BT QR X RRIES
BREFEAH—ATR GHHEEREHERN). Lk, SSAFTHESRE “HhTHN=fM
FEFIE", BAIGIE—URCHEARSY, UHESHENTR,

1441 Bl KNS

FRFNIESL: NRABRAFHSE, BROELRGUAEREL, ZBFS5EI30FEI13-8
FrRmBRFENALL (MARERE), AERFA SR FRERHZN, EMNSHASTH
.

FAVELAR 13- 8F AR FF AR, HRFER M whileli3R, FEBAREEATT, AR
TTENItH . EEMAESER b, Fi—B/NEFRABRTD (MRRIS, WHEHRHAS), R
1582 BT LA HEFE while R P b PR ik B 10RD, (E% “HEE” (self- ined) #tk,
RiTREH RS EM .

HHREMERMEAT. FERANBAR. ENRAR—ATHEY, BEEREBETHE
Y (LERREFRBAFRFH). BI4SPREERAFPIRGTRE (lowchar), R ks m
13-809ifRR ARy, MRS 20T, SIRIEMLL, XBE T — I BME S (conversion),
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WABM. ¥
HBMFH

BRI 2
B ER

o R

E14-9 FRHAGHBIES 7 W

E14-10F R R RAMZRCRF, WREBA, RFHEANNSFRERAKSFE, &
JERAH . WRERAHBRTH, BF%IE. NETREECHRS FRIEE, & & ToUpper
SEHA, TR, REENASCIFRHMEN, BEISREFH (I "A’) WASCIRSE. FiLL, ®
R ‘2 - AT FORTFaASCIID M FF ‘A’ IIASCIDIE,

1 #include <stdio.h>
2

3 /+ Function declaration */ char ToUpper(char inchar);

4

5 /* Punction main: */
6 /+ Prompt for a line of text, Read one character, */
7 /* convert to uppercase, print it out, then get another */
8 int main()

9 |

10 char echo = /* Initialize input character */
11 char upcase /* Converted character  *+/
12

13 while (echo 1= "\n’) {

14 scant ("¥c*, &echo) ;

15 upcase = ToUpper (echo) ;

16 printf ("$c", upcase) ;

17

18 )

19

20 /* Function ToUpper: .
21 /* If the parameter is lower case return /
22 /* its uppercase ASCII value */
23 char ToUpper (char inchar)

1410 #4450 E FREHOH RS FRH0 BB F
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24
25 char outchar;
26
27 if (a’ <= inchar & inchar <= 'z’)
28 outchar = inchar - (‘a’ - 'A');
29 else
30 outchar = inchar;
31
32 return outchar;
33

H14-10 HHEHDEFBEIAKXEFRORBNRF (5)

14.42 g2, HXWET= AR

TEBRAT S WE i SRR 5 R — A TR N T AR A R e T
BMi= M. iR SRR AR, RISXHINEKIEL, b, o, BIZABRXER =
@+ b7, BATER, a. b, CREM=FBM=AE (ch#til). Bign, BH3. 4, SBER—A
AT EM =AY, ROWRER, REFAGESFM =AY (o, b, o), BEMNHEE/N
FHRABARBRKE.

RIVERA “RHE" IWFEN=AAE. ROER, ORAPSERAMmax, RIS
EFA/NFmaxiBEHA S, RIEENREFEESTEM=AXER. RE=A% (L) %
sideA, sideBffisideC, HEf1i@ M 1~max (BMFERIH). FRGRMGLYE, RE=ElorflR, —/
BisideC, —/ikfisideB, 55—/l fsideA, fkik#&. HAMLZL, BRREAMARTHALE
ISHHENI = MR R MRFE, DR = HAVE ATENH R,

HEE TR = MR R R AR, =BT RRFGEA TSI -

(sideC + sideC == (sideA * sideA + sideB * sides))

b, BNEA “REH" R—AEFRME RBHREBHEMR), HURMNEZERH
HEHERSquared, ZRBIIEEESTRMASKNFY . Wi, HZiWRERXEFETOT
QER, ERBEEBRETIHRER):

(Squared(sideC) == Squared(sideA) + Squared(side))
E14-NFRRZFAEEHCERF. ¥X k, 5 “$H&" Mk, BHFEE—FEFOUHEDY
% (FREEERRBELER? ), Mk, ROTEEHROZEKMOER.

1 #include <stdio.h>

int Squared(int x);

2
3
4
5 int main()
6
7
8

int sideA;
int sides;

9 int sidec;

10 int maxc;

11

12 printf("Enter the maximum length of hypotenuse: *);

13 scanf("sar,

14

15 for (sideC = 1; sideC <= maxC; sideCe+) {

16 8ideB <= maxC; sideBes) {

17 for (sideA = 1; sideA <= maxC: sideArs) {

if (Squared(sideC) == Squared(sideA) + Squared(sideB))
Printf("td ¥d ¥d\n", sideA, sideB, sideC);

E14-11 HEEATFRG = AEACRF



22 }
23 )

25 /+ Calculate the square of a number */
26 int squared(int x)

28 return x * x;

E14-11 HRESFRT=AEHCEF ()

14.5 NG

ARMBTCESHHES. BB TRE, EREZABREARRIEE LEO—HE,
REAIER, RBUHEAHRBIES R T —FH IR EAREONH ., AEFHEL LY, ETRT
FRIE SRR,

AR KBS T IR

« CREMIESE, ECIESPEMREM, SAEHAVRY GEHERDORMNE), LER%
£ BEMERIRRARASBRIRB RN, &R G & RMAKRRTG. RERE
w4 3T, RBEAARSEASE (FE5EBMHIE).

« CERMMIMRLE, CRBFTLAER ML R B AWIAN (REREBRIHS). Ak,
RAVEXT—F “@BFAARR", UARRRIHFEEN - SAE (&% A SFHER), X
FHLIE E RSB TRHARRER |, 045 WA EE RS K28 %, RERAR
¥ SBASAMEAEEDER, WAAETRES, MkhRBBEILR, HIAREE
TEEE%.

c GEPORKEN, AEMEMES, BATATRAE, HiXxXERANELAEE, &5
Y RERE, AERSEHR, REHBIRET —FHRILH . ROTUHENMEE
SRS E%, HEHTE R,

146 JE
141 RFEmaingf FABEERA 27 S 2B BFLAE X EX?
142 RIBEHIDFKALH, BETHIEE,
a. SHEMMIEMRT 27 b B BIhERIE AR 40
c. BREERIEA R4
143 HFCHBAIER, HETFIAME.,
a fr2REBFEN? ERERRTA? b. {4 R @ BURE?
c ftaRmE L d 2R RXEY (argument) ?
e ftaRE¥ (parameter) ?
144 BRIGH, WTRIE, 53R A IEAE DR WA ERTRI?
2. W ERIET AEDIEF, b HEE EH
c. HERHER (dynamic link) 4
d. (BERSEIAE (FEREARZEHEDZRE).
145 REMMTRFMEER, HRE,
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void MyFunc(int z);
int main()
int z - 2;
MyFunc (2) ;
MyFunc (z)
void MyFunc(int 2)

printf("td *, z);

146 TR SRR 47
#include <stdio.h>
int Multiplyfint 4, int b);
int wain0

int a, b, c;
int e = 4;

a=1;
b= 2;
c = Multiply(a, b);
printf("td td ¥ 4d vd\n", a, b, ¢, 4, e);
}

int Multiply(int d, int b)
{

n

o
v R

a;
2;
3
return (a * b);

147 Bk FBump @ HAICHID, B & FEME,

int Bump(int x)

int a;

return a;

a. B H{BumpHITEZHIZF s
b FRiEAN TR SR BT LT (entry) HIEE, HMFREIIMEL:
(1) i,
(2) BRE2H (RBASK) |
(3) EA a4 tseat,
(4) HABIBAIMAL
(5) #fth,
c. fEBumpfIEFIaFeb, HELFEEMBumpl A FUEH, ALN kBumpl S
Wi HBump A L BHOLF R,
14.8 R REGHR HEERRAT 2 Wik I Swap BTy & L .
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& &
int main()
int x = 1;
inty - 2;

printf("x = %d

swap(x, y);
y = %a\n", x, y);

void Swaplint y, int x)

14.10

14.11

14.12

14.13

int temp
cemp = x;
x =y
v - temp;
R AR S, LIRS T LRMAISRIGS 2T R ZEREAMRSE? WRREI
EE,
Clfi & e HifoodfILC-3RIFRES (Misy) MTFHIR, REIERME:
“30p 2.
STR ®7,

ADD R6,
STR RS,

a EEEOP A O R R
bAEBAHAEHEExAY, RS HRERx + yWEHRE,
DA T ARG, A

int main()

a = Init(a);
b = Unit(b);

printf(*a = %d b = ¥d\n", a, b);

int Init(int x)
inty = 2;

return y + x;

int Unic(int x)
it z;

a GRFIR R4

b, EBBUInGF Rt TR , R R IR T4 47

RIS 14-10BRIIRE, ERAEHMATHRECD NS FBORS . R@IFW, B

REREFFEIGHRANNERMASHR,

WRTERY, TEIRRMGEEIE (AREAKF0. 1. 2, 3), HETFiZEYK, RERF,

BN B, AR KRS RIS R ERERE L,

1414 RABAM, WREGE-MBMASERIFRE SRR, WEEL, AR, £FiZ&

. WERF, RURBEHA/NT OMBERER/IE .
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E1F¥

14.15

14.16

14.17

14.18

14.19

MTFCRRF, WHIFRLC-3HLEIES, AHFTATRI ML %x3000, mBFHBEEIO
FERMMISRIESIEN, %A FRRIGH BE3IRISRIFS (9 JIBRARES, gfih), Big, 3
KISREEAHMAESY IR X3102, x330171x3304, A MAYL “4. 5. 67, REIHY
BANEMOEER, STMRARE ([RiiA#E b xEFFF),
#include <stdio.h>
int £(int x, int y, int z);
int g(int arg);
int hint argl, int arg2);
int main()
int a, b, c;
printf(*Type three numbers: *);
scanf ("3d td 1d", &a, &b, &c);
printf("sd", f(a, b, ©));
int £(int x, int y, int z)
b x1;
X1 = g(x);
return hiy, z) * x1;
}
int glint arg)

return arg * arg;

int h(int argl, int arg2)

return argl / arg2;

FRSIFRERES T EE BT 617, ROCUEBERZRICENBOLRRE, WK

AbihORIRFIZHZ “fC7, AHINRRZHE 2",

2 BB RN, RERARNRECHR, Kt 007 REVSOKE. REHBARR
BUEX (BRTR), HHETRLEHNE,

b REE RN, HERCRREMCHK, HBRER ETHONE (AITEDZR,
RAZREHT) . EBRHFERR /A ERAER, MREHIRBIEBRESR S
3t

cIREERF, ABEESEAIMREMLHR, HEFONTRIBRERRE R4
ELAOPLR KR, F RALINERR (FrANNBENER), IRERALK,

a REE—MHE “48E1FF%" (4-to-1 multiplexor) KICE Y, F%mMME3-135Trt4i%k1

EiES 7

b. iR 5 — M HLC-3 ALUfT HIICE .

FERIENL L, #5852, 3, 4, -, OMERBEEXNOTE, Fiin, RE2FNEMNTRREA,

BIIC, MRERF, #— TR SBYFIAXMNTFFIZTHE, #7: S5/

B EFMFBRYK. 8. BT IRNORA EM¥M LT,

MTCRFS, RMERTLRERMBHER. KA, EORHEREHL?

#include <stdio.n»

inet -1

int subl(int fluff);
int main ()

/+ Global variable */

int t = 2;
int z;
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{ -
z =t
to=3;
{
int € = 4;
-t

z=z+
printf("B: The variable z equals %d\n", z);
2z = subl(z);

z=2+1;

printf("C: The variable z equals ¥d\n", z);
}
z

-t
z+1;
printf("D: The variable z equals ¥a\n", z);
int subl(int fluff)
int i;

i=t;
return (£luff + i):
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151 #iR

1999412/, RERMZAK (NASA) #ilhof0 “ kK EHEMIERME" (Mars Polar Lander)
WAL AT, SRHRW B AL K BRI, HAMEAERE THRAR. KERBE
R H1E %5 R K B RRICRA LK ) . NASARFREEM B4 TTRERTE LML RP 5K R
KR AR, TAEZEFEI T UMAMRZE, WHEE RS T A TREG
AR, SEENSEERKERIMEAIORES (THARCHM) MEATI%, KidH
FREAREMSIR . FHEN B R S AKRSEY TR R RGO, T 5 A 5 e R R anst .
KRR, BRETARAEAIBART BN R%E, BREDEREERTRE, FEHKERE
CATRE”, ERRAMBRL, ARG, B RGEA S TRE.

AR, RECELAE. ROFH, [ED, REXBHHRGE, - HT 5T/~
WG, b TREERAS R A HEEREMEG, RINLARIER % BB 2RI
EHET, BFEORIEBRTREAHHTH, EREIRIECIIAMR. ROER, BFER
Bk 2ZE, HAERECREERZT. ROBAERLTREMRMFRT it E,
A “BIRT EREEM,

BEREHERELOMEREREF, NPRRESRF, FXOAERY, -1 HLER
HORAF AT, RS T /i 5 RO AR 1A, KRG A 485 Rl iRk 2 i
AARTHWIRFR, RAVEATERH AR b ) — L A WS EATT A,

MAHBHE “BRE™ @@ (bug®), MMM AME o 8. IARGEELSYZ,
EHRFABRFE (HRBRY) EARTRESH, &FEHOHBARE, LLAERARFEbug. LI
ToUpper @ BIMIR A B (XA —%, LRBHBANTRUCHKEIHER), RIOVHEAFTH
TTREMASCIEG, REWERKMBHERTRAYASHAELIE. mRHHFERA, B E
THIRME, LARMNMER T —bug, RIVIZR TR R EREIbug, TAELLE
T WA P ESMER T BFHHR, (DAL KBRS E" B, NASAR TRIBIIMZIL
EHEMERRER B BHIR, TR F B K EREAOK R BAEA HBLHIR

H T A B B A ST R B, B B W T AR E SRR . BT IR
SRR, LmFELEMNRE, B RLARERNA TRMERE, ARkt EEORE. 8
RO —ESRYEbuglE B, $AEH “REH" KWEbug BAERAFHEY (nfkdx
L ROPITER).

AR BIHERF R ERFEITbughE AR, HE, RONMBREH LW WHRA
% RETBRER IR EEROWIR G BF, EREEXEHROFRER. FM
FAVEAI B2 BB HAR, DURBIR/ MG B T et

© buglER "R (M), B AR AT AN MR Ybug, FRIRBIRRAIEEY “debug”
(R 8A), BEhERANEN AR AAEOFRE, LERAERBEXN “F A", FLIE S bug,
debug ST ERIE, —IFHE
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15.2 SRR

IRIR T RREIRE &R AT REXT, KT EFMRAMNGEKHIR, TH, BIHABINRG
HIRA A=, (1) BkMR (Syntactic error) BABILE, HABEBMEME SN, HES
AR IEEHLB RS, SRR A T, (2) B4R (Semantic
error), MRMEH R, 15X HHIRHBAONILRIES LR ER, ERGERASRIVNDTE,
EHMIE IR AT CEVRIT BEIR, EDRAIZEMMAOMBRURKR, (3) HEaR
(Algorithmic error) 45 IMRR AR e 57 R A 25 8 T, il s S FUBIRAERR I, FLED
RS T R,

1 #include <stdio.h>
2

3 int main()

4

5 int i

6 int 3;
7

8

9
10

for (i = 0; i <= 10; i+s) {
=i

printf(*sd x 7 = %d\n", i, 3);

E15-1 XABFPEE - ELHIR

15.2.1 iEE#HIR

FECIEE S, EHHIR (XHRMsyntax errormiparse error) MEWMIFBM;. LRBERAH™
HBECIET RN, RBEMFZMXE “THE" ZbnAwaEREH, BI5-1WRBHE
FE—syntaxiR, LR IERE IR BAR I R,

ERIMAREDNSTH S, EA—TORCEFR, ALIHEWIEDERDS ST RAFHXHE
MEIREBERE, MR, FABRREALLA, FARERLBWEVHITH, HUR
EREL. RENABRESHRERZE, TROECIRKEEHET T,

15.2.2 BENHEIR

HESC (Semantic) SERANELMIRMALL. HROFEEME, WRNERSRFOE, BE
RIEKMRFHRTL 8. BYHRITERE—EOE TIEEHIR, IX AR DET
S (WEEREMN) HREXNRT. BRHOERINERY, RITERSRNNIMT—H,
B 15-2f0E15- 10988 “JLF" me—#, BEE—R/IOIELHR (TARIERMER), BF
R PR M+ TR TR

1 #include <stdio.h>
2

int main()

int i;

int j;

for (i = 0; i <= 10; i+s)
PR
printf("td x 7 = ¥d\n", i, 3);

F15-2 XBRED AR AE— B L ER
BR, BFWT-RRRERET, ARARHT 7 (FrR—k%) E. SEEBHCE
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FHMNEERAER Gt 2. At 2MER 11 x 7 =707 7 LRFFICHEWEHL BHR
(control flow) $#iR”, XA ERRR i IR AR 17 U 5 R A8 AR — 5|

B, EIS3HEE—HRMEERERNELE, SRBERME. T 51429 0w
SRR FF%0L

BRFH B RR . NRBIRR— M, REHFFADTEFZBR o (. HEL +
243+ 4 n), BRFWST-TREF, SEAMTERTLHPHR, Bt LETHERHE?
(B7R: WEH IR ST R b k2 A B TR L)

#include <stdio.h>
int AllSum(int n);

1
2

3

4

5 int main()
s 1

7

8

s

int in; /* Input value “/
int sum; /* Value of 1+2+3+..4n /
10 printf(*Input a number: *);
11 scanf(*¥d", &in);
12
13 sum = Allsum(in);

14 printf("The AllSum of %d is %d\n", in, sum);
}

18 int AllSum(int n)

20 int result; /* Result to be returned */

21 int §; /* Iteration count */
22

23 for (i = 1; i <= n; is+)  /* This calculates sum ./
24 result = result + i;

25

26 return result; /* Return to caller */

H15-3 BFFFE—NBRBIE R Mbug

BRI, B CRETREMAERRMNA, BRI AP, RARER
AR A £ RBHEIR, BEERENELHIRZSE, FEEIS-3RMFRAISumATDE B 18
NFETOMERRMAMIELANSum, HAAUSumiB B —AMEIREER, B2h, XM IAREE T
BT Rresul FREFAMTEE. BIEXMEE, HBA—NMITI0%, LHEXRTS— Mg,

AEHRRERFBOM, MTEERETRAKBRE. LPHANHELAESELS
B (safeguard) REHILSIRS R, LAETFRMIBBRFGET, B, ROAHEMABAER
BREFHRIEREONEZARABEBIBLLEMALRFOTFE (BHXEFERLT
HBA Rbishudown) , MBFIF/ESREAIIRSRIERT, RIERGHBHL LIZRF, HEREL
TENE 478 k4 (run-time error) 5.8, idn, fFAUSumsFfyscanfiftgsh :

scanf("%d", in);

R, A &7 ISR 6RATE, RCHE A — MR, IRE Mscant
HURHBR TIEA &7 HS, BATRSIRETH. Fh, ERIIXBFEERERRTFIGATES
Al RTINS, RIS L IR RRRE.

15.2.3 Wk#iR
Mtk (Algorithmic) W FRARIHE, MEFFFWETTLHARTER, B4
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BHGERIE, XRHIRMLRE, AALEAROMRET, BRAIRE. EROEZ, W
EIRW RIS, HRREK. ERKEOL, ERIHHBREAEMAY, MESREAHR YR,
X SRR T LA MR D 3 B BIHERAY .

EIS-4pRBPFEE-NMRENEZRHR, BFESRBA “F67, ARHKLTRESE
(leap year)

B—REL, ZNBLPELER. SHEHR—KES! BFEXETRIHEG, SR
a2 (1004) Az —AEE, MENEFARR ML (0. 200044 £—AEE, {H21004,
22004, 23004 HARMEE), RBERBERK BRI EHEIIES, BIREHRTAHE, &
XA “RREEHR" Rt

B—AHEEIROG TR “KAMBM™ 20004 HE (YK bug)., REHBIBFSERR
FRE/MINFEZER R B, EEREFHOMERIZREROBRIEH I HF, $82000
FF019004 (18004, M21004F%) Hx ERTFE . TR, EHI9994£12A31 HHBXA R
FIRAFEY2KE, Flan, REIFRMFLEBEE T —485, SHHRL2000454. mE
FREBEOU R AREFEY2KAE, WEDSB—ZIRHRZTET. Ak, £2000£1 185,
2FIERTARMEEFOA D RMRY2KEE.

15.3 #hik

ERBERF QR EXA—0E: “EMGAMRE R EFERbug”. Xk E AW
RAEN B FRREREEN, fF2RWR? BIRATIERAEE R T REATIMABR (B
EATE) TEfT, REFIRERHLTER, XL, —MREERGZATRELHLE
T RHTIRET .

MBS, BAFMRY AR AR A TRAA TORTHR, HXLFETE
KH. B, —ABRFRAXIHETERAMBZAMFARY, WRIAASBATBERI 2L
Bl WHHFQVRHBALL . BIREDZTI0FAAG (rial), BREESOREARETRITH
Wik, BAR, WRAFAORARETR-AATHIDE, Ba, BEGALALREEMLL. H
BXRIBENR? MRRNBEILERBA, BREENFAREHRFbug, %, KHETR
ViR — L RGER T R IR FRAD . JURA, BAWRE (black-box) FARMRBFHREE
RGBT (specification), H&MIKE (white-box) RIFRA BAIMMIARF XIS
AHE, HRIEGFTRIGHER T WK,

15.3.1 MEWR

A& (black-Box) MR KIEHIRBE AR AT Y LAVRIHRE T ER, FROXAHIY
AHKH, BmiER, BEWRAXD “BFEBIL" (what), AXD “EREAMA”™ (how),
415358, BFAISImPBAENRGRAE. SA8EF, SANE, FEFRUE5FIHHE
HERMEER, MBRFHNERALER, WEREE2RBFAH, E2RTRENARME. mitit
fIT%, DEBMR, HBHREEHHER “TRE" 1.

R, HTRAMEF, EMREENMIZE ‘4" (automated) fy, XFEARRRIELAAR
BAIMEERE SO, ZERETFER 4 “WR” BF, HRFRASDRSTHML
B, AR UEAMA, RN CEGHER, FEEXTTHE. SHADCHIRELFIH
R EHHRE,

B4 TRRBAMAR AL, ROFE—FHEXADMRERFORHETER. 9
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E, BOBEFL— “REBRFE (checker), EE5RBFTE, BHETRMFNHRIT
%o MR, MARERFMENEFFEMFRNbug, WRAEERMLARKE. BIERENDEXR
H, fA5RAERFHARFLFEREEONRG, CURIER WSR2 ArmrtE.

15.3.2 AEMR

Bifi, HF-AKBEF, REMKETBO. BEAEREMRP, Tikmilme it
AT, BEERMR. BRATEIEEHEHE PTARMIR RIS T AT Ebug”, RHE
AN BEERFOHMARBHREATKRGHHRT, BAWAEERERENT. fim, BE
WA —AFEE KR (MP3ERE) MER, BAHLHHRROFARERRE L, B, B
BEWMRAMFREE I RECLHRERT  FEREEZWAZA, ZBRFANEETRE,
BUBEH -SSR,

BiLA, $fk TR 6 F B A MR R DM ZAA R (White-Box) MikFik. A &MK
WOMRAR , AR EBRO & R PRI MRS, ARJF 2 BN & AR T AR H B R, B, # -
FEHERMORW RGN BB R TERKAT, i, BFREIRNIAHE, TFRKENMER
BIRlsy, FATE AT LA BP0 451 R B b AR A 0 PRI RE R IR 5 32

ERMEAAMIAE? KLEMRP, ROTERESRFERE, fim, 5 THR—E%
REEH, RNFERN—LERDG, EROHHMy RETHAERETRNZEY, LKA
FAR SRR FRENRARE . BT RD R RNARMprintfiE 6, #9855 RTE
HRAREEMERERTRE ER, 24 RID5TH R KA, X prin i oM.

HREHOEWRBEARERF AR L R R, X REHRI AR R
HFEWSITORNE. UAEHRREERESG, RWRERITEHH -KEEEL, #iTﬁﬂR%
MRMER, RHBFAAEEIE, bR R0 & RARITH (assert) &,
BATXHR XA WA 5% “assertion”,

Bil4n, assertion® LAFARRIERIDE EHAR THERETEEA, MBLHTEH, WHATENHIRME
B AT @ IncomeTax ¥4 B, RRBMIDIRE T “FiAB" (Income Tax) REEMEZH
B, Nx—RESFTURBRERTER, ZREEHBUA TOHEUAESYRITRAE
Bo BROFEAATRA (R¥EE) BHER, (bR T AKIEMS, X 2R IncomeTaxs
W REEAHRE R,

tax = IncomeTax (income) ;

if (tax < 0 || tax > income)
printf (*Error in function IncomeTax!\n");

—AEEMMIR S, REEMAKXMR LT, EEOL, QEEMRA S LT HWIRHK
TR, BAIESR, AEARERRERSMEL, (0054 1FIEERS B U A 2SR .
FI#E, U R Ak TRk BRAE B AT SR T .

15.4 @i

RBE (bug) ZEMESREBEE, EREHREF AR EERE, H— HEE
LEZRRMGES . AEHIRAR, WERGH, TREELHROGE, WIIRBRAEY
R, RIE, EFREHROEE, FMHSRORE, L, FRO0HTERNERREE
MRS IRM TR X — STl — 8, WRLRAKENIEE, REEERTHE
Ty R ARIRIELAE B
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WK ERAREHERRER, ESWHER, FAGRAREmRENSES %, B
HEFHATAMREILER,

15.4.1 WEHZE

R RAER  SIREIASR R AR IR R, (FARERAD. AR HERE#RN
HE, REARRE GBI FTREFFERIRAI D, XHOFERE A T RIEKER/D B RRBENHRED,

55— Fh B BB AR PE RS e 8 ASTENIE 40, Bign, RATLARprinttfTEN Ak HL 4 R EROHS
HRIE, B EAbug, (RTLUERBAR S MAprinfiEf), HERFHBHIRRESL
TEIEH . Bldn, ¥ ZEHEHIS —MEBE RIS HINERE R RBRTER, o TUEEF K
PR —FprintfiF 9, Xt F—AMERRF, RUMFERARRE S EAGRTE, mixFRiF,
HIRAERRIRE RS AN, WBRERNEBROTRER,

154.2 REEERIR/

R HARE B Ttk AhbugH IR LR BAIEE, KMBFEREER A “BRBH" (source-
level) i THKM rbug, XX TAMKSNE: BFETIUEREHETHRGT, MEHZTARE
RATLMEH/ERRFRAOEREL. fim, BRTATUEHERF —&—£E0RRSHT,
HEMEREE—AERME (AL TFFRNE, ROEBEFWIE). FEE, FHOR
WA TAMPOR A BOLC-3MIR TAMMLL, MR FILEGEHRTARENREHRIES,
TLC-3UHIA TR BRI BIEE .

HRBERRTAMAT—EF LM, HRORFLSEHE, AMARSERERDZ
B 3 AT AT (RS — 24 7C, BIZERATIRIG P A B SR8 15 BULE B IR TAT#E. %
Hotort g, WK CRAEENRESEEGER, UEHEILSIE SR R AH R IE 5 R
FiEwkR: i, WATATHEETRLARKAFMCROMAMEL (WFSR), MERFRT
DI RIBHRER AR ER & M ERMMRIE.

YA RBE AR TAMBAZRAEH SO O, EUNIXAWindows 4Gk, HRETH
MRBRERE, &0HHACHRERA, B, edbgtk - MALHETEUNIXESGH, 4
RWORHR TR, FABREYLHFEMEFRTO-ARONBERE, Kb, FEEOR
TELTHRERILC-3 IR TRMMRAF AR AN ABOEARMBHIPOBORE, ALHEPE
F, KSR h g X B0 R E,

BOBATAGL ALY AR (1) BHlE, AFEsRFnRT. (2) BERE A
FIATHERERRNTFAE,

15.4.3 iR

Wi 5 (Breakpoints) RIERFHATE R A — LG 457, LERMNBERBSRR
FRRE . LRBFEERBRR E— R RITRERFOHRTREEEE R,

Bign, BATTLAER TG — TR E B DAL IR B, SR RITEIN AR, %
MRFRR HE —REET, ROTURFRFEX —REFOEHER, SRR S A
YE? EBR TR TRMR E R PN A2ER TR AEARBT EAd— TR, mA
FOVBIR T AL RAE &y 4 17 T 40 ASR 9 AR AT 5 e mbdi /5.

ARSI F HEERFORTRAM. XF RN TRTIGHEEY
RE, HMBROEEA—AbugE LA, Fitm, A EPerformCalculation A TEMA LK ETF16
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WO B AT RE TR AR IR, WITLAZEAN T RS i i EOR S OLEE R PE D “x = 167 RURHRLLBFFS
Tk,

£or (x = 0; X < 100; x++)
PerformCalculation (x) ;

B0, BATATAERE KD “H” @) R E— R (watch point) RFEFRAFRINST .
Bilgn, BAIATLAH—Awatch pointH FBF#AT, Y2 RLastitem ST 540, %07 A LAFEBAT
HEE—&ELastltem = 4MIE AR ME MR TR, FEBRFOHIT. Sbreakpoint (¥753) FRIHE,
watchpoint s SEf— & REH %, EALUEMTHAEDT.

2. YA

—BIEIR 2R BB 5 (Rwatch point) WIBHE, EHIEHEERT, SHBIMAT 404,
S, BMOTLURERFORE, WERIOE, REMEMTERF.

M=/ BTt — T — RIEAMREHHRAR, EHARELBRDE I RA
(single-stepping) . LC-3HA TABA& X 24— 4, EFLI—k ABAT— K4, X 5HDEE
RTAMESRITHRER KN, RSMSNTLMENTZE, WHKEERFE., KEHART
FUEHATES— 8 0P ERERBE R, (ERMNEWYHTRFRTEG L85 T, 3
—ABFRERSITIERAR, HIRERIHMoug T REHIA MY R BWRA A, R
FILME L BHGL IR E— W, AEAE AT RS IAT, HERERMELTER.

BERELOEAIRL: RERFRHERESNRNFFL. W, TURSHRGT 48
I, ANREBHBARKEREER: RELSHRTif-elseif, RIES LEXHFREREER,

BEPTHRRE, ETU—-Fhd N EE, LIUAERERANRE R, KRS
MAFREBROTTLAPRE KT ARG A H IR REE, H W (S 7EW Ak, KB
IR A RERN,

LeREEAE

WREAERERUEEL, URAEREEORRDHHHR. B TARYIHRAR
B REEEERROE BN TR, LYRFER G ERME, RITATLLETERbugH
(OB RANKRKEBEE. —BRE, BRONTUENSERZBFOFARTRE, QTR
W, REE, REFFRONE. BREBX A, HARTAEE. ALERTALKEFHER
FRIg AR A F RN SR, MEATHMY, U RRERNLHE, TALELTANE
KEFIMAGS, REEHEEEROELT,

RMNBUARELBREHCHNFRER TR, ARLRRINAHILAFE, LHBHIRKEER
ARMER TAEANE TR,

15.5 EMMIRESZ

A EHMRFIERRBERAY— N RBEF RO L&KM, EHF—-MERORFR%R
EREMREMEEHBRBREE, TROBEIRRE S FRbvg. 2] —LPEHHORE
BAMAKRGE NG E R E, 2! SbughR I FETEN—TREFRRE 2/, TET
FEFMIEHIR R A AT S IR MR A .

15.5.1 EAWAARIRA

R 2 bughi2 R B AL B (specification) WZ U ERATE . Al R HIRA
ELMEHERFRATRIEGSR, HEATT - SRHERFRECRWRE, fin, $14
FHRMRAGIT: E 14200 RFRR A PRARFRIMR, (RATAARIZER ISR X
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HAR “SARF, MNREBRART, HRROR", EW0H L, SHEOREIHRRATEN,
EAMRRIBA - ABIE? REMATR? RERIVBA—MRANKF FBEHR? T
XA, BISHORELBATELER, FkFEbug, b T3ux%kel, REEELSER AL
9, ERRFEBHBALTRNTEOMN, KNRLERA>2 (MBRnBANTFETI) ., TH
HfRED e, Bfi13t %1438 Factorial MALM T B3, TN THAEERERD, —BRASNHE
ERRRIELE, BFFTE—TEEERFER ~17,

1 int Factorial(int n)

/+ Iteration count

int i;
/* Initialized result */

int result = 1;
/* Check for legal parameter values */
ifm<1|ln>31) {

printf("Bad input. Input must be >= 1 and <= 31.\n");
9 return -1;
10}
for (i = 1; i <= n; is+) /* Calculates factorial +/
13 result = result * i;
15 return result; /* Return to caller */

16.5.2 #B{Ligit

RHREHF T RAREZODRE, B R, RIS EH b ZORBESENE
RREREE, BT EFHR, BARBESRNOBFRLASURLHER,

—BRE—A @, BOBRTUMEHRIMR (0 GEWIR) HINEHTERT MR,
MU TEREHBFRL, —MRARNERNER—A/MES . SEIEFHL, EEABMR,
—BRMBSTARMER T S0 &%, RERERTNEAEIRFNRT,

BRI RSERLR TP REE, WAGOHETEF LERY, CHRMRG. Tk
EXOARF. FEMENETEE LS (library) BIBES. HRERE—-ACHMROAGMHES.
FARFRAUEFERSSAS A CHBRFRN, BTETEARIRMELE, BRGE &
Wi RBUERN. ARG BT LR, B, URIEAALN SN BERILH
LR TSR B,

15.5.3 FBiiRABE
TR — A ZEMBFF RERH 5 BB bug “TRA” iR, it RERH %R ER
P BB R IMRAER B EMBFNSIRE L, IO BSR R, TEIILEL
HTB SRR, MR RRRATI, BLHIZHE
¢ ERRT: EREHE EH X EMER. RESCHIIERT USRI R RE RS
LTHER, FRRREFEERUL BN E CRORBLR, X/ BY, (RTREMN
BEIR T — Lo B DL SR R AL T, TS BRI o] B AR
© RMGE—MBIOHK: G, HFLEESARES, ZATIMEKKROIIL “BikDE
BERMBIRT, RE—Hk, REPEEEERME-WERAGLHE, BRAMLE
fhi, BORERIIAZE.
o AHAEMTER . SROMHEASERS, EELUEE, BRAXLBETRLLIIRBIE. 6
., BREMIE, ROSBEHASKSREE—ZOTEN, TORXABIBEA%EL
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)G, MEE T THiREE, SRBHERGIEARE—REE N
SR AR LE R A AR S

c BELRER. UHERHELAIERF RIENERXREALBERM, FERETRIG
KEWRRRTEEREN. 2RERTRERRL-SBERES, EENKERDEURRM
PR, i B — B R BbugfRME AT HEE IR

© RERER: KBBUFORIFRMIRMET DRI, EALUHRAEARDRFAORE,
Bign, REMEHBERF “=" RETHERERF "==". SXERELBIMN, RERS
WEPAHE RARIES. (I BREWEAIL) K xE LT T RO RDEETRE,
ANRIRFR RgccRiER, ATLAR “gec -Wall” fE41% BFIHFTAHEEE L.

E BRFRTP AR IEM T RO LA O BRIMS. FEFEHESS, RIEME

—EHOMBRES )G, SRR TR SRR A3 T ENRmpEA.

15.6 g

AREENBT AR EAMBERBPoughy 2k, BRMAGEX Ak Bid RS, o
RECH AN ST A, b T BES HBUB Bk fhbugii & A A “FHUIEHL . KWL A,
B SR RAERA R E AN EE, ARPROLBMSOHE.

o Wk FERE K BbugI A S, FeHR MBAFRARM . SHk TRITE R ALK
TR R AR IR B R BT OB T R BRI — B T R
BRRA BB PN, BRE—TRIDESET —ERAOMIR .

¢« IR WRHIRBEEALRRE RRRNTR AR IR0 D, 4SS EHMREA RS
RNBALOUAXEROERM, FRABKTRAERAKETRFXSKARESHY
HEATR, EEARFRATAETENRETRTRE, FERTERPER LMK
R,

o ERERE Y% ABROBEF ABRESE /T RDAN R §#%bug, {HiEHbug
FERFR BRI, T YsEE S R & 2R &, HABORWBEIRS
BHRRRE IR, BHACIRIHE AR A% S AR 8 0 ERE MR & Boh £,
T REAR T IR AR A TG R e o 0S5 T S IR B R B K W) S BSHIR 1
MBS RE A,

15.7 @

151 UTFEARFRRMEE— IR, RO AT RIS R A ER AR AR, B2 B8
AIEIRYF 3121009 B MR A,
a.

#include <stdio.n>
int main()
{

int &= 1;
int sum = 0;

while (i < 11) {
= sum + i;

e
printf ("sd\n", sum);
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b.

#include <stdio.h>
int main()

int i;
int sum = 0;

for (i = 0; i >= 10; ++i)

sum = ‘s
printf (*3d\n", sum ;

c.
#include <stdio.h>
int main()

int i = 0;

int sum = 0;

while (i = 11)
= sum 4 ies;

u
printf("¥d\n", sum);

d.

#include <stdio.h»
int ma

{

int i = 0;
int sum = 0;

for (i = 0; i <= 10,
sum = sum + +ei;
printf ("$d\n*, sum);

152 FTEOBFFEEEEHR, BfiskE id. B AaERewcEmT, REsir

B SERIEE T ROHIR
a.
i=o0;

j=0;
while (i < 5);
{

c.
#define LIMIT 5;

if (LIMIT)
printf ("True*);

e15}31’“’1({ ("False") ;

153 TFHEACEZRFRIDMAF#ARANFAERRPRHB/ME, APBdHA -1" %
AR, BIEMATEICETELE, HB/ME. HREREHREE—HIR, Rk
SR IR AR BT . IR BEME R TR — MRS RIRR TR B PR

#include <stdio.h>
int main()
{

int smallestNumber = 0;
int nextInput;
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/* Get the first input number */
scant ("3d", &nextInput);
/* Xeep reading inputs until user entera -1 +/
while (nextInput = -1)
if (nextInput < smallestNumber)
smallestNumber = nextInput;
scanf ("$d", &nextInput);

printf(*The smallest number is $d\n", smallestNumber);

}

154 THEHMBFARZIEA-TFF ARREERPOFHNET (SAZHRREFHHERN),
B, MAMRR “Let’ s meet at 6:00pm”, Wi RR %R “Lets meet at 600pm”, {H,
BFPFEAE—bug, (REERIEHKELHIRG?

#include <stdio.h>
int main(

char echo = 10"}

while (echo

ho < ‘z') &&
echo > ‘A’ || echo < 'z'))

printf (vset, i

}
15.5 ik FARAD A R TR T ER g T:

#include <stdio.h>

int IsDivisibleBy(int divisor, int quotient);

int main()

{

int i; /* Iteration variable '/

int j; /* Iteration variable
int £; /* The number of factors of a number '/

2; 1 < 1000; is4) {

{
i usnms.blesy[s in

}
Printf(*The number ¥d has ¥d factors\n®, i, £);

}

int IsDivisibleBy(int divided, int divisor)

if (dividend ¥ divisor == 0)
return 1
else
return 0;
i

HREBRLLTHES
a. TERHIsDivisibleBy FF 444 i BRI, HAEMIOKBANSKIE, EMNREAL? BFT
*.
b IRE M N IEFFfor G, AR 2435 i T660RT, A R/MIME?
c RoHr, IRHILBFMFESBRER. #7: WY& IsDivisibleByi& & % 1/
BABHMANRIE,

15.6 (EFHRSEIEMIRT A, BEfE@BMyseryB BT 2 (0K, ZRBSBERRE?
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15.

S

#include <stdio.h>

int Mystery(int a, int b, int c);

i> 05 is) {

13 oe i 3 {

Pk < 1005 ke+)

sum = sum + Mystery(i, j, k);

int Mystery(int a, int b, int c)

static max = 1000;
int out;

out = 3+a*a + 7%a - 5+btb + 4%b + S*c ;

return out;

/* Iteration variable */
/* Iteration variable ./
/+ Iteration variable ./
/* running sum of Mystery */

)

MTRFRE—A/PEMRE (RA—-REH) MITERSE, X HASEATSORE ML, %R
Aok B R ERITRIOR., A ARME R, mRHEMUFERS, WRBE
MET, WTRPEEE. FE, AERHHKREDEPALWE. XEREGIPHLZ
AL ARANRES, MRZ, BIRGSHF—E-EWERE (IPHS). GLXNR
RERBF. BR, EXNBFAFE-PRAMRIHHR, WROSIR, HFTUME.

#include <stdio.hs
#define SEATS 10
int main()

int seatsAvailable = SEATS:
char request =

while (request t= 'x') {
scant ("tc*, s.xeque.u

if (request == 'R’) {
if (seatsAvailable)
printf (*Reservation Approved!\n");

else
printf ("Sorry, flight fully booked.\n");

if (request = )1
seatshvailal
Printf ("Ticket purchasedi\n®);

}

Pprintf("Done! ¥ seats not sold\n', seatsAvailable);
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16.1 iR

ARG (Kb ERARAE) BT RED AN BRI, %
BLC3CHBFR, RIS F . AR ERECES BAREN.

e RAFEHR (nERk) WM R skht, MfEE, RITALARRGRZEXR, %R
HREDRE. B, EAKEHE, ER&RKTUBKXIBREERERNSY, EREE, T
BRFETERS, EEROBREHMEKRG/N (RSTIHEMER—H#),

Bt R A — R R A BB SRR S, Bldn, ZEABRTEIHMHLCIRD S,
FAVE A—AH FEHESI R PSR R — A F RS RO TR P54 “ 5 # 40 (array) ",
S TS P A BT, RITEBHERERIINEQTE. WERIEES, alIftx
HRABEARIESATTHE (HARKTHENGSH0). BAZFLUEM, RED@EL ERITATMCE
—HIBAR, R, SERE, FIRFIFIE S, XEXR A RMAOR T AKIER LR,

16.2 #5§t

A 2HP B FIFERATNHE. BI6-1FURNICEF S, H¥SwaplIfFAR%KH
FAANSRAKIE . mainif M S HvalueAfvalueBIE 8 4 Swap @ B, HvalueA = 3, valueB
=4, YA Swap i $iE Bl Blmain ¥, RATHIZvalueARIvalueBIIEE L E#. HR, %
RNGAEHIITERILZIE, HEAWNERMEHREE RAMIER).

#include <stdio.h>

void Swap(int firstval, int secondval);

int valueA = 3;

1
2

3

4

5 int main()
s |

7

8  int valueB = 4;
9

10 printf(*Before Swap ") ;
11 printf("valueA = td and valueB = ¥d\n", valueA, valueB);

13 Swap(valueA, valueB);
15 printf("After Swap ")

16 printf("valueA = %d ar values - ¥d\n", valuea, valueB);
19 void Swap(int firstVal, int secondval)

21 int tempval; /* Holds firstval when swapping */
22

23 tempval = firstval;
24 firstval = secondval;
25 secondval = tempVal;
26}

[E16-1 Swapi¥: REXHRMHITSHOE
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EHMVERSwap B HATH , RARMER, REFESTHIFOREE, EI6-257A
BATHHRRIRE, FRMR BT RATRAANEL (FE2STIEDEHRST, EERAEERR
mainif B Z# ). BATEIH, SwapBB BRIIEIDF A firstValfsecond Val R B H R ED BA A,
i 24 Swap R 3 e 43R 10l 5 AR Sy maingR 0 2 ibf, SwapfyiEhio FE MM A, KRBt
BAREWMZER T, B, Mmain@®$fERE, FEHFAERER, BFHbug,

X0000
BATHHRZEE
RE —— e e e m e
R5 ——] 3 tempVal
main i HAWE
3 (8l main & $ #9 b At
& Pl mainf i swapE BT BT R
4 firstval
3 secondval
3 valueA
‘main @ ¥ 197 Zh i T
XFFFF

F16-2 Swap k¥ IE B8 45 A Blmain i ¥ 2 BTZ T B9 pR R

AECEFH, MARBBREKE G EARANERGSY, CEFHREEMIEDFHR
WEHBBR—AFER, HHERBRBAZEH U TEREA ST OB RE RS R
BT R IEE, MRSwapERKEEBEOEY, ELABEHRAMNRROEDIDR, &
BB CLA SRR, UK EME. BISwap i K #E iR R value ARimain & ¥
s dk (LABBCENME) . EMAERE LR BERIN, He oS m iz B Ll e x4
kR,
16.2.1 FEBEHER

T EROAER—-AAFH RO (ER), REWR, HEEREHRAEINER.,
SHEEERBXN S -AEE, REFHERORROHRAY (ype). filtn, —ERIEHERIEH
—ARYER, ECIES P, e RAFUIE W TR

int sper;

Ko, WERERApr, ERANE MR, £S5 (*) REZEMRAFR— M5 E
g, CRAFAKKD. priint *RBAE. AL, BT,

char *cp;
double *dp:

o, BRkoplfil— A EH, dplf— UM AN, R ERODBEFAMI LY
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TR R R E YO REER, EHTABE DAL,
Frhh, ERAMS 7 HRRHEROIERRERALHE, BR, mBFLHANRRIE
T2, BATREMLELYREORET.

16.2.2 EstiEMFC

TECIERH, EHARMERAARNA: BAHERA (&), FESIUREHA ().

Lz RN (&)

RAERA (&), ER—DENRIEROATRIL, ERIEREEL—AATEHR, WER.,
I REFF o, 5 Beptod B W B A Robject, EE TARAE A LM ARIT LR
objectfIMF AL

int object;
int *ptr;

object = 4;
ptr = sobject;

URMNBEFZBLCICHRB, Kb, FAFYNTRBERHER, FLABKARSA,
FIRARS, (HaLEE), EHM AN~ RHEE, EFH ST Lobject,

AND RO, RO, #0 ; Clear RO
ADD RO, RO, #4 ; RO = 4

STR RO, RS, #0 ; Object = 4;

ADD RO, RS, #O ; Generate memory address of object
STR RO, RS, #-1 ; Ptr = sobject;

B16-38H T “ptr = &object;” FMHITZIE, RHHRBEAWEDZRAOKE, HTikE
REMBR, RIAHTHENAFERAMORLE (FER
ER MM L HXEFFO), Tskht, RMIEHRSITMMEZ gy
XEFF2, %, objectfyNA LM IH4, WiptriIAz & LXEFFO

objecttty A B, xerr1 [ gz per
2 MR A (%) el 4 fomes
. XEFF3
FOABHZEFERY AR AR XEFF4
(indirection) 5 “# 31 14" (dereference), S “* XEFF5

(REFH “B” (star)), BEMERR LY RITE S D
WM ROMIE. B, FEX “*pu” PEIMIRIEEH
ERpuBERAE. BTG *psl AFFEESR
objectf{l, FFLL, *ptrfllobject@AILIL#ER, &
fTRTLAKE AT A RS A e An F

int object;
int *ptr;

E16-3 i fptr = &objectihfTIFEA
objectFIptr B fT I HA5#g

object = 4;

ptr - &object;

“per = wptr + 1;

HRERY, AR L “*ptr=*ptr+ 1" F “object = object + 1;” REHHY, SH BRI
B, i ERIEERAN ARG R, REOE COAR, EESRAALRRIZRILFOE (XL
RB4), TEARBRFEBWESHEREMIEZE (X ILRobjectiibhl), iERINEERD b RZ—

© A%k “operator” WIERIF, EFXMES, WHF. —. *. /BN “BEN, WM&, ~, >

b CBRIERT. MEXXR, EABHHM “operator”, MAXEHBIAN, EMNRFARY, HEHER
REIEARM—FER. FILL, EHH & F0 T BEHERS (MARREN). —EEE
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+ptr = tptr + 1;

Rikikit %
FIE R B LC-3IC RN,
LDR RO, RS, #-1 R contains the value of pex
LDR R1, RO, 0 RI <-
ADD R1, RL, #1 ptr + 1
STR R1, RO, #0

H#, MRCIEEMRIG—KIEME “object = object + 1., B RAITHRIBRARER.
FHAT ek, RiFBHEHESHLMOEREIAFERNHRLDRIES , — M inpuFiigtIneE
Hehk, B—ARERIAFEEIT, ibhORIE, TEHESAOMEARSIA, RFRTLET —
£454 “STRRI, RO, #0”, MEXKiFMR “object = *ptr + 1;”, FHiFJMAER “STRRIL, RS, #07

w4,
16.2.3 #stEig— 1318

AR AE A RIS RAF, BATATLAR 40 16- 15T RHIS wap R el — MBS, LASER AN
ABKIEME S, E16-4FRR SR swapBF, A2 ZUFHISwap & K fr & HNewSwap,

T Finclude <stdlo h>
2

3 void Newswap(int *firstVal, int *secondval);

4

5 int main()

6

7 int valueA = 3;

8 int valueB = 4;

9

10 printf(*Before Swap ")

10 Drince (valuen - 2 and valued - ¥\, valuer, valued);
12

13 Newswap(&valueA, &values);

15 printf(*After Swap ");

16 printf("valued = %d and valueB = %d\a*, valueA, values);

19 void NewSwap (int *firstval, int *secondval)

/* Holds firstVal when swapping */

21 int tempval;
22

23 tempval = *firstval:
24 *firstval = *secondVal;
25  +secondval = tempval;

F16-4 NewSwapihl¥l: 258 TR SHME

A E— AR R NewSwap S BIHIRT, A EIINInSOhE R RS (int %), it
EB, XMEABRRBATUR R RAFOE RO, ENewSwapR % d, BAIEMA RS
bikiag St Ao Lok 41

SR, % Mmain i B8 fINewSwaplt, FAIHEAMANEHRBAERREA 4040, Tl
RENGKE MT—MEANRBPAQLKIE) . ERXBOREHN &, HI6-SHRREHAST

p M & R IT S BT ARAARIRB, E16-5a~E16-5c=AF B2 JIFpE23,
2425 FTIBAMITEIIRANE .

Eidigit, CIEEABIEM A& e s BAWIRAR K, BRARIEORKERER,
R ESRESWAMARK. HR, ZENewSwaph, RIVABILF “‘&" AR ERORA
MM &3 A, ERYLRTIREGBN, SROMUREARBESR, HRIEZERER, KB4
ARERRIMNFMER (B, SLEH—ht) . WiRA&RTUGRS R#ESIRRE (*) 1
A (fnfgak) Z3TRETHEE.
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Z{7H Rz SEATRHR A A EfTrH A

t t t
XEFF3 3 tempVal 3 3
xEFF4 | main HAIMLEE ‘main R RN maingk ¥ Wi
XEFFs | B Fmain i ¥ Ay it & i & i
XEFFe [ EImaini BAE G 18 I 44 i 8 5 1
XEFF7 XEFFA firstval XEFFA XEFFA
XEFF8 XEFF9 secondval XEFF9 XEFF9
XEFF9 4 values 4 3
XEFFA 3 valuea 4 4

a) $23f7 b) 247 ©) B25ITM BT RAE

B16-5 NewSwapR¥hiTiEH

16.2.4 WigEE

AR, BAHE—MEHRIRTERRRE. H20R? ER 19NN BT HEMRREH (I
WE) 2JE, RRRERERE, TIE, ’ROANE-DTHEEEAATOITE, R4
AIRFEMRFEE A “2iest”. ECIEES, R TRIATRX &It

int +per;

ptr = NULL;

e, BT ERE THrE A Rpr, ECIEE S, NULLE—/MEBIE LRI EE, &
H—A SR AATRASME. Fin, ERERGS, NULLTLBE CARIEO, Hhik
ORI A BN R

16.2.5 &%
BUERTLARI A FE S VB 8 TR — AR T . A1 /35 1O R B rh fyscanfi 3«

scant (4d”, &input) ;

b, scanfRBAIES &, NEEER—A HEH, FRIEAT Rinput, EFEEMNL
inputhyltbht (AR EMIE) . bk, RAMEM TR (&), ROESR, WRRINMELHL
WIS, BEMSTHHETRIE. REAXHERE - 2EROMRED? 04 %R10
ARMphE, scanft RRETE % T fEI2?

TE, BANERTBEEOERIES, WTHR.

type *prr;

Horb, typefREREBMERE LR EE LHOMIEHKR (Mnint, char, double), priRBIEH A
(FARCHREIA) MERITIT, ZHEE IR, RIOVEH T AER, 20 EHRIERN,
PR A R R — /M type RV B, BI*ptrit 2B RetypeRy,

[RVRE, Bl AT LAK — > R BB B B P A4 4 . (BN B EmAR). fim,
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BATTLAE WX HE— R % int *MaxSwap(),

SHUCHESZRA—#, AR RREs AR RER™ f1 CXEETT SN, &
REMSHAZAMRERMLE RN, MRI2ZSH7R. EHE—ROE, HOHFHITREHEEFRN
WHBEBRERI,

16.2.6 #stHiIE

FHBE, R-AERAKRGORARE. MRARNES-A8F, HHBELRENH
(quotient) FIfx¥ (remainder), HIHIE “Abr S/ME” AR RDHE", HHWBREABRYK
MR RN, URFOSHIENER, RE-EFELSS (BRRER, FHEERNK. BHREE
REEH) . FERREET, RONBBUE—-ICREFRSEE “B” M1 “R%" XFAUHRER,

BEOMEFTIR, it SR B RS REREAE. B, SFH%R—KkRER
—AMEHE (%), B, EHRERARRRELERL, BITIED “return dividend / divisor;”
R, REH S BARELEAE, WALSRA “fak” HUH (AR EE).

ME16-6FR, HMInDivideFFANRE: 2/ BR, 2 BRURH . EIXRKHT, RIEE!
A BB EE2N BBy MBR. HBREERAE R RAquoPUis ML R, KBS RS
remPtedg RN AENL B

1 #include <stdio.h>

2
3 int IntDivide(int x, int y, int *quoPtr, int *remPtr);

4

5 int main()

s

7 int dividend; /* The number to be divided */
8 int divisor; /* The number to divide by */
9 int quotient; /* Integer result of division */
10 int remainder; /* Integer remainder of division */
11 int error; /* Did something go wrong? */
12

13 printf(*Input dividend:

14 scanf(*¥a*, &dividend)

15 printf(*Input divis

16 scanf ("%d", &divisor);

17

18 error = divisor, tient

19

20 if (terror) /* terror indicates no error */
21 printf("Answer: %d remainder ¥d\n", quotient, remainder);
22 else

23 printf ("IntDivide failed.\n");

26 int IntDivide(int x, int y, int *quoPtr, int *remPtr)

28 if (y 1= 0) {

29 squoptr = x / ¥ /+ Moaify *quoptr */
30 *remPtr = x ¥ y; /* Modify *remPtr */
31 return 0;

32

33 else

34 return -1;

3 )

[416-6 @ IntDivide. R EBERLMOBEANABISY . MBABHRHAH0, MiEE-1
Jer, @ IntDividehyiR 181 RARTR ¥ A FIBATRE, Bian, MRBRERO, MEEHK
-1 (HFARERBEHRTEK) « WREEO, WEFAMEHETIREY, Emain®h, 0
IR IR B E kR R B ER T A, ERAERWIENE 20, @i E R
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AREEHRITRI, RAEEFE “FHARE" MR, ETLERIMEMEKIERTRFHE
FRERRE.

BIGEXHE—ARF, ROVAERF GHEHLTR) BRSSP AENSRRS. 7iR%
BARRIB B RS i, BEFY— 3R (4nexamScore), JH-HS0N T REM BHIALAFREA K+ .
RRE, BRAVLABERSIHR, HRZEHRPE—DRIBT (FIREEH). FE %37, BRI
BIRGUE MR ROV RER. B, examScore[32IRAFEIINFAMME (1 FEMRAL
examScore[0], examScore&— MR IMIR), “HKm”, RIELI LN HI—A BT
e, ERAN, FiAMEETHAMERGHAE (i, chark),

BARKMKFTR—EENOREFH . ERKP, BESRBAAIHORR, m—Tif
BREERSK. TE, HATEHENRES, B ESEENRBLEN, fim, — BFEN
HEKKEA00M, BREZMDEAHFFHIIEN. B2, JARBEOAFEELX. o
6 Z BTt A TS R KRR S, LR R AT RER A

16.3.1 MEAME

B, B TCHESMMAFYN &, SHER—#, JARE-HXM XY, x4,
RRRFFMERA P A BAORE. WMTFHR, HRUGHE— RS0/ BRORA.

int grid(10];

o, RidlintR RS P ERBTOARESREN, eridREKML, HIES () K&
BERR A, 10RXEHABENERIN Y GXERWIEAE HRESTFRE) ., B
16-7Fi R RegridfENFH R RS RER. b, F10THerid0) s RAERMAF AL, B
JE—ATERgrid[ 918 5 BLAE R MFFHLAEAL
213

gri
gria(1]
grid(2]
gria(3]
grid(4]
gridls]
gria(s]
gria(7]
grid(s]
grid[o]

E16-7 grid¥4l M 77254

Kb, R grid—A B, Wi%SiAREE TR .
BEEIFER, EREREAPOHTRRER? mE16.75R, RAPE—ATRHSESH0,
BE—NTERNRES A9, FLL, FREET, ABEEHES PR SRR M%) WS
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BpeT, g0

grid(6] = grid(3] + 1;

HIEERT, EReridd AN BRI (IRt OREHAS), 1, REHERFABTME
#5. TERZEGULCICARI, Kb, Bikerid@EFHEPRREER AEHETER
#RS5#EIgrid(9]) .

ADD RO, RS, #-9 ;

LDR R1, RO, #3

ADD R1, R1, #1 R1 <-- grid(3] + 1

STR R1, RO, #6 grid[6] = grid(3] + 1;

ol B—FAEA RRMAERIMOUR (Agrid(0140MB4E), BARO, FHE “HAREH
A7, BBEBARIANTHMBAE. ZJE, @i Eeat+RS1T FR, RS

WAZFLASRBRLR, FEZ—£, FIE (BR) TUR-AMCRER., WTFHR:

grid(x+1] = grid{x] + 2;

BIEARBMILCICHRBM T IR, BRRRER TS~ BRER (grid £F).

LDR RO, RS, #-10 ; Load the value of x

Put the base address of grid into RO
R1 <-- grid(3]

ADD R1, R5, #-9 ; Put the base address of grid into Rl
ADD R1, RO, Rl ; Calculate address of gridix]

LOR R2, R1, #0 ; R2 <-- grid(x]

ADD R2, R2, #2 ; R2 <-- gridlx] + 2

LDR RO, RS, #-10 ; Load the value of x
ADD RO, RO, #1  ; RO <-- X

ADD R1, RS, #-9 ; Put the base address of grid into Rl
ADD R1, RO, R1 ; Calculate address of grid(x+1]
STR Rz, R1, #0 ; grid(x+1] = grid(x] + 2;

16.3.2 WEMA

BAVEM AT EROCRY, “MFHABAMM. TR FARAMM, REHAAL
E BT B, Kb, BABARER-TRORAR. MREUHE ¥4 5 TRRSH
SR, WBSTHEA “Totalli] = Examl1[i] + Exam2(i]”. i 16-85TRMCE, AR A
(0N BHRTR) MIANE, REHHEMERTFAS - IEA (BRI KET), BETEMHER,

T #include <stdio.h>

2 #define NUM_STUDENTS 10

3

4 int main()

5

6 dnt i;

7 int Examl [NUM_STUDENTS] ;

8 int Exam2 [NUM_STUDENTS] ;

9 int Total [NUM_STUDENTS] ;

10

11 /* Input Exam 1 scores */

12 for (i = 0; i < NUM_STUDENTS; i++) {
13 printf (*Input Exam 1 score for student ¥d : ", i);
1 scanf (*3a", &Exam(i]);

15 )

16 printf("\a");

17

18 /* Input Exam 2 scores */

19 for (i = 0; i < NUM_STUDENTS; is+) {
20 printf("Input Exam 2 score for student %d : ", i);
21 scanf ("td", &Exam2[il);

22}

23 printf("\n");

24

E16-8 HEMA107T K B AR
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25  /* Calculate Total Points +/
26 for (i = 0; i < NUM_STUDENTS; i++) {
27 Totallil] = Examl[i] + Exam2[i);
28 )
29
30 /* Output the Total Points */
31 for (i=0; {_STUDENTS; i++)
32 printf(*Total for Student ¥d = ¥d\n", i, Total(il);
33
34 )

H16-8 HHEMA10THREAMMOBIF (8)

H, HRMER LRI, B AL ENUM_STUDENTSIER, ERAREBA
EERM—A R XR—FE ROTILEE RS, BITEECHITEH (Rkt) FFhLiTH,
BRRCEL, Bk, RERNEBARANKN (mEMEEK A REER), RIOFTERS
B, ARBHEGRANEEYL (RA—L), AREFRERFIA, MREAEAZE, NSERak
ANEFE— R, BSRETERIM A A AL ER 3. HE, MERZ, SR M8,
BFRLEEN T, FLl, HARMBLEERE CHANKD, XR—FHEEIIN,

THERTE - ELROBAGT. WEI6-9FTR, BAFNREESEEA AT (StH
MAX _NUMST) ; RSB FFSI HRIE, BJa, JTEMEHF RICE T k.

1 #include <stdio.h>
2 #define MAX_NUMS 10

3

4 int main()

5

6  int index; /* Loop iteration variable ./
7 int repIndex; /* Loop variable for rep loop */
8  int numbers([MAX NUMS]; /* Original input numbers .
5 int repeats(MAX_NUMS]; /* Number of repeats /
10

11 /* Get input */

12 printf("Enter ¥4 numbers.\n*, MAX _NUMS);

13 for (index = 0; index < MAX NUMS; index+s) {

14 printf ("Input number %d : *, index);

15 scant ("vd", &numbers (index]);

16

17

18 /* Scan through entire array, counting number of o/
13 /* repeats per element within the original array /
20 for (index = 0; index < MAX_NUMS; index++) {

21 repeats [index] = 0;

22 for (repIndex = 0; repIndex < MAX_NUMS; repIndex+s) {
23 if (numbers [repIndex) == numbers [index])

24 repeats [index]++;

25 )

26}

27

28 /* Print the results +/

29 for (index = 0; index < MAX_NUMS; indexts)
printf ("Original number $d. Number of repeats $d\n*,
3 numbers (index], repeats[index]);

E16-9 St B EMIETTRENCEE

BT £ T numbersfirepeatsi® 41 (#IZMAX_NUMS/MSHIR). i, numbersft
HABCFFFT, repeatsfi & 3 FFEnumbersh WAL HBMKM . Bian, fnfnumbers[3] = 115, ffi
EENMRAFTI, BaRBA 15" (BIFEKSnumberssh £4/M115), Mirepeats[31% ¥4,

BFREEZAKERE, F—NRRE—MorfEFR LR S, 5 SILMmEB A% AFHTEIH
o PRI R~ £ MR (R13.3.27), Kb L& T HERH.
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IR forfk B 0B L5 N TR R BA T HAMKS. K, SEFEFMHHAR
index &k MO~MAX_NUMS, Hifiitindex %M $41, M5 1A TTHEnumbers[0)F B 5 — ALk
numbers[MAX_NUMS], 128 iit 575 t20~-MAX_NUMS, ZEMHEHMIHE S5t B ki
BB, GIHRERATEEL O TE, RIESHERFLAEHRTHE (numbers(index])
#E. IRE— /R (H)numbers(repindex] == numbers[index]), Wirepeatsef 5y fHEE
1 (Birepeats[index]++) ,

16.3.3 HAEASH

TERBZAEERABIENER, BAERERENASSHEAMmED. Bk, RNER
S—H@%, »IRkMEYEANTYERREE, MR (1) GREAE, (2) F#ix
HAMAL, IRIEBH A BIRT ARk, W ZME N EFHIRREE NE B —MEDIE
SRERMARHREMARIE, FENE, CIESHERMAN, RERANRE “fit” Hk., wE
16-1051R, B Average FEMA - BABY (BT,

1 finclude <stdio.h>
2 Hdefine MAX_NUMS 10

3

4 int Average(int input_values(]);

5

6 int main()

7

8 int index; /* Loop iteration variable -/
9 int mean; /* Average of numbers

10 int numbers(MAX NUMS]; /* Original input numbers ~/
1

12

13 /* Get input +/

14 printf("Enter ¥d numbers.\n", MAX_NUMS);

15 for (index = 0; index < MAX_NUMS; index++)

16 printf(*Input number %d : *, index);

1 scant (4", &nunbers (index]) ;

18

15

20 mean = Average (numbers) ;

2

22 printf("The average of these numbers is %d\n®, mean);
23} .

21

25 int Average(int inputvalues(])

26

27 int index;

28 int sum = 0;

29

30 for (index = 0; index < MAX_NUMS; indexs+) {

3 sum = sum + inputValues [index] ;

22 )

33

34 return (sum / MAX_NUMS);

35 )

FEI16-10 3 b ¥4 i B0 651 7

Ferbr, maingR ¥ 7E VA Averagelit, FA1EE 2l WSS E. &, &’
ERGHRENERRANAGES, ECESR, BANATSI AN TR, BRI,
T Bnint “RIE, ER-NEETRBMNFEEANRE,

numbers{: % ¥ Average S8, 75 B numbersHo s bt /A Average ik, e &%k
Averagerh, HZBA AL A T RinputValues, HAAREMBAT S HR A FARATE, B
16- 1157772 AveragefEreturnif ) ($3417i54)) HAT 2 AIRDETI AR,
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SEfTRHR S

Re — 4(!9 T
Rs —=] 10 index

XEFEB | maind B Average B BB HIE

XEFEC i i

XEFED 3B B}y mainf);E B

XEFEE XEFEF

XEFEF 9

XEFFO 15 numbers [1]

XEFF1 14 numbers (2]

XEFF2 236 numbers [3]

XEFF3 3 numbers [4]

XEFF4 67 numbers (5] '""i"wg%ﬁwai

XEFFS 48 numbers (6]

XEFF6 18 numbers (7]

XEFF7 23 numbers (8]

XEFF8 56 numbers (9]

XEFF9 ” mean

XEFFA 10 index

E16-11 ¥ AverageiR [ AR 23 8] A 20
R, HP WA SKinputValuestE 3 Average Iy ik, HHESIERKE, EiFEIER
BB BR AR E b
WTECIES S, JARA “ffat” HX. Bl EHEARKEN, M RAEFTREOEFEL,
FERHIBGE A E ZEHR TR, BRE—EE, mRRNFECEHSHELN R
(MAREANEA), NEEHERR “HE" HRERL i FRR?

16.3.4 CEEMFHE

FECIEE S, FHSREAN—ARENA. B “FHS", RETXF (text) BFEFFF,
AR EERRFEFYA. B,

char word(10] ;

HIEAERRE— AU FHORA. FHEEK, ITENRAKERA. Mm%
FREKE/NFI0, 2EH#? ECHFARRBIES S, FRHBLRLR—NEFH (FASCIBEY
0), BREFHROLHR, HOFFRBHATAERFTS . SFHERDHRTAH0, FEgh
=400/ 8

char word(10] ;

word[0] = ‘H';
word[1] = ‘e’;



Hi4p Aot tn 291

word(2] =
word[3] =
word(4] =
word(s] =

printf ("¥s", word);
HE,

b, BIN—A—MEARANE N TERE, SREFAVAZLEFHE “Hello”,
FHENSERF LG R —NTH, CERATHEH MR, BLL, RERANFRREND
10, BFAEFHRET MR, FLLZSAREROFHRRERAN,

FEXABIFF, printfE i T — M HFAMAIIE “%s”. ZRMEHERE, TEFRFHD
WFHFRH. NERIRERILFF G, ERERFF 0 Ak,

ANSI CHi %3 Sl 7 s £ R B a1t B, ATTEGITATLARTRMT :

char word[10] = “Hello";

printf("ys", word);

EBEEOR. (1) FRENBSFHFAHEI. ERG, FHHHNS " LB, f
BEFNEASISRE (0 'A%)  (2) KERXADEFHBRERBMERN 0.

FHEGHT

E16-125RI RIS, BEMR—AHXFHFRORAERNERTAORE. HRTHS
MKE. RINGE, FHRANANFFIREEHOEFHROKE (ERARREFHRMHEL
KE). BiLl, RINBEALRELRT, ARANEFHBOXFRE.

#include <stdio.h>
#define MAX_STRING 20

int StringLength(char string(]);
int main()

char input [MAX_STRING];  /* Input string */
int length = 0;

11 printf(*Input a word (less than 20 characters): ");
12 scanf("s", input:

14 length = StringLength(input);
15 printf("The word contains ¥d characters\n”, length);

18 int StringLength(char string(])

20 int index = 0;
21

22 while (stringlindex] t= '\0")
23 index = index + 1;

24

25  return index;

H16-12 HWRFHFEKENRF

HWFFERENRRREE, NFHEOE - TEFG, ARBRASETHHL, FL
SR TN ERREFHERKE, BI16-125RHIStringLength & B AL AX 2 Hik.

R, HePscanfif WA (E AR “%s”, EREscanfFNBAZA—ERFW, HF
BEFE—AE (white space) FH, ECEFP, FFHEHE. ZH. BIERF (ud), #EF. B
%, FEMKRF (vertical tab) HHK (form-feed) HE. FLL, MRBABTH, AFBATE
XBti% (44H (The New Colossus) {£# 3Emma Lazarus):

Not like the brazen giant of Greek fame,
With conquering limbs astride from land to land;
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R, AHBANoWEE AR Sinput, & TRINANESHEEMscanfBAKIZR, HLl,
MBRAE—B “scanf(“%s”, &input),”, WinputhgE A “like”, ¥, ZFMZFRHE “%s”
HIFFRRE. B8 I8EMIOF A,

R, EE AR T FHRAORARER2, WA, MRE—AAREADKEXTF0,
BRAMLHR? fFscanfR¥ERI A LinpuA K/ MIE R, FLLEH I BIERAFH
KEHASERR (Fbht), ABBREFIAL, MRE—AHAGKEAT20, MfEmaing
Ko, input2 EROREE RS EE, REE HscanifE B NEEHIERMOKE, RIS
ERERT, ERRSEEA—AEE, RERRRZILELILRE, WA BAFIEKT
inputt s K BRI L.

FEE—AHREANGTF, B THHEHSringLength e, ME16-3FRRR, RAEM
scanfNBAEA RS, REEA— RN R ZFHE, RERHRSEOFES (FE
R, RIFMRIRERED “Hello”, NEHELERN “olleH",)

1 #include <stdio.h>
2 #define MAX_STRING 20

3

4 int Stringlength(char string(]);

5 void CharSwap(char *firstval, char *secondVal);

& void Reverse(char stringll);

7

8 int main()

B

10 char input [WAX_STRING) ; /* Input string +/
11

12 printf("Input a word (less than 20 characters): ");
13 scanf("%s", input);

14

15 Reverse(input);

16  printf("The word reversed is %s.\n", input);

17

18

19 int Stringlength(char string(])

20

21 int index = 0;

22

23 while (stringlindex) = '\0‘)

24 index = index + 1;

25

26 return index;

27

28

29 void CharSwap(char *firstval, char *secondval)

30

31 char tempval; /+ Temporary location for swapping */
32

33 tempval - *firetval;

34 *firstval = *secondval;

35  *secondval = tempVal;

36}

37

38 void Reverse(char string(])

39

40 int index;

41 int length;

a2

43 length = Stringlength(string);

m

45 for (index = 0; index < (length / 2); indexs+)

45 Charswap (&stringlindex], &string(length - (index + 1)1);
47}

H16-13 REFHRMHBR



Rkt & 293

Forf, REHBReverse BE MMM ES , — @ MStringLength ik $IKBFFFH KB, ZRK
BFW, BINERFE-ARH, B2 5HHE AR, Db,

MBI, BB T A 16-4BRHINewSwap RS, {EReversel BM R EGEIR A, Al
PR ACharSwap ¥, LA EBF R H P A FHOGLE,

FECHMEREIES, RETHSRBOTHRBRERY. fim, FHEEN, FHRAH, F
FRLE, FHEKETRSEN. XERMOHY, HEEELXFsingh>d, TEEHF
D.9.2e 47 S FFF O & R 1F R 3

16.3.5 MASHEIHIXR

RIFHERIEED, JASIREFE—ERNtE, fitn, RANLT5H0RADRE TR
REMH, T ERBHRR:

char word[10] ;
char *cptr;

cptr = word;

SRS A%, FRIFEAM. fEiL, ROREREHERopr, E2SFHAwordiibil,
PERRRARF TRAOEEE, Bilicptrfiword Z MATLAE #. fi4n, word[3Jfi*(cptr + 3), VilIAIED
RFFRPOFINTH.

 WEZAMARZER, cprRTHBEMER, TiSARAFword R TRRIE. Fim, &

“word = newArray” SRR AN, MEFRRY, BARAF—ERIFARAENFOE, B
U— BRI, 8 “FRIE" FRERT.

RI6- 1T AR SEAF B ZANEN AR, F—TRMRERTRHELENH,

®16-1 EHSMAZANHXR

cptr word &word(0]
(cptr +n) word +n &word[n]
*epir *word word[0]
*(cptr+n) *(word + n) word[n]

16.3.6 ZH: BWAHE

EEATHAZRE, RIOEEEHERBR—A EE", XR—-MEEAEBAIEEERY
I - EREAANFA TR, ERIFHS. BiER, ReEFRENA (0), EHF
FMAME . al0]<alll<al2]--,

HFEMEIES . ROTERA—FHFRME “HAHEF" (Insertion Sort) Wik, Brifl “HEFF"
(sorting), RUHFRERH—ANBHEVE, AMIEIERB LI E XM, SHMRALHEFE, 57
LA, BEFARSHFRE, EREOHINRES, RHEIE0. RIELRA BAHF"
Rk, READESEENHAOHF S ST, Bifi €5 58K,

RAVMNT B FYERRIE AN, B IR/E % B BT RATH RCDE, HHUECDME AR &F M
FRUF, AFHFBGX%CD, BERA “BAHE" . ¥k, HCDYHFK, —HEDER
(HF) B9, —IREARHEFN, S8, —FF s “CHAFE" LAREN, B5, DT, S0
ARHEFRE MR —IKCD, WA ERFSACHFR, i, RECHFR+FEZ]CD, ERRM
#F5rBIR: Coltrane, MingusfiMonk, BLZEH —3kDavis#CD, W7 %4 & B 7E Coltrane
MingusZifl, Bi/G, fRocHER, HBIRHEFENDE, RIFXFGTHED “BANRE,
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W2, RAVBIREHAFEF LB RERAHFFR? ARG WMEIIRIA RS,
NEHR, BFOBOMIZE—/XBAMEFRRE, FRAPOBITE, RFBAFHAD.
BJE, FASRYEAMTENZR—HE, RARBFRRTL.

FiLh, EZAEORDLAS, BRNBERINA, —PREKH, ST RCHFRE.
Hk, BOTLUAREA—MHE, RETRINES, FHERBIAE LS ARARED (R
MHPFEERR, ALERMAC), RABNTRANGER, RARENS HOHFTE, RN
hAHEFTE. EARHEFRS (CL8) R, UHEHEAHFEIOERLE (4
WABRETREFAERRTEROB) . LRE, HHNALHHEN.

[ 16- 145772 FERTH A HEF B e InsertionSort, BEM T —/MEEMBEF. SMNEMHHAFHRK
BHETARHEFS, AR RRR EHEFT ChFTREREAGCR).

1 #include <stdio.h>
2 #define MAX_NUMS 10

3

4 void Insertionsort(int list(l);

5

6 int main()

7

8 int index; /* Iteration variable ./
9 int numbers[MAX NUMS]; /* List of numbers to be sorted */
10

11 /* Get input +/

12 printf(*Enter %d numbers.\n", MAX_NUMS);

13 for (index = 0; index < MAX_NUMS; index++) {

1¢ printf (*Input number %d : ex) ;

15 scant ("4d", enumbers (index]) ;

1}

17

18 Insertionsort(numbers); /* Call sorting routine ./
18

20 /+ Print sorted list +/

21 printf("\nThe input set, in ascending order:\n"):

22 for (index = 0; index < MAX_NUMS; index+s)

23 printf (*sd\n", numbers [index]);

24}

25

26 void InsertionSort(int list(])

27 |

28 int unsorted; /* Index for unsorted list items */
29 int sorted; /* Index for sorted items */
30 int unsortedItem; /* Current item to be sorted */
3

32 /* This loop iterates from 1 thru MAX_NUMS +/

33 for (unsorted = 1; unsorted < MAX _NUMS; unsorted++) {

34 unsortedItem = 1ist [unsorted] ;

35

36 /* This loop iterates from unsorted thru 0, unless

37 we hit an element smaller than current item +/

38 for (sorted = unsorted - 1;

39 (Borted >= 0) && (list{sorted] > unsorteditem);

0 sorted--)

a1 1list[sorted + 1] = list(sorted];

42

4 list(sorted + 1] = unsorteditem; /+ Insert item o/
4

45 )

E16-14 #EAHERF

TERRMER—THEAHFOLE, Bk, Thunsorted = 4t (¥33~4377), ListlMAA AR
104 TEH AT HR
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2 16 69 92 15 37 92 38 82 19

ZIREMA, RHlist[4] (B1S) AR list[0)F list[3] 2 B EHEFF e

PE IR B & Rsorted, LASLR Plisth EHEFTTH (List[0]~list(3]) . MR iZforfE3RRy
K, anRLsth T T SATEBAME (15), WA RRKAT.

WEERK ($38~4147) BHIT—Kk, RECHFHI - TEBHBEHT—MIE.
Bign, lst{3)e#s MBlist[4], BFLL, PEEFRGEE - RBITZE, BAlistINAMTHR:

2 16 69 92 92 37 92 38 82 19

R, ISFRME (list(4]) BAET. FAMD, RITDH15% 6 EunsortedltemBE i
To BRER, WlsRUEFEH#OEBE, R, $oRBR2ZE, slREED:

2 16 69 69 92 37 92 38 82 19

BERZIE, listh

2 16 16 69 92 37 92 38 82 19

Ei, forfi3hik, RARGHAREY “H™ (A% Plistsorted) > unsorteditem T HHE ) .
b 47 EHE A Ilist[0)=2, Eltbunsorteditem (15) /b, WEMEHRH LG, HATIEM “listlsorted +
1] = unsortedltem;”, F&, listEHEFF#Y £ T T Hk:

2 15 16 69 92 37 92 38 82 19

B FRRIE, BATETLAK AR HHEFF, BDSME0E PR sl

16.3.7 CIEEMANTE
SRHARGBIES ML, CESRBENAGBRRE. FLL, ERHCHBS BN
HRFEE. BaiER, CIEEIN—ABAKS, RHGCRTEERATEA, FFETFRER
il EmE, AARTERSIZARWAL, Ffs (KERES) HEEAETRESRE—
ABATH, WE16-ISHRAIRES, B TR FBER R S E P RE R, mRhlimiiA
—AKFHHAKE (MAX_SIZE) MM, RAFHFRILN & FaT R EIE O,

1 #include <stdio.h>
2 #define MAX_SIZE 10

3

4 int main()

s

6 int index;

7 int array[MAX_SIZE];

8 int limit;

s

10 printf("Enter limit (integer): ");

11 scanf("sd", &limit);

12

13 for(index = 0; index < limit; index++) {
14 array[index] = 0;

15 printf ("array(td] is set to 0\n", index);
16

17 )

E16-15 MRAPMA—NKARIE, EABFERAE—LERAR

PRATLAE S B FT I AR, 204 LR R IR o
BERCESTAHMAMHARE (RBHEAHRRS), +EBCRIOOIITEEER, X

© WMAEAMBFRRE, AT TURRIXANE, FHEEBRA—TKFIMY, REFarray 25
Bindex,
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RCEZMMMEZ—, SXMEEML, CRTTREAESNBHIED. FLl, ARHRERDH
T4, XA “bare-bones philosophy” (BB ) (CEHMRUELE, WHARBILS
BFR) HiLrasERRE, b TRAXKEE, F2ROCEF AEERBEN, &%kt
— RIS,

CIENMBAFENS —ARBE, BAXDREEN (SHREHESHANKL). RaEK,
SRZRFE, RUATARANKD, CEFFXHAERTXFHEANKD, fim, mTC
RIGRTAHEN. EAHRESER, HltemphIk/h (num_elements) R Hritsl, ©450
REHERKIE.

void SomeFunction (int num_elements)
{

" int temp(num_elements]; /* Generates a syntax error */

)

MTELRHCERF R, Fxhx A AE LR R B RRBHERSE, RE
B “REKT MR, s, BALEBEMNE CRIARRERTY, URAKARDET
£ CRBKRT. B-ATEHRR, ERABHENFEEYE, DESTHIREAEE (HXAE
HEH19TNTR),

16.4 NG

AEPHRAOTE SR ALE A R RBLEAD, XA LSRR, BT LR
WE, FRAXBATBEMT

- 54, BTIE “IR47. R—AESHBATFNR (WER) HhteyER, @i, RO
CUR S BAR S AR, RO RRE AR, ETUERRIRAM, it
1" HRGEREN. WEONATERS, RIOGERETHEEEN.

© M. BTR CMAT, R-ARERTHEENFESREEHS]. RITEL K51 HEK
A ETE. ‘Fo” FTRULRERNACATENRER, RELFFOMNR,
FEHEIEFHRIES TRAASA, XEARARD— TN EEORREH, B,
FHERE AN XANTOEA. Hoh, RITEETILHEARESE (BF “BAH
B ).

16.5 J&

161 RFS—ACERE, U—AFHEAHSY, EFFHEE—TREFENLIA, RBOESLR
B IERIABIER “Pig Lain”, BIEMNE: HARFHROEFEBIRE, ARHEM
A “ay”, PRATURIGEASALOKE R SR & XM BN T8E.
Bitn, mRBHAHE “Hello”, MEHERA “elloHay”,

162 REFECRF, EHETEBBZHPBANRF, AFRERM EFELHRNIE, KEHT
ENdi DM TS (REFERE ), USSR FH RN, BAFRRSHR
AT B+

Number: 5
Number: -6
Number :
Number: 45
Number: 45

4 numbers were entered and their sum is 44

16.3 iR, T RIGHIEFRPITE R AR ?
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int x;
int main()
{

int *px = &x;
int x =

*px = 4;
printf("x = d\n", x);

)

164 RBE—NFHERIERY, BABKHFAFH HstringARstringB, MEFHAFIFHM
@, WEEEO, #%FHMiA, mmfFstringAHEEstringB 2R, WHKE 1, nfstringBHEZE
stringAZ AT, WEEE2,

165 EFIMICAMEY, B3 “BAHRF BF, EERBHFHE (HAREH) TH
o

16.6 A FCE B BEIE HLC-3IC G,

int main()

int als], i;

167 SHTmTRF, EEQE, &, nd&EREHERGEH TR XHRAHECETERLS
).
#include <stdio.h>
int main()

int apple;
int *ptr;
int *+ind;
ind = &ptr;
*ind = sapple;
*+ind = 123;

indes;
*ptres;
apple++;

printf("$x ¥x %d\n", ind, ptr, apple;
Bt “apple++” FWIITLIE, BITFARIIRIE, REXHFILBRFNTH.
A ARSI T & ftriple, 1R, wiple & MAITEF)IRRE B A/NT S K

int main()

16.

£y

int array(3);
array[0] = 1;
arrayli] = 2;
array(2] = 3;

triple(array) ;

169 WRHSEF, MEEFFFIFHRIRET. fim, mREFHEH 5, 4,5, 5,37, W
BFMMHERN 5, 4, 37,

16.10 RASEF, HH— M HFRAMPE (median), Fiif “HiE", BRIFEAH LN
B, BRBKTR, T EEERAHF.



298 £16 ¥

1611 BEELAITCRA, BEEFE,
int FindLen(char +);
int main()
char str(10);
printf("Enter a string : ");
scanf (*¥s", str);
printf("¥s has %¥d characters\n", str, FindLen(str));
int FindLen(char * s)
int len-0;
while (*s != '\0’) {
Lenes
se4r

}

return len;

a. main g ¥ FIFindLen & B MITEZH IR F 2 HIHE K2
b. ZnRFindLenfyif A BHRFIFH “apple”, X5 thFindLeni& Bl ATE T RAINZ .
o RBAETH, AFMAHFHFHEREATIO BLXMEIHIERASMT?
16.12 mMTFRGMESE: NBEEA - FHS, AEHRPOASFHERYINEFH, &
SR RER TR, BR, ZEFEEHR, R,
#include <stdio.h>
#define MAX_LEN 10
char *LowerCase (char *s);
int main()
char str(MAX_LEN) ;

printf (“Enter a string : ");
scanf ("¥s®, str);
Printf("Lowercase: ¥s \n®, LowercCase(str));

char +LowerCase (char *s) {
char newstr [MAX_LEN] ;
int index;
for (index - 0; index < MAK LE: index++) {
(‘A" <= s(index] &k slindex] <= 'Z')
Y pavbr Lindex] = lindex] s (tar - AN

else
newstr [index] = 8(index];
return newstr;

16.13 ik TAYER, FEEE.
#define STACK_SIZE 100

int stackisTACK s1ze);
int topofsta

int Push(int item);

o WE&EKPush (E/HH), HERHMiemFEA (stack4l) TH, WRACH, WAk
EA, FREBGEEL mitiemE AR, WESGEEO,

b. M5 EHPop, WHKTILE, KUITPush, MBI (HZRMRBHTE),
WERBCEE ., IR, WK E0, % Edn o443 H (A8 B4 A%
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171 gk

FEBABONER “#)27 (recursive), RIFREIRFRBENUE. B, RINFZE—
AEHFBHFHRAET, ERENFENRS. BHOMERE, FMILBNRS SRS,
i~ ¥ EERNERMAFHTER, MRTLR, WLEFRNAFOFRRFXR, ER
FH YR ZARZFER. ZRNERFERRAXHMILCRN %, G, RITEER
W% “Babe Ruth”, WibiHL&FIMIR “Mickey Mantle”, H2, F—HEHRMBEIIE 5
5y OB, mFBabe RuthfE e, WIRAILZRIRBAKREIE. ROEXNHFRE PR
F#, FIRANGERES )R, IERNESEKED, -

BHR “#)77, FRBEEEE. BERMCEIEAA S, TREMITES. MBRIOFHL, #
VARFEBRLAIN —FETR R EORARET, HXElEs, CRENMBRARFEH
WHIRATIZ R, FIRE, BDGESH3ESKRR AR, #1375 0l % 7T AR RIS KM T ik, &
ARd, RIFMASABARBOGIT, I TRELC3 LKILBARBALE. LD B,
HHEBINEIBT S ¥ — EEGBARKRHITIREEERRTL—H. FROBME,
WRRRA NS AR, ST RRELA B AR, B, BRI RO RS EITRDN
BERR, BSF, BOFBIRREAKEREEERMES, ARSI TA.

17.2 f+4agEA
WA G SRS BOAEY. WEIT-1FUR, RunningSumphR— B IAEN,

1 int RunningSum(int n)

m17-1 BREKMOAT

ZRBOES R HRRAS B~ 1L ZAPTHEHMF. Fi40, RunningSum()B7it HAISH T
#isX “4+3+2+ 17, AR, RunningSumRRAMRE AT #. EE, 1409k 5451-309K
RSN, R, 1-30MBR3IMEI-20M, #i% CRBIAHRNER, HRmEK,

RunningSum(n) = n + RunningSum(n-1)

FEXCE b, ROVER IR BAER %0 PR “#J3F X7 (recurrence equation), fifm, 4n
EFURE B R RunningSumiyiE B ER. AT REFAMUR, RITEFE—WHE. BIEE
HEAHBRRE, RAOIFEHEY:

© %% “Babe Ruth” fl “Mickey Mantle” Z[EIMIMIFX R, P& ZHLLEAMZ “Ruth” F1 “Mantle”, BiLA
. A A X F IR, BIFEHEY RIS R, — AT
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RunningSum(1) = 1
ISR AL B0 T HoR
RunningSum(4)= 4 + RunningSum(3)
=4+ 3 + RunningSum(2)
=4+3+2 + RunningSum(1)
=4+3+2+1
FECIEEH, RunningSumE KM HE R 5 %89S R 55 LMF . ERunningSum(4)Ril I
frid e, RunningSumXLAB¥3EAT A (BIRunni 3)) + WifERunni IEHRZ
Hi, AT i 2)s i 2)% WIS iA A i 1)y {7 i n
o, EAHRIAEM, ik HE E 1A Runni 2); #AJ5, Runni X, BE
2+1#9{E £ RunningSum(3); H2J5, RunningSum(3)£%, i&FE3+2+1#{E%4RunningSum(4), &
17-25iR & RunningSum(4)$h /711 B A BT .

funnioghun(3)

return (3 + RunningSum(2));

A 17-2 RunningSum(4)% I8 FR @943 G R

17.3 BASHER

A, BATHTAE AR (fori54) MSRunningSum@, 3 HEMRDELRIAS
HEEASERM, (BAEH, BA1BARA TR, H B it (4 30 61 5% 008 1 B Ay D,

ERGRFH, REREMBITREAER (mfor, while) #4597 BHRE: HTLL, Fif
HRNRMEFT ARG NI, B, EHLEES, ITHLERENE, fim, HER
BHFTABAFROFE, BRREA RIS EARKI . EF R0 — /R R 2 3 58
REHGEERSRE, WET “HHEIRBER™ WEET, £4 T LRBBBIRE, KA
AREHBXN MO ER.

Tl MR LR, RARINRERT DS, BRI BA MR, G, &
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A %%, S5~ FEHRAIRunningSum, AFLL— M RAMSMEEE K, LB IR
BAEEIATR A, IRETLA A s (Angetti ) EFBFHAT A, 2L
HAnfHRIMIR, R4 R B VIR AR AP I2 T AR B0 — 2 (ETHINGIFBRMGBIARI) . RATH
FEVSTRE], HhiRERE DRI X SEA SRR, MoAF T LA XHNEE,

17.4 UEE

DU (Hanoi) SRAEHEMMM, ERATTLURR AN ERZE S MY 8. RigEe
R E17-30R, AEARAET, RPN —REE-REL, ATAT, AMEIK. RAITEHE
R, HERET EORARABES —MET b 0], BHMNAEFE: (1) — KRB
—AE# (2) KEEKEMFEREDAEZ b, £ER17-3%, EEFIEESIEL, HEL
WiHx s HABE S —RET L.

1 HF2 HF3

E17-3 WEHK e

AFEAREA NG HREARM, BrahmaFBAIMAZ BN HEAN—BETFBES
—MREEF b —BBNTR TEMES, HRAHGRET.

FATRER RS BRI ROAERITRE%, KA. 4BHEE 1 HEM,
BAEHZABAMEFIBERAIET, LTS, RAREEGRE (LRREETN) B
EEH L. BLL, ZA—EREHH— I BENEFIEBMBE THABRETF, 25, B
Fn—INARNPEETBERRET £ X8, RERTIZRE, 48, —KB3Hn- 11 &L
AHRY, FLARBEER e L M. B, RITHECTHEES BAFHANENGTFEE, %
WIER, MBXHENTFRERRT, BLARNERKERRT. th, —BHBXMEABE R
HTF3 (XRASEE, FAETIREREMN), ZRBNFLFAXLET /-1 HEER
B (WET2EAETS). BE, B EARAHBANEE, FLARBXER “EHFRAL
AABEEGRET L™, SREFESMZANOEE (RES&EnEhn—1), Hib, RATFLI
A AR (AN4EEES) WRIA1E) .

B, BAVHENFIEE AT RS LR WiZ{T %5 &R A Move(n, target), BilHn/™ [ A
BEAFET L. BEEMAIRMove(n—1, intermediate), HIHATn—1/1B&FBEHIE (intermediate)
T b, REH S Eargetkk 7, B/ERMove(n—1target), BIf#tn—1Mintermediate 3% Fbrk:
Fo BiLA, #EMove(ntargeyr, $#F Ui HIAMAMoveRfE (RBRBHn— 11 HA),

SO, RBFERRBABBR, BIE L OTREE GBS R4 (base case), X
AN, EREGEROES (£]) EBDTARET. BN, SIGEEREE, FUE
WHH TS RIEFMI RO, THRSH. QRELREE, UBHEKHTTBE, K15
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FFRIER TR,
AT RERIHIREL, $ITE L ACRBRMA A S T, EI17-4F0R R ZREIM R

Ci#t ek %

*» Inputs
++  diskNumber is the disk to be moved (diskl is smallest)
*+  startPost is the post the disk is currently on

++  endPost is the post we want the disk to end on

*+  midPost is the intermediate post

o
MoveDisk (diskNumber, startPost, endPost, midPost)

if (diskNumber > 1) {
Move n-1 disks Off the current disk on /
/+ startPost and put them on the midPost .
MoveDisk (diskNumber-1, startPost, midPost, endPost);
/* Move the largest disk. */
printf("Move disk ¥d from post %d to post %¥d.\n",
diskNumber, startPost, endPost);

/+ Move all n-1 disks from midPost onto endPost  *+/
MoveDisk (diskNurber-1, midPost, endPost, startPost);

else
printf ("Move disk 1 from post ¥d to post ¥d.\n',
startPost, endPost); J

BE17-4 SRUR LS 3 U9 o 3

E17-5 PRARIIL KR it

UBRIME—T, EREZAEAMKRT, BFEORTITIR, 0 TFHREE—KkMoveDiskE
WA, MRERA (RAMER) METIBERET3, HUET20H, BiEH, x-E—
/4B 17-SBTR#In = 3y Hanoisk [,

/+ diskNumber 3; startPost 1; endPost 3; midPogt 2 +/

MoveDisk(3, 1, 3, 2)

SRS, X —%kiffMoveDisk, RE#&IT2NES LB, MEETF2 (LEEF3%HH
o TR (BRI,

/* diskNumber 2; startPost 1; endPost 2; midPost 3 *+/
MoveDisk(2, 1, 2, 3)

A2 F I RAEF2, ARBESZINE2 EBEET3 (FA), BiLl, BXREA
MoveDisk (#1547,

/* diskNumber 1; startPost 1; endPost 3; midPost 2 */
MoveDisk(1, 1, 3, 2)

ZJa, ETHITTASBD, HRTE S printfiF®S ($2567), TEMERIT

© fik B WEMOBR, BTRFSESEAEEY, FUAGH -KBHRIE, BRIRITE—/ 8, #
RFWE B Rt HTLERIUR, EFANKEE “RERE, WTRY, —FHE
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Move disk number 1 from post 1 to post 3.

B 17-65T TR — B sh e R R L.

-6 B KBHEMREERE

F|AAIAIE, MoveDisk [ LUE I 1, BIMoveDisk(2, 1, 2, 3), BIBi—F, XA
i, ROFMHHRBE2Z EMFIANSBBELTI. BE, XIMEFERR. FLL, FT—
MR R K A2AEFIBERF2, Z/atprindiE (B1847) BIATIRAES, BEFERI, X
BaH— A EET.

Move disk number 2 from post 1 to post 2.

FRBHERIE L E 17-THR

printf 2 J5 & —/~MoveDiskifl. Wk BAMES R, HFREEM2Y FORABEZ2Y |
(52247).

/* diskNumber 1; startPost 2; endPost 3; midPost 1 */
MoveDisk(1, 2, 3, 1)

12 ERA AL, FUESBH. ROBRHEL.

Move disk number 1 from post 3 to post 2.

BRI R ILE -850,
(8 (C2) (i) (3 ()
L+ 2 3 ]

W17 KBRS HI7-8 B =RBHEOILEEE

BLE, BHIEGEEIMoveDisk, 1,2, 3), HIEHFA2R 2 EFH MAMETIBELET2, BUF,
Rl AR E EMoveDisk(3, 1, 3, 2), BlEE, M3 EWEAMELBELT2, FTEEMMWE,
FESMRET USSR TS, SR fprindiit) (B1547).

Move disk number 3 from post 1 to post 3.

BARBHERILRME1T-9FR,

BTROESZHH2RZ EMFAREMETF2BERETS (LETLAHA), TR, SFHR
WE224THIEAL.

/* diskNumber 2; startPost 2; endPost 3; midPost 1 */

MoveDisk(2, 2, 3, 1)

HERHERIMETF2BEET (RBHEIST),

/* diskNumber 1; startPost 2; endPost 1; midPost 3 */

MoveDisk(1l, 2, 1, 3)

ZBH BRI, BSKRNBEHE R mE17- 1050k,
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.Move disk number 1 form post 2 to post 1.

E17-9 PR 3G I i E17-10 HRKBHEHEE E

2ZJ5, BEFHAEMoveDisk(2, 2, 3, 1), TH, ALLHM2BERETI. BORMBIHLERM
E17-115R.

.Move disk number 2 from post 2 to post 3.

BE—HHRIER, BH2Z LA RBEA2Z £, AAKRBNT:

/* diskNumber 1; startPost 1; endPost 3; midPost 2 */
MoveDisk(1l, 1, 3, 2)
RGN B2 ERIERME1T- 1257,

-Move disk number 1 from post 1 to post 3.

ald Lle

BE17-11 KB E) ERY DL E17-12 SERGR DU
ik, WERL.

URMEE—T, =45 &#Hanoi M BHRART B4, MoveDiskif S 15 HA ..
MoveDisk(3, 1, 3, 2) /* Initial Call +/

MoveDisk(2, 1, 2, 3)

MoveDisk (1, 1, 3, 2)

MoveDisk(1, 2, 3, 1)

MoveDisk(2, 2, 3, 1)

MoveDisk(1, 2, 1, 3)

MoveDisk (1, 1, 3, 2)

BE—TF, MERABHALHRMZAE, BEMIZELT? BE2ZE, MEF—ELHT

AN EZE . BEHanoERIEEE: LF MM AT R4 EAMKME, tHFK A ML, X
A, mREHH - ARTFE—DH, ©OIBFESALRTR?

17.5 LRPRHI]

THEAEABIAERBAKIEHRED LK AR%F" (Fibonacci Numbers), %%FIR%
REFBEOIWE. LA REHE,

f)=f(n=1)+f(n=2)

fm=1

fO=1

BAES, EREAREII, EnBRKZAMHA KO, MEFIHL, 1, 2, 3, 5, 8,
13, EHFIR R i AR BE K Leonardo of PisafE 12004 AR IRHRY, il 4947+ %
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Bonacci, BfLAft#R B C b Fibonacci (BlIfilius Bonacci, 33 & B &son of Bonacci, Bonacciffj JLF) .
Fibonaccifi @XM 5 BHR, L THEFKR. Bk, RNEAERRR P HITHZY
B, U5 EROSRHEL . TERTEMERSE,

HATATLAR AN BRFRE AR, HRBLUHRE. K4, Fibonacci(m)iyL R
ALl it B “Fibonacci(n-1) + Fibonacci(n-2)" Y130 kKA. ZBAMSEREHE:
Fibonacci(1)FIFibonacci(O)AF EL#:%F 1. MI17-13BREIHHE Hn /M5 AR E ML,

1 #include <stdio.h>

int Fibonacci (int n);

int in;

2
3

4

5 int main()
6 |

7

8 int number;

10 printf("Which Fibonacci number? "} ;

11 scanf("sd", &in);
12

13 number = Fibonacci(in);

14 printf("That Fibonacci number is ¥d\n", number);

17 int Fibonacci(int n)

19 int sum;

20

21 if (n == 0 || n == 1)

22 return

23 else {

24 sum = (Fibonacci(n-1) + Fibonacci(n-2));
25 return sum;

2% )

27 )

F17-13 Fibonacci@— /@ HRE, ERAKHEEA LEHEK

BAVEEL AT, AR ALBENRIALEREMOLIIS ., A, sEETK
HLAIR B3 RAAR S HF . M- RBOE AN, TERANEACACERALEYK, BRE
FERR R AREA - FEH LR, $0ER, REEREHRN, BEE - MLANED
RN (BEEEABHER), ME&MOTREN, % TRA—HE MEZAREEE
FIRE) . XRTGHRBAFBREMEATR. G, WRERKH, EOERENTHFE O
BERBE BN, Wk FAFibonacci ®¥y, H0HM %2 RN —KBA+HBLAHMHMKIE.

T, RATREE—TLL2 K3 AFibonacci& ¥ (ENFibonacci(3)) MIEB. BIF4.
Fibonacci(3)#i& 3hi FMEA M. M 17-14F0R & K A R RAR &,

it AFibonacci3) & ¥k 2 J&, BF#ikA “Fibonacci(n-1) + Fibonacci(n-2)" fIi+HMIFE A
ZRA, B SFib i(3-DEVZ R, HIFi i(2). BiJ5, Fi Q2)MITEIE TP
AR (mE17-1409 5 T2PTR)

*tFFibonacci2)k B, £%n =2, RMRERS M, PiLAF K™ 4:Fibonacci(1)if (4
17-14f953) . %18 /AR 7EFibonacci(2-1) + Fibonacci(2-2)s =,

ffiFibonacci( DM A HEERITHA (BAHSKn = IEMELAREH). EREAHERLERIE
Fibonacci(2), Wfi/5 & Fibonacci(O)#yilifH, M/E5EM “Fibonacci(1) + Fibonacci(0)” AIHH (M
17-14#t%184), Hh, Fibonacci(O)b HHEE M1,

Fit, FibonacciQ)MER . EFMLER (h2) & E L EHIAMAEFibonacci(3), Rikskt
Fibonacci(2) + Fibonacci(1)#) /& 3 885625, Fibonacci(3)4k4% 18 MFibonacci(l) (41M17-144%
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B®5), Hh, Fibonacci()E#EE 1, FRFibonacci3)BMszM, £R%3 (ME17-14095K6).

? R6
T Fibonacci (2)
le— RE
Fibonacci (3) Fibonacci (3)
main main
SR EABAMEIL %®2: Fibonacci(3)i#l FiFibonacci(2)
l— R6 ) R
Fibonacci (1) Fibonacci (0)
Fibonacei (2) Fibonacci (2)
Fibonacci (3) Fibonacci (3)
main
main
%3 Fibonacci(2)ifi i Fibonacci(1) 4|4, Fibonacci(2)1 fiFibonacci(0)
T l_re
Fibonacci (1)
[+— R6
Fibonacci (3) Fibonacci (3)
main main
$®S: Fibonacci(3) il fiFibonacci(1) SR6: EETF A

B 17-14 Fibonacci(3) U Fid B hHYIE f7i etk B
SR RA i Fibonacci 3R I BE T AR BFAR, WA FH.

Fibonacci(3) = Fibonacci(2) + Fibonacei (1)
= (Fibonacci(1) + Fibonacci(0)) + Fibonacci (1)
S1+141

FEFibonacci)RY L L B, &R 3518 M 4 T Bms <

Fibonacci (3)
Fibonacci (2)
Fibonacci (1)
Fibonacei (0)
Fibonacci (1)
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#  h
ﬁﬂ%ﬁﬁbonaccn(“)mﬁlﬂﬁﬁn‘ﬁﬁ Wﬁﬁﬂ‘.ﬁbonacm@)&‘llﬂ}ﬁWWESZEFMHBCEIM)E’J
RNz, FRRER, i = i(3) + Fil i(2). [E#, Fi i(4)
WJWHIﬁﬁ’:&EFubonaccl(S)ﬂﬁiﬁﬁiﬂ’a—gﬁé}“ EAERG, H—A1E, HHEFibonacci(n)fyit
F B R A R A

BEI17-15F0RRIZBFFELC-3 CHIRR TARMNG, EE, EXRREOERTIRY, RiF
BRIBIFMRILE, B TFHRETARNS, FLMTEDRBRBARBTREEEY, R
BRARFE G, (FARIERE, (REEI, %8 HFEE H#HiEFibonacci R HMIH 2417,
GRT A g R . RS SIS EMIPRE RNFARM, 20 RKLAKNEE.
il 28 R 1925 ) 9y BAEE S iE R B F B B R 2 k.

1 Fibonaccis
2 D R, R6, #-2 ; push return value/address
3 STR R7, R6, #0 ; store return address

4 ADD R6, R6, #-1 ; push caller’s frame pointer

5  STR RS, R6, 0

6  ADD RS, R6, #-1 ; set new frame pointer

7 ADD R6, R6, #-2 ; allocate space for locals and temps
[]

s 5 load the parameter n
10 i n==0

1 :

12 i ne=1

13

14 ; load the parameter n

15 ; calculate n-1

16 ; push n-1

17 STR RO, R6, #0 ;

18 JSR Fibomacci ; call to Fibonacci(n-1)

19

20 LDR RO, R6, #0 ; read the return value at top of stack

i pop return value

21 ADD R6, R6, #-1
store it into temporary value

22 STR RO, RS, #-1

23 LDR RO, B5, #4 ; load the parameter n
24 ADD RO, RO, #-2 ; calculate n-2

25 ADD R6, R6, #-1 ; push n-2

26 STR RO, R, #O ;

27 JsR Fibonacci  ; call to Fibonacci(n-2)

28

29 LDR RO, R6, #0 ; read the return value at top of stack

30 ADD R6, R6, #-1 ; pop return value
31 LDR R1, RS, #-1 ; read temporary value: Fibonacci(n-1)

32 ADD RO, RO, Rl ; Fibonacci(n-1) + Fibonacci(n-2)
33 BR  FIB_END ; branch to end of code
3

35  PIB_BASE:
36 AND RO, RO, #0 ; clear RO
37 ADD RO, RO, #1 ; RO = 1

38
39 FIB_END:

40 STR RO, RS, #3 ; write the return value

41 ADD Re, RS, #1 ; pop local variables

42 LDR RS, R6, #0 ; restore caller’s frame pointer
43 ADD R6, RS, #1

44 LDR R7, RS, #0 ; pop return address

45 ADD Re, R, #1

46 RET

BE17-15 Fibonacci ¥ FiILC-3ICHREG

17.6 —H&EH
ERBORAHS, RITMER TER AR, £ DRFRENFIRSRA S, &
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AT EERFA FEORL . BAVBRXFH AN =2 &R (binary search), EHGEIEH
BEEFFREPERRETE. TH, ROWESEINBAMER L, KA —HERHCE
&%

BERIE—DTFHFINE AT, BRI R, MRERAT, WAKER
EERERAPIFETIS, mRRED], WER-1, FZES P, ROVTLRA ““oER Hik:
LE-NMHAMBEROEY, ROCCREAPAOE, ANEERER. (1) $Ti&+E
e (2) ATFHRE 3) KFHRER. WRA%, WCRES, MRATFHEK, WEARE
HIRTHE, FERAAE S EEER RAThAS, WHENBAGE, FHRARESSE
o ER, £ (2) M 3) MRS, RIOFTUCRABEAER, B2, WREAHRERBAR
MERAEAN S, HREWITYR? EBITH R, GUE T8 A R 7L R B B M T B
Bk, PIUA, IREEROESHE, MR — TSR (AKX NH0) HTEH. &
FURF RN, RMAREE-1, KF L, XRRIZER AR K.

E17-16F7 R 4 ERFAMCHEIART. E8, HRIEESSIE & EHaEHN Rk
/b, BinarySearchifIfk A B3R, BET 48T FRAMEHLILERIR. EEXBAMN, TR
startFlend A {H S W AT E L, BNZER B A listh iR/ T BAPER.

B17-17BRAR X B RIS BITRE. b, Bcfilisth 114A-TL#. ZEBinarySearchif B
ik, feBHERERE. EEROHTE (tem) MRERKA (REFI6%, FRHEKAHE—
ATFER A SRR L L) . HeSh, BOEBANERGE, MRBEBASRER, fif—Kk
BinarySearchfy# AW, IXTEEAEEAG/, EBRERTEF AE N RERATHELIL,
X PR LR VAR 2 R

Rz, mBAEB o FEA, RATTUCR A EARAFE R B, B Kok I &Llist[0],
list[1], list[2]-- %%, AFICREDRBALR. BR, E-sERHES, TEAKED, £
KEERARBRMI B, EHRTEEE R, EFEOTHIRES, REH¥I - HBERA
BRI TR, ERIBTI A AR ogon (nRMAK/DN), THNUF 2B 2 BN Ren

** This function returns the position of 'item’ if it exists

2
3+ between list[start] and list(end], or -1 if it does not.
P
5 int BinarySearch(int item, int list(], int start, int end)
s
7 int middle = (end + start) / 2;

s

9 /* Did we not find what we are looking for? +/

10 if (end < start)

11 return -1;

12

13 /* Did we find the item? */

14 else if (list(middle] == item)

15 return middle;

16

17 /+ Should we search the first half of the array? +/
18 else if (item < list[middle])

15 return BinarySearch(item, list, start, middle - 1);
20

21 /+ Or should we search the second half of the array? +/
22 else

L 23 return BinarySearch(item, list, middle + 1, end);
24 )

B17-16 #4753 F M IICH B



309

start middle end

list

BinarySearch(109, array, 0, 10)

start middle end

list

BinarySearch(109, array, 0, 4)

middle
start

list Fz Iae l 37

110 | 153

w[=[[=]

BinarySearch(109, array, 3, 4)

middle
start| end

list HOIIS@ 367]392'777!?26]

12]32'37[49

BinarySearch(109, array, 4, 4)

B17-17 fE—ASHNATHEOBE B ER Bk RIOEROLTHEI9

17.7 BHEHRAASCIFRE

X FRARBOIBF— AT, B BEEHBOHASCIFIHR, BEFEI0EHNE, Hh
FEBRRE b BR—A SR, XM G — (DB, AR R RIASCIIF R, Bfak
HER, E105EH, RAEMRR B LM SLC3RF.

T, BARABAGERTR: ORRREE A6, WA E AR HHASCIFFF
FEH (EREME) o MRBEEROREE S0, RO (BhL) ZHRKETEA
TR, iU e i T R A S AR

1 #include <stdio.h>

void IntToAscii(int i);

int main()

int in;

Couanawn

printf ("Input number: *);
10 scanf("%d", &in);

E17-18 @Ak BIntToAscii, Hf—/ E ¥ B HASCIFTF 8
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" F5y
12 IntToAscii(in);
13 printf("\n");
14
15
16 void IntToscii(int num)
17
18 int prefix;
19 int currDigit;
20
21 if (num < 10) /* The terminal case v/
22 printf(*tc”, num + 10%);
23 else (
24 prefix = num / 10; /+ Convert the number 4/
25 IntToAscii (prefix) ; /+ without last digit  +/
26
27 currDigit = num ¥ 10; /* Then print last digit +/
28 Pprintf("sc", currbigit + '07);
29
30 )

FE17-18 @AM IntToAscii, H—/ EBMEILHASCIFIFH (58)

AR InToAsciify TAERRINT : RIRERRAIBERZ21 669 (%A MAIntToAscii(21669)),
FERRBP, M AP . — RS IR MInToASCHi R “2166" |, —RIEMMEESS, B
B “97,

FERTGH, BITRARLIOM Y 2 ZREBBnumBIBIE, RIEHER (BRE/DN) Bt
BAT—SBIAEA, nRnum AF 0, WHEHBDASCIFEIER, MAFLAESIFIER,

YRR BOEEEAEZE, WA MK (BRIEH%K) HRHASCITHHERT,
HRAFIZE R, A4 HIntToAscii(12345) 1 s BEVEAFF, nFFinR:

IntToAscii (12345)

IncToascii (1234)

IntTohscii(123)
IntToAscii (12)

et
17.8 g

AR, RIOATRANMS. FH B2, SREGTRIERA N SR, sRAE
WFE5, BRI, RATELEMI), FRARI - DUTA R E BN T — A Hon s
WEN, BN, LB ARYFIRBIETRIT R

Fibonacci(n) = Fibonacci(n-1) + Fibonacci (n-2);

HRUER i BRI, ELAH—ERA

EHBE, BH, R—EEAANIR, E4ENRLT, CTAKAEESREKRL,
(U0, LI, BTN B SR Hanois5 1, ML R, RIS hH S B
ERER, EEEHREE, RINEHLIREEMAT 6" ORLH (oE. B), Kb,
RFENBE RS SR RS RN . T HIURRRS, 7R MR 50 R
ARSI W, ERABHRT, ROEDERN A EHWIER— kB, TR —
HiERei. G, DR — RN, BRI e 2 FR A A5,

179 3@
171 RAEA RS UG, BETARE,
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17.2
17.3

a. IR AT i 10), iRF i (17.2%7) #H@AMEIK?

b. 1A FARunningSumm)#? LAnhBEERER .

c. FEHanoiB I, AnIRIF44 M & 318 i MoveDisk(4, 1, 3, 2), RFMoveDisk# 4
%K

d. fEn/ 1 & 9 Hanoi§ IR, 364 £ 0ok s BB INE

e. 018 Fibonacci(10), Ik Fibonacci®® (WE17-13) #HIBMA £ D%

AR EE N R ARY, RIAH £k &K IHA?

R, ERIRBEERIEAS, REIEER— D2 bt 42

FELNE 17-18 BT R MY IntToAscii 3t , AR A Hrprintf il VAR AT 2 () o 02 B 1B — T,
SR&miar

BT s, EHAHcount Q0L R & £ 7

int count (int arg)

if (arg < 1)
return 0;

else if (arg ¥ 2)
return(1 + count (arg - 2));
el
i
BHEN T HIRCRAF, B % RS :

#include <stdio.h>

se
Teturn(1 + count(arg - 1));

int Power(int a, int b);

int main(void)
{

int x, y, z;

printf ("Input two numbers: ");
scanf ("%d ¥d", &x, &y);

if (x>08&y >0
2 = Power(x,y);
else
2 =0;

Pprintf(*The result is %d.\n", 2);

int Power(int a, int b)

if (a < b)
return 0;

else
return 1 + Power(a/b, b);

a BELUTHA, AHTEEEH.
(149

@275

3-13

b. Power@ SIS AER AT 42
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c. E17-195TREPower & XA FRRIAR R IR, o, BoRmRFBRIESIZR, AHINE
EHE, Bi%iZth KB REPower 3 i MreturniZ AT Z ATRIHE, RIS B+
BHEE (7) MEENE, WRCBEAZRIBILE, WAL ZAF R LE,

RE —={ ?
— |
B Power i3 Hyi i R 25iAl
?
2
B Powerdy ¥ )i iRl
11
7

B17-19 Power ik $i 5 IS F7R Ak
17.6 B TCERY, B2 8 :

int sigma( int k )
int 1;
1=k-1;
if (k==0)
return 0;

els

}
a. FFiZB VT B — A ER VTR M. B SigmaORY S B BRI RV,
b. BIRAH— A IKBA/MYESRZR, Bt AR ERZL16-bit, R, ZARA
/MRYZS EIRE AR A % U AV Y Wt B R R T R

177 RGMTFCRFSRIF/FELC-3 LB, BFNWTH, Ry XFEFF, MK
xC000 (EAkHyBA 5 FRFEA/NE16KB), WREI% RS

SevenUp (int x)

e
return (k + Sigma(1));

iE (x == 1)
return 7;
else
return (7 + sevenUp(x - 1))
int main()
int a;

printf ("Input a number \n");
scant ("sa”, &a);

a = SevenUp(a);

printf(*sd is 7 times the number\n*, a);
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17.9

17.10

17.11

17.12

a HRIERFMFIET, FAMBAERSD? REEH,
b. AR BAARZEERKB, WB AT REMMAELR L7 WEEH,
RATEFIRFHLEAREY, CTURHEN LHARY. K5, EFRBRIET,
FEARTABRAR A Fidh VAR AHEATEE 1], IRE), BT Y4n R KB, 38 UARRAHEF7 A ER
[:E24
LT 16FURI Z BAREF, RREEREA 0N, RESXBRG, #2ks
FE R HEF S

MTRAFTREANRE, KRBEFFEFTRORBEAHB L. REHASa~chiE
EIE, HEERSE—A .

int ea(int x, int y)

int a;

Teruea iy, ans

ea(12, 15)
. ea(6, 10)

ea(110, 24)

d ZRBOERRM 47 RS %R R TEIFIR A,
WM TCRE, KBRS~ ER A RARD,

int main()

o B -

o

printf("sa", M();

void M()
{
int num, x;

prxntf(”‘l\/pe a numbez "
scanf (*#d", &nus

BEM TR, B
int func (int arg)
if (arg ¥ 2 1= 0)
return func(arg - 1);
if (arg <= 0)
return 1;

return funclarg/2) + 1;

}

a REFE—Parglyl, SRERBI? MBEH, WA,

b AFRIR, FEmaing b WAfuncE Y, REZBERT LR, func@MIHIERT
EZ 234
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int main()
printf(*The value is ¥d\n*, func(10));

17.13 W FHRR—ABITERE, RMABRR A TEROFHE, ZR B0 FFE A
BHAMEESRERX LR, #¥Balancedit)fE AR ILRRAES, MATIFHAHOEIES K
XA, WIEHCEEO, TREEEOM, i B R ing, 0,0),
{8, THikBalanced ¥ Pk — & X @A, FHSHE,

int Balanced(char string(l, int position, int count)

if ( )
return count ;

else if (stringlposition] == )
return Balanced( string, ++position, ++count);

else if (stringlposition] == )
return Balanced( string, ++position

else
return Balanced( string, ++position, count);

}
17.14 R, MFCRFRRHERRTL?

#include <stdio.h>

void Magic(int in);
int Bven(int n);

int main()

Magic(10);

void Magic(int in)

if (in == 0)
return;
if (Bven(in))
printf ("$i\n", in);
Magic(in - 1);
if (1Bven(in))
printf (*¥i\n", in);
return;

int Even(int n)

/* even, return 1; odd, return 0 */

return (n % 2) == 0?1 : 0;
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18.1 #id

A AGERF, SHEMMIHER, RERUERE, REHHEH, RETREH
EMS NS -G HENL. B, REBFIBFEAIRAKEAREST. HE, MRAKXSHG
ARGERIES . CETAGHILHMARHRE. HE, SAMKE (FKVO) MLEDE
R bRl e R BRI, THANST Chrof, T3 2 P 6 BUH ShRERNHE 11 B T AR ALY 2 L.

AT RIUFRHER/OBE &S, e, putcharfprint IS AE M 158, getcharfiscanf
WISEREBUR AL B, E@AMEHER, wfprinttffscant, WRRITXHVO, s LHI3
k. Akprintffiiscanf, FRAFBE Mo RAPRLTR, 45K L EKELBES RIF
g, PR TESY, RHLCIHMOSHEBIH, BIXBOIFHFTR.

18.2 CiRfEEEN

PERERBARCESNT RN, CHIRURE . FHRRE, J¥a). XHFERA
RERASEDRE. REERRHHOTEENSERF. HR, CHAMRARARFRHE—%
ERED. RNTUSREERRE 0K, BARMPUBEIRKERET B0 R4
(component), BEEHATAIRFFIRIHES, MC+Alava, ARilit & BROTSRA I A 2R B R
WO HERD.OHRW MM~ BCERY ., ERBGRERF, BIINGREEHENEILRIERSE
FgRIERARIE, FHAFEABITR, 550 xR B T ORI,

FrAMbREE R, RIBENHRMAR, MhE M. FENHED, XHBE—/ k3t
(header filest* h3x#h), MREM AR EAMBERY, WHEELEEACHEF L&KL
Ho B, aREEAKEEYsinfan, WQEmathhkX i, B, FRERARL&Y, 3T
Hfstdioh3th . ASCHRMINAR BRI RHRNEE L, HAEXERBHREXIRT,

FIRER , ARk SO 4T R BRI RED, B2 B OB PR R SR, B 2R K S R
% (tnprintf) MRT? BRE, RBEFHRIGEHME —SHHBRAN, FRERKREMN iR
XfE ., AHSERFRHAEN (WXL, AARERFERMTCIONR). ERFMIENR
JEBYB (BRBERRBYBL), o REHERRAF ST, MR R ) A AR AN PR R AR RD B e
—k, BRREHTRTRE,

MER—T, L ESREAORBRFOMEREN M, TREMNT, EREETL “HA”
MR GIFWRT, BBEMKKRHEEEAE (dynamically linked libraries, DDL) 8% ¥
), AESBREEHAT, H@NO SRR AU ETRT RIS, TREBRFSITH, #
TEANTE,

18.3 =FHFI/OHIE

BAVES BFHABIEMVORM : getcharfputchar, B 1EK ALE—AFFF, RLC-34y
INFIOUT 54, getchar ki A— MAA T BFRIASCIRS{E, putcharllitH +FFAIASCIRL(E ,
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18.3.1 /O

WL, FHEETFEHOBA/MHREDE A" FRM. G, NRENFRAHASCI
FH, BR-ANERAGHT. HASRA-NFEN, REFERFEMEIRORE, fifaix
TR M IRHD KR ERBBR s Fan, ASCUERROTEMBR MR, & i I RIEMEH
HEHRES. BriE W, MY, RERIERGHIORE QIR — NFIFOCEHEH)Bb, #
FHRBESR K, RIOTLHIE “£7%" (NBAMA) 1 HRE" (RAZRERF)
MR e, HEMR TRARIER Z AMEENCRAE (2RE8H), - FHHHE
FAG, R EHRHROFE, WBFBRH— 1 FF 20, WLABIAGT— F AR HR
ERBETK. Tif TRLK, BFAREASRN TR BGHERNT, fiRL%o6mHig
HORE. HBIEE, MC++, HARGEXLIMIORME .

FECIEE W, FREMAMBAsdin, RARRT, stdinfRMBRRE . TRk HEL
stdout, AR T, EREBTH. WitgetchartifEH, A MstinFIRM—DFH, HH
putcharffJ{£ 55 Wl & Fstdout tH— 74,

18.3.2 putchari#

B $putcharFILC-3MIOUTH AL, EMHREH S (—DFH) HHBREHHES,
T e fpuchar BB HEC R —TASCHRS, FUUREEX B “KWHK", Fid, mF
JUftputchar IR R BN AT, ENRIMRHEERAR, BFHF “h", putchariH bk ¥ (4
CREMER) BEFRXH, WAHAL—#, - FROL, R MREERY (EkX
fstdioh Y ), B it AR Bt R AE AR R VR A B B BEA B I T T ARG

char ¢ = ‘h';

putchar (c) ;
putchar (*h');
putchar (104) ;

18.3.3 getchar®#

B ¥ getchar SLC3MINTE &AL, XWBAEEE, RHERERAL (stdin) LEBay
ASCITEG{E, MIAMHR T, sdintt B RBEEMMAR. T RORTOHR, getchariBEKET—
MMEEWAFH (ASCUR{E), HHLARS TR,

char c;

c = getchar();

18.3.4 &m0

18- 1FREF, WREBF—BEBRF, REZRBFEOERTH, BFRTH BA—
NFEHHERH, TAFRA-DFE (I “2°) 2R, HRAE-IMRTELHET R
(getchar@ B LIPBA WMIT) 7 BR, MERNBHA—-EER, BFETHKERT, getchar
ERFLEN ALY

1 #include <stdio.h>

2
3 int main()

.

5 char inCharl;

E18-1 RMpARIGT
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char inChar2;

printf ("Input character 1:\n");
9  inCharl - getchar();

11 printf("Input character 2:\n");
12 inChar2 = getchar();

13

14  printf(~Character 1 is %c\n", inCharl);
15 printf("Character 2 is %c\n", inChar2);

E18-1 SRAARIBIT (2)

JRER A A TR AR LT HANAGERRAG VO, BNE M EHR A S iR E
RGEMRGHE, WERBIRENBN— 24 Eh, EHAPRABER, REAEZBHE, HiE
SXNEFNERARRT. FLL, EIS-IFREFT, APMERA— R (0 ‘A7), BEE
BA “EER", WinCharlfyNZA “A” (ASCIFG6S), inChar2fINAS “EI%H” (ASCIFGI0),

REVOZRMEERL L “RME, HEHRIENLEY, RAARRBABAN, RTEER,
TEAAARIRA . EARBOHRT, mRERASIRTH, FARUETE#KE (backspace)
BMERE (del) “BRR” iR, REEFRA, HAM BRIERADLER,

FIHE, SRS REACISR, %ETLAZRE 18- 250RMGITF, WEHRHE IR,

1 #include <stdio.h>
2 #include <unistd.h>

4 int main()

5

6  putchar(‘a’);
7

8 sleep(s);

10 putchar('b’);
11 putchar(‘\n');

H18-2 — /R HAHIT
e, HRFERT — A HiE Msleep, sleepfIfE R “HE" BFNIT, Sk A dslecpty
BRRE (BIHB). MRECMZRY, BEREQS L hunistdh, BFESFMER, 34
‘2" ALK, TRSHKASHE, SFHORMEH. SREY, REFH 0" £hsh
HEMK, HFHFFIEMBBHES . ROTULRELZHTRBET, MA—F
“putchar(\n’)y 7 &4y, REWERIEED.

REF O i, RSB St R S8R b R IIN/
FAOUT TRAPEFF, HHIZR mpHLHINIAR h I SSINFIOUTHR 45 72 R b R4k K BLAY
18.4 #=4l/O

putcharfigetchar A fE5E R B A9 FHIOMME, TikskB “{kASCIL" HRMIORIE, EC
AR, R SprintfRascantl S HE & FRERRINIO, LARE#RAIH X LIOBRTE,

18.4.1 printf

printf Y HRER AL XARHERNES . Bidprind Y, RAVTUSBRF NS
FBUE, BRAEASCIDC A, RATEMRH, Kbk, printf b ZUR &4 % Fi 2 T8 h ASCIIRLHY
Do Biltn, WTFREH, HITEERE R, printf LI EHEBHASCUFRFF], HHIBA
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EHA T R

int x;

printf ("The value is %d\n", x);

BB, REPntCHFEHE N BRESABHK. printfWP -1 BKR “BX$”
(format string), EMIRMRBFHE (HI%Kchar*), LEMARRERHNIE, UR “HRA
#£" (conversion specifications) ,

BRI, ERRIRY HRE ZELEEMORVERG R, BRIEURS
‘%7 HRIR, ‘%7 REMTHFREUHBROBERTY. Fim, RITSHIEMET 58 &R
“%d”, EFTH TR HASCUBFH S, B, HRHTE “%x” Rt His
HHOHASCITDF R, “%b” FORBHHARE MM, Wb, THEINTc, %s. BIEHEHM
T, %cREASCUFH (char), %sHEFHH (string), BIRHIZAK (float), MIER A,
MR ‘%" FRHIRFEHMTERIFE, BLERABBHFH %" A5R? BRE “%%". TE
FHFDF & FEE B RSB

ERENEF, BRI, #REPTTUREHETH, MRTH 0", $HFHHIR
£ N, EMTURERRSOEMLE. fit, “o” REBRTH (new line), v~ REHXF
(tab), F2, R " REMHFFNOTFLE, ROEEGHTE V FH8? BRLE V', 7
BERRDAHED- 10 FEHFH.

AT R A FH R RAER BT -
int a = 102;

int b = 65;

char ¢ = 'z’;

char banner([10] = "Hola!";

double pi = 3.14153

printf(*The variable ‘a‘ decimal : %d\n", a);

printf (*The variable ‘a‘ hex : ix\n", a

printf(*The variable ‘a’ binary : tb\n", a);

printf("'a’ plus ‘b’ as character : %c\n', a + b);

printf("Char %c.\t String $s\n Float ¥f\n", c, bannmer, pi);

printf A B A BN ERE . WRYMFHRR “%" R V', WHEFHARRMIE
HiEH (TSR, BHFHFERAH BTN, FRRERYIEEL) | MRYIEFRE 7, W
HT-NFRHEMBRER, 0 0" ZR8T, MRAMFHR %", WF—AEHEFEAL
HTE. G, mBRHEHHTEH “%d”, HHESHAbIHLEL “0000000001101000”, Mlixbitd b
HEHFHE 1047 MBHBRGER “%c”, Wik “bid” WHEAHFH ‘b , HBHEM
RE 7, WERIHAE BHEBEFLER), EE—-ROE, $RAEREFOMRES
H2Y, MSREEEMRALURAENLA. B0IER, BFRATULRERESR, =
HH: T REGRIE A R anfT?

printf(*The value of nothing is %d\n");

Hob, HARPAEAHBMA “%d”, Hprinf iR HRERMOEERY . RBUHTH,
printf AN EESMORBARTRE . BiLL, EAREMRFIRRSBAERARIE, AEHE
BEERMARHE. BHKE, ROFERERDHEFEBNIE, HRR, print AL %S — /T
EMIBAE, BT R AR — A T B 9+ eI

18.4.2 scanf

R ¥scanfiy fE R IEAMRILAIE APk RIASCILEHE . scanfiy I8 5 SprintfA(l, %—
TERMEERE (REMRTESBMHIINE), ZFROEBRSHA S b OEBITE—— 35,
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AEZEER, scanfh FEEBLARIE . X—A, RIVELI6EGRENT, K YscanfBhixse
BREBIE, FLALAHERFEGONFGLR (EIHE) &ikscanf,

scanfR fil SprintEHIFRRIH R # RESATE L, TEEHRDIIRI], Escanfrh, HHHLTE
REMATRNE (ASCIFS) EHBM BirteR, Flan, BT “%d”, ZRHERAKEHT
—ATRE EEFH (F. S BESR ‘EFHT) AROBRFRT, HRR— T
WM WX ADREBIEHTR, scanf NI FESIRR- B +HHEHST, RIEHEBREHRIE
AW, B Fscanfi R BRBROE, FLEBORTROME, BRERMTEZN, #
REFWALUGEFEFH, scant§ EIHT SMAKILE, 0FHREscanfiy T .

S monen, day, year:

double gpa;

printf ("Enter : lastname birthdate grade_point_average\n");
scanf ("¥s %d/%d/%d ¥Lf", name, &month, &day, &year, &gpa);

printf ("\n");

printf("Name : %s\n", name);

printf ("Birthda d/%¥d/%¥d\n", month, day, year);

printf ("GPA : ¥: gpal ;

Forft, scanflyF— MRS “%s” FOTRMBMARIRE - NEFR, FERATH, TR
CHRB—-NMEEFRET - EFHZAGFHR, ER2ZRE, scantBEFHERSE, BHE
INFRERERT 0", PRIEH L5 R4 TUE F A frfiname,

BIARRIR “%d”. SEREROBMARTEEE, AT EEF I —/ e r T
I, 5 “%s” RRER, B % WFEFS, REFBERME RS, RIOTEHEL
PSR, PR R AFFE 2 monthifr,

B, BEFH 7 EARBBHAE, FUSEESEAERENLR, EREEHEME
BB, UL, scanf KARPIZALTFHE, AREFR, ARMSERENLRE, KLxHE, £
B=. BRHEOLERICE, KRR IRFEE Rdayfyearsh, 18, BNZEABER
5.

Befa— D HRARMTER “%If, X Bk H scanRHIG A T Fr 00 B FE MR 30— A DU BETR A5
B, EMBRARRBE LR THEAMER, BTUREEMBRMAFEENYE (RUKRD24),
BFBRU—MERTFH (FRFEE—E MUSRENS) REFHER. scantfiRSFRAL
FFFIEEHHIE S, RIRRIFIE S Repark,

PAL&ERERZE, scanfif EAME, scanfiif BAR—ERS, %O HERTED
. WEERBIH, EEEHS,

Bin, ELATHWAR, BFGORITA.

Enter : lastname birthdate grade_point_average
Mudd 02/16/69 3.02

Name : Mudd
Birthday : 2/16/69

A : 3.02
RN, B FscanfZMZFH (white space), FML4HE R,

Enter : lastname birthdate grade_point_average
Mudd 02

/
16 / 69 3.02

Name : Mudd
Birthday : 2/16/69
PR : 3.02
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R, R AR Sscanfif RIS LE, SREWAR? fitn:

Enter : lastname birthdate grade_point_average
Mudd 02 16 69 3.02

Kb, WMARDRAFH 7, RATERFEERATCR, FRE, scanfiBE{H42
(AP RTH &2/~ 5%), FillnameHimonth ¥ EHBIA, day. yearfigpalllkik. B3 FHABRH
Sobiy, FLMARPEFH 70 17, ‘6" FHERBWEF. HLL, MR Hgetchar®
EBURARRIE, B EITRSE

a = getchar();
b = getchar(};

BRRE, a="", b="1",
18.43 AHRKSBH

Fb, RTHERBLEKprintffiscanf 5 M RBOA LT K~ , HENHERANBTHHE.
scanfAlprintf ISR, BMENHE B “BRE" JoE, RIOFSHEREY “TEEKENK
@3 (variable argument lists)

EXFEYR, AR PRS2 FR Y 2 T3 — Mg X R, MTFOR:

printf("Char %c.\t String $s\n Float ¥f\n", ¢, bannmer, pi);

Ko, BABFREAHEME, SHAE, FEGR=ASH. HEMTE “%c” HHEE
He, “%s” xfpZERbanner, “%f” MEERpi, FiLL, RATBIERLprindBHRIN, TESH
HAM A RI. MRATENR RSB, RfERLprind 2 KK B LRRA,

[EIBUE 147 A B ILC- 3B B A MTE, BMARMNIFR & % @ 4 . EprintfRlscanf&¥
WABBEMTRED, FUEREAK. SBRERTHARKE, #R6HRERT, BT
RTHEREARODH, RATLBERHRAS RO/ BNRE, fHmRERE RS RN LD
A, RSO ERIENER, EIS3FRRprinfITHAEME, B (2) ZoRAHRMER
EREEHR, B (b) MR ENEHEBHR. £/ (a) F, EREMANBRED, #
REFEMREBHE A0, TEE (b) o, RRBORBRUTE, E52ENREVRE,

B, BRAER-AFHAYE, SRIOBERDHOFHRER—, BITREFH—
AMRHHFAFEE (LRHRE), I THTHAEHR (constant) KA (literal value) FIZIRH],

princf(*sd %a ¥a\n", x, y, 2);

R6 RE =
Y
B EBAITER)
i Feaein
XFFFF
a) HARZEMARGR b) A ERAM ARG R

183 AKHR
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18.5 X #1/0

TEAC B A RBIRON LT, LIt 204ELARIBMA R AY A e rde. B2, @d T
THRAXEHELAALN (ILAPRAMA X227 BB, BIEF “FRFH" (user-
unfriendly)). dtht, RBEEXMHVOH R, BBRFHRAERA A, TLBERBHESAXE, W
HiFTE, CHYVORTMRFHT, BIEEMA IR, BRI SR E MR,

¥k b, BT AT GRprintfiiscanf @ %y, SUR YL@ AC VORBPRIGEGI, #BmIEE, &M
WA LA B fEsdinfilsdout,  FiECIEEd, XtEsdinfREAT LR AR %E, stdoufiFay
RBRBIRE,

W3 AR A Wyprintffiscanf & ¥ fprintfifscanf, EA1H Mk Sprintf/scanfAfifl, FREME,
fEprintfiiscanfeir, BRIARY I HE 5y B stdoutRistdin, Ti7EfprinttAfscantei, %P3 H-E hE
FREXGH. B, BOTUEEprint G HAESAENIHEF, TH, RIVBTEIH
/ORyRIEHHI .

Bk, EXMHIOZAE, BRMBEHA—A G, WTFHR, BIRRIFEH—4 4 binfile
HISC AR

FILE *infile;

o, HMFILERfEstdio.hsk b LM — M iBAT ., #H XFILER MG L, CBHA
HYARTERE, HTHFRF,

2R, BV SRR SR, KB IE R fopen B BB, T AR,
fopen RBAWN 8% — R4, “RHFRERBN,

FILE vinfile;

infile = fopen("ibm stock _prices", "r");

K, B—ABBARIHA “ibm_stock_prices”, AN BRI TR AT A HOIRIEH
R (mode), MAHMRE%, M 1" RERE (read-only) ;, “w” REE (write), MPELLXF
BRATIF, WXHRRAERESR, “a” REIHEHN (append), MXHRAETE, FliE
MEMPESCHEEER:  “o+” REFRAS,

i fopen MR R, WIE I — S0 HE464E, T, RPUEE—A 285, FiLL, BR
RIS, ok Mfopens, ARMIZKRER EERI X IHEH R T A2, W FEARHIR:

FILE vinfile;

infile = fopen("ibm_stock_prices", "r");

if (infile == NULL)
printf ("fopen unsuccessful\n");

B, E¥fopent K IhiE ], BOREXM-EHE5— MBI AR B, BTk
g, REVRATLUE S fscanfMfprintf BY%, BT, X 5RATBitscantRiprint @ Wik Sk i &
WyJ5tk—HE, A I8-4FTR, fscanfRfprintfiy3 — M SRABRFILE * K%, #R &M ERIERDR,

EE, BFRBARZ %% “ibm_stock_prices” RASCIX A, SHME—1 4%
“buy_hold_or_sell” bk, MM, RATATLUEM, XAribm_stock_pricestl & fyR—HiF A
iR, BEAMZAMSHEIN, REEHRIBCHTREAR, BILRFRESEA (scanf) 10000
BRI RSP FFABART, WfscanfLif Bl — M ok{E. LA, AR &R TR
EEE (AL S H&MEE L HEEOF), whilefi3RHI% IE & BFEOF (End-Of-File) 5
. REAFIYKE DB RRIE (10000), SXHNARLBIEASS (pricesIBH), BAFH
HEFMHZRLE (BT EMNELY), BERHLMER (answerd) SAXH,
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R fprintf 5 — /% hstdout, W) Sprintf5E &% 4, FFE, RfscanflyF— 1 2¥h
stdin, M| Sscanf524 %4,

1 #include <stdio.h>

2 #define LIMIT 10000

3
4 int main()

5

6

7 FILE *infile;

8 FILE *outfile;

9 double prices(LIMIT];

10 char answer(10);

11 dnt i=o0;

12

13 infile = fopen("ibm_stock_prices”, "r"):

14 outfile = fopen(*buy_hold or_sell", "w");

15

16 if (infile {= NULL && outfile != NULL) {

17 /* Read the input data */

18 while ((fscanf(infile, "%1f", &prices(il) != EOF) && i < LIMIT)
19 fees

20

21 printf(*3d prices read from the data file", i);
22

23 /+ Process the data... */

24 :

25

26

27

28 /% Write the output */

29 fprintf (outfile, "¥s", answer);

30

31 else {

32 printf("fopen unsuccessful!\n");

B 18-4 XHIORI—AH1F

18.6 /g

FEMEMRCHIOB NN, SHBIET—H, CAHHFTRMIOEN. MK, BITRH
RBER S A PR, WXLU0, BERHhRRINOUTHEA KRN,

FRAIKBAER:

s EA/ZBHE. LFRAMIRIES, BHVOMT THE, TRBRXHMBEME, &
A HEIX SRR R, &£PF (producer) HHIWE AKKIRH, MR (consumer)
TR KERBU R, AR RE ZE, #AMACHEN, ERHLSE, hA8Hh
BRAHELRGERE, Fitn, BFOREETERHEE, EREMNDEHFARSKES
FARHKEAT, MABEBREAZAN, BHRIBHRERTZEWN,

o EAEFYOEY . FEIEWFMITETCIEZ PN EXVORBAIMIEIE]: putchar,
getchar, printf, scanf, 3, FEAMTREKBHEY. LCIWBHIERAT, RBRES
WEBEAERGSBHE, BAEHRBARNFLBARZLR, WEB—TFAFrEE,

© XfF/O, FECIEES, HiAiH “VOW™ #MRTF “X#1/O” AR, @printfiiscantth 7 i
S, AR fEprintffiscanfe, BRINBIVOSCH-RARMESR HAFRBMA BETE. BAMIHE
VORMA . fprintfAifscanf, FEXFA &M F, E—NBRIRE TR, Z3XH
54t it fopeni® ¥ 5 — M E MR B (bind),
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18.7 3%

18.1

182
18.3
18.4
18.5

18.7

18.8

189

RMAVORM TR TES . B fE%5 Bk LM - kI/O&K .,

a ERHL, REITE—A 8%, — D FFEM—MNTREG

b. ZERH L, TEMR R “(XXX) -XXX-XXXX" fI8iESM, #5: BiFSnan
K5, RHBBE. WSE=Hy, =T BHERIOR

o B b, ITEDG R0 “XXX-XX-XXXX" #J%#£ID, S IDER—MKEADNF
T,

d PR “XXX-XX-XXXX” @5 R, WEBEFEALEID, SNIDFRDJFRE=ZA%
by

e NBEEA-ERONANER, Kb REMA, Fit, HHSFFR. FTRZAMESSR.
o, HAMBENERATHEER, FRAOEY,

Wi, R ¥scanfiil EIERFE 28 L2

R, bt LB AR TR 7

RE, A—NAREAZHERA RS IRBEAR, SREMA?

BITATRID, SATENRHAFENOER (4. 1073741824), MR IRE.

float x = 192.27163;
princt ("The value of x is %d\n", x);

BTG, WRiE, $AFHE “This is not the input you are looking for.” ZJ&, inputf]
fERA 42
scanf ("3d*, &input);
TR, EAEE
#include <stdio.h>
int watn()
snt x = 0;
incy < o)
char label[10];
scanf ("%d ¥d*, &x, &y);
scanf ("$s", label);

printf("d ¥d s\n", x, y, label);

a ARHH AR “46 29 BlueMoon”, BIFBTHRANM?

b. InRA A “46 BlueMoon”, BAFZE{TERMA?

c AREAL “111999 888", BFFE{THRANMT?

RASEF, IMBRFEA- CEFNRERBIH". Bk, BFEMBREIHIN2
#, HHERTHEHXHATEA SR (XHE4REHR “condensed_program”) ,
RABEF, EBRFU-DXEESBA, R T it

a X FFHRO S, B TR, LB EFE, SRLCOE— 3K,

b. AR B, TR “EXHI, LT BarRA-ZIFk, CMERIEFRERLER,
. Xt — BT A M. BTl “EXRIET, SEFEMMEL, Bl ‘-,
FORBHIRIE P HBLE (U B~k

d. GEit 3O ARSI BRAARE , HHR BB R, AR AR, B
W, BRSIZSOR I, BRI WA RIE, HERECHRNKE, BF,
Ak ok A B TH IR B AN, ek (AKREI/N) $TEN Hix 26 8 57 R L HBL ko
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19.1 ik

CIEFMBLLH, SULHSMERNEAR. BN, FIAEAKS. XE%E, CEYIH
EEATERMONGFEE, RASERAXROSEF, WMEERF “+" MRHIRF " %,
i ERMMEBE MBS NENES, LB T REFRBGLES, 54 (pointer) Fist
4 (array) S RAETMSIA, HEMBAXRT=FEFLT, G, HHTHOI=HES
RRPRMEM —FRBO TR RO, RIMLATLLRRA S hint, charfdouble,

REENESR, REESRRKERNENRF. Kb, XEOMREE LR, AR
TR, FER, REMUREERRCE e, FARITARSRERT, HLL,
B LA MR IS R A AR 2 M RBR A B, XK EMES . WEBIEEN
52—, REEREZEETHE, REAAXAROMRESD, HFhZEURIEN%, £o
REE D230 0 212

B “ERMRONE", RELRFRTESE “MHR™ RIF (T2 ELHRHLE M FE
REMEARIBAR), SREME RABOHLOZEN. FRERNEMOE, P& TR
ERMG—%, B EHET S FHEMBIEATMBTORERTY., £CES S, RIFREFHE
AHRN “HHE" (structure) . LrAGMKIITERR Y X RIGHIR, — M ERE (RAR) AL
BEFIE—NKIE. G, E-NELERAERFS, H—4 “AT" (employee) XRFETNH
“HEatkT, RS w4 (FRH). BE (FFE), B0 (TREENK). TS (B3 $HE.
FCL, fEIRTTXPERVBIRE RGN, RA1ELATEhEACK M.

ARMEMECETWHRBIRMEN . EEBRIMHNE, ECEF+ TR ER, L
Reanfiti@e ki, RE, RCHMHENFIER. RABDENFYREEIRERZARHEE
BRBFR, BREFEMBEREN D, FYRAXEE, BE—TAFL “#K” (linked list), &
R —FEN SR E RORBAL TR, HEHMBEARMLL, BEFE -ARE. TRZL
EFEROALEATR ., RIVEHMBRERNIUHESRIE. B, MR,

19.2 gtk

HFUSEYHK, BGOERHERENEFABORE, HIXEHR, CIEFRE &
otk BIRES:. BiE KT ik, BF RTLARM E CHRBIEAR, AL AR
T, B SRR AR FLLRint, chardouble, HFWLLRXEHFATMRERMA . 419
HREBMERHR, SEARYFROFHAME., ARECMGHEEREEN AN, %%
HEOAREHRRERAGELY. GL%, BLAFLEL.

T, BRAOLCHMBORR DG (FCTRNERNZEEERFIRE). Bk, RNE
WE SN ABRFRXE—LHURYE, . BEES, AXRSCASY, EXaRFRTHED
FFIFR, B, COARE. 25K, NEREGREE, ENTURTAEYE, B, ¢

SRR <3 ) - . 8
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TR, TURTAHEAY. TR, —MIFRTLFRE AU TERORES

char flightNum(7); /* Max 6 characters */

int altitude; + in meters ./
int longitude; /* in tenths of degrees  *+/
int latitude; /* in tenths of degrees  */
int heading; /* in tenths of degrees  */
double airSpeed;  /+ in kilometers/hour */

R EERBER £ AHE L, WAL BT N —6 EEARE GE L%
RAMT), BXHARDEERERTK. MRRACE SR EMstructiglk, WALIRHTAX
ERERER—NHE, WTFHR:

struct flightType {
char flightNum[7]; /* Max 6 characters /
int altitude; /* in meters /
int longitude; 7+ in tenths of degrees  */
int latitude; /+ in tenths of degrees  */
int heading; 7+ in tenths of degrees  */
double airSpeed;  /* in kilometers/hour ./

I L, BNELT —FFOEREY, EREOAN AR (member), MR, IR
FRACHHENE, AREFRFBAIM—HFORERY, EHRDALAHE “fightType”, LI
RERR RE K.

HEANFRYER A EROFGE, WTHR:

struct flightType plane;

HEME T~/ % hkplane, FX L, ZERFFOE TN, Rt 2o, Sk
MEMERTESEEERGAH LK.

e RATR AT R, 0T @ ARBHR .

struct flightType plane;

plane.airSpeed = 800.00;
plane.altitude = 10000;

Ko, HEARAMHHRE (ERS), HIATAL B R
“BRAET, REREREF C, RER CRAL.
fnftplane & BHER, WEMNYEREFARE K~ y
i, BR—BRBAMESTNE (LFRTHANRA) . plane. £1ightNun [0}
WMELEHF o, BFEIEFRYEA A NERT, plane. £lightNum[1]
BLAZE kplane  FARY 25 ] oA /IR 12/ AF BT plane. £1ightNum (2]
GMEEROEASRALAT LR 2L, &8 plane. f1ightNum(3)
BERHTANRESEFXUARE: BH%EsREK plane. £lightNum[4]
s, 2RERIRELREAEEES, BI19- 1572 plane. flightNum(s)
S0 P AR BT R R AR B PR L« plane. £1ightNum (6]
int x; plane.altitude
struct airplaneType plane;
int y, plane.longitude
LAtk P IE i R A T TR plane.latitude
struct tag {
typel memberl;
type2 memberz;
EypeN membern
} identifiers;

o, “ag” REME “HME", ERAR-MRE, EI91 SHEERERSAN S BHY
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ALAEHIREG SRR EE T — A “PH” X454 %R " (handle) ; B RASI%E (member), W
EXTHEHREOAASR., NiEE L, #E-AFH, BORANEYEEERY, KETLL
RB—A “HEHIT XM, BJR, £ 4R (identifier), EATRFEM, REMEAILL WAL
HUR—AREANER. EE, FLTE RIAT OCERKE ) R0 0 ZAM,

19.2.1 typedef

MR “E AT R R T —FE R ORI EA UM, T4, (ypedeflIHHE T
—Fh EA BT TR ARIHLE, typedeliB RIS AN TR

cypedet type names

HEARTER, hEAHIERBypetl T—1 51 fname, Kb, typeBERILLE— 1 B4 8
BAN, BT MER R OSOKERT (. S0, 0.

typedet int color;

Jesh, ColorfR (LRinth)— A B4, BeaiEi, REs iR Color, #EATLAKHA bint,
B2, R, RATBEATUAGE Colork i AR T, Bldn, BT RER SR (B .

Color pixels(500];

[EH¢, typedefi 7 T8 (1 A RO BB AR, fildn, el 14 2 ATE L& Hafk flightType

fir % HFlight;
struct flightType {
char flightNum(7]; /* Max 6 characters +/
int altitude; /+ in meters ./
int longitude; /+ in tenths of degrees  */
int latitude; /* in tenths of degrees  */
int heading; /* in tenths of degrees  *+/
double airspeed;  /+ in kilometers/hour /

typedef struct flightType Flight;

fEiE#% b, Flightfistruct flightTypese £ %4, Bign, RATA LA AFlightf BIL Mtk 2 it
plane:

Flight plane;

BERFEYIER, 5ZATRY “struct flightType plane” FBiEW5EL %M.

Bribz5b, typedefHHiGHEZMIEM. C3IAtypedeffty ARy, MR ERBERTiEM:, LHL
FERFRAEXBBERLOHRT ., ARBRWE— T LF, EHEBEXTNE LEM
WiHh (X 5428 B AR AR .

19.2.2 Gtk ECHMER

HE, BRIONMBTERENERERYEER, ROWOXEARRRFROVRZE
ik, LARGBiTtypedefsk & L BIBRT, RIHSASEN BmTRIELHENRRA, B, T
ARG R 324 B 5 Flight 938 R altitude s, 57 #9 T a1 1E

Flight plane;

int y;

plane.altitude = 0;

Feh, plane&—/ Flight( R &, HFi EXLR, plane@E6NRA. M

R RaltitudeR il 05 ik, EERAFIRIER ., RIERRAL. REBFLMEZEHENG
fiR. FiLL, i@it—Ere, MTRATROKNSRA. wE19-150R, REREFSHF, 2
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T RRMA A (RS) MEBR. fiMRZERELHERY, HFERPEHTTENR
RS W{*&i#’&‘]{ﬁf} (ﬁltn. “plane.altitude = 0; " i&f), HIFBEPHENHEL, RPFE2
AERHIE2AN B

AT BRRLC-351% % % i%iE® (plane.altitude =0, ) A RAICH

AND R1, RI, #0 ; zero out Rl

ADD RO, RS, #-12 ; RO contains base address of plane
STR R1, RO, #7 ; plane.altitude =

19.3 SitkiE

RERNES —BARE, FMFEMT LEREHFE RN, R5H, RIEMTL
HfkFlight, FEIER—HE, ST LEFSHI005CH. A, BATTLAR—5H .

Flight planes(100];

HAMSME MY (4 ine d[100), ) SERAEML, SR, JEESWIIEI001 B, Titibis
BIMR 100 ki (G EA9 X BECIHA), Bln, plane[121fCRAIZ, MTFH 100444
AR I3t . B AR BT A/ DR BRI RO R A,

FEEBAT, BABATEORLMEFlight, FTLUEBEREARA S RKE, G, =
BRI EE, W Hplanes(OJBN AT, FitnRE AR A, TN EERK A&,
Bid, ViFEF—ACHOIAA R, W hplanes(0).headingBI T, 41 F iR LA CHLEI T
ARG

ine i

double sum -

double averagehirSpeed;

for (i = 0; i < 100; is+)
sun = sum + plane(i].airSpeed;

averageAirSpeed = sum / 100;

BeSh, BAVE AT LA AR MR RIS AT HURE AR EE, R AMR —/4 %% b Flight
HILEHI TR 2 RPTTE M ok <

Flight *planePtr;

St RIARE, SH T RAR,

planePtr = &plane(34];

AR RAVE V2454 % RS MR EROE R, T RAMTRRHR:

(*planePer) . longitude

Ho, T —A B dkplanePufty “HSIH” (dereference) Hff, EAHA BRI S lightey
G, MR EMIEEES I, MUFERTRR — A SR Flightty & . IR AR, Bt
B KB, RNEREREH, BRItk &A% 3 ARE, BhFigEs
TrEHAE AR, BRAVEITARBER LT A ERH. T, LRNRERSN A TEER:

planePtr->longitude

b, AR " SHTFALIURE . FRZLET, “* TUURFEMEURRE,
i > BTk R RE I,

T, ROVEZAH R R KRR REK ., ERMIOKIRGITR, @iH100% €H
HIREDN, RWENZEAFERMRERNTES, Sk, RIOBMER NHE. 2. 4
BERARFEROY T, ARSI A R AT TRE . A0 19-2575%, 7 $PotentialCollisionseh , i
it 8 A Collide JMF K HLALIN 2 MR BHFEXX (RHPHRLREFZEY, RIS EHELES,
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WARE, WS HERWRE, FIPYALE 2 R EFEZ XAREG).,

3 —4RAIZ, PotentialCollisionsf¥ i £ Collide PN SRR MM EEH (TiARLHK). &
AREEGBEHELR TR, EFRRNERER, Bh, EERIEHOHRT, ABEER
WA REHEAAR S (T4 B A PIAFlight# b th BI24 N WAE 7T

1 #include <stdio.h>
#define TOTAL_FLIGHTS 100

2
3

4 /% Structure definition +/
5 struct flightType {
6
7
8

char flightNum(7]; /* Max 6 characters .

int altitude; /+ in meters +/

int longitude; /* in tenths of degrees  */
9 int latitude; 7+ in tenths of degrees  +/
10 int heading: /+ in tenths of degrees  +/
11 double airSpeed;  /* in kilometers/hour ./
1z}

14 typedef struct flightType Flight;

16 int Collide(Flight *planea, Flight *planes); void
17 PotentialCollisions(Flight planes(]);

8
19 int Collide(Flight *planeA, Flight *planeB)
o |

21 if (p == planeB->altitude) {
2 /++ More logic to detect collision goes here *+/

25 else
26 return 0;
27 )

8
29 void PotentialCollisions(Flight planes(])

31 ine i
32 int i

38 for (i = 0; i < TOTAL_FLIGHTS; is+) {
35 for (3 = 0; j < TOTAL_FLIGHTS; j++) {

36 if (Collide(&planes(i], &planes(j]))

37 printf("Flights %s and ¥s are on collision course!\n",
38 planes [i].flightNun, planes(j].£lightNum) ;

E19-2 % FFlight&&#tk i —A 617

19.4 FHENESE

FECEAT, WHEMR (MER) EXGFFHPRARAZATHE: % 2RREXEA
(heap), RMERIBINY RAF R, 2RERNRIMRLBDYIEK, KXW bBFHE
Bkl BRI R (RAFEITH QIR 12 Bz [N &,

ERI—AOIFF, BAFHT R E 1007 FlightZ k8l . B, WRBAIERE
FFRESLERE LB B EHL, B2, 320 0004, REZEHhIXERIRES AR BR, Ri1%
AEBARE K Z sy BAA, AN~ FER&20 000/ FlightZ kel , BRER, A%
BT, CHBEE/NTF20 000, FLAFERAFEAMRE, 5 TRMIE, CHMKE maais
20 0004, MIREFFiAift. HeAFAOALER T RIIZR , MIRLHT CHLBA, Bhisy ReArhkBRAYZS A,
i, SIAT “BENESER" RS,

BB “BENGESER, RRWT: ERGEH, B WHR “NESESE" (alocator) HE
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Fe, REA— /MR R (heap) MIATEZII, WEI9-3FUR (REI2ZTHEN), i

R, #EB (4 ") ZAMER, ERT

R, BAEATLAKA GRS, hilf—BA/NE

wistnt, TR, HRBIHEREMFT A,

EBAAR A (R EER IS, fi, R

FTRTEA T 5 B2 38 H 5 — EEREA7 10004 Flight £ Kk A | AR L

WAl R AR RS, W RS i [

ISR, YERE, ZEE19-3ch, MR “kt

SRR, AR T SRR, TR

FANUER T 5y B8 BB R BH
WES— T, 7EH BRI ATEZ AR

W, HFIRFEDBEK. “NFEEKE" (deallocator)

1%, BRI RN, A% “JTE"

B, TR,

HEKNIBE

FECHER S, BHENFI BB ChRfEERTE.
i, WiEHRBGHEKRmalloc, BRMTRE, £
mallocityf# i 772k : E19-3  “H” ELC-3FFAEi b |

iE A A A i

int airbornePlanes;
Flight *planes;

printf ("How many planes are in the air?");
scanf ("4d”, &airbornePlanes);

planes = malloc(24 * airbornePlanes);

Horh, mallocfES R, fEMErh 2y B —BUESEATEZS, %22 K/ Mimallocf) S RFTHEE .
sy RS, Mimallocil Bl — /g1 %A iR A4 .

T, syEiK/hA “24*airbornePlanes” /4>, airbornePlanesft# KHLEH, H224fk#E A
47 BER, BREFlightEAtkik/h, MR ARA/MER (IFHEA (14), 408K
(8). INSURBETF % (2)). B, fELC3th, HHTTRANA2DFN, FiLALS A/ Y
“% (T+4+1) = 247 AFEH, B, BERLAUNOIHRES N EBERIAD, X TEERIE T R
MTistE, A, CiEXEIA THIERsizeof, sizeof @ik AIRBELER (—AMAFXRRIH)
B 2 AN (BALAFAT) . fildn, sizeof (Fligh) B I, R4k Flightfyk/h (H124),
A Tsizeof, B ATUARLU BB ROIA/N: FK L, HHTIERHRIFRTR.

gnfmalloc i MFERT, HERIBTH 22 MAREL#5r &2, Wimalloci& EINULL, #SNULLE—4
Fidbrmz:, RfEzthet, EHAKERZ VBT ARGARL. Hit, #fEmallockREIH, A
FE AR TR

mallochyi& [ {f & — M EEH S, (HIZREAARLRAT 2082 Biltn, EATIEAIGIFH, Bl1H
mallocik I &t & HORFlight 6 A HE et AnRIAhint BB il 2208, Wimallockyik [ {7
GHR R InGRE . b T IR FRRMNTES R, malloc R K 193E [ R il AR 28 (BD
void *), iR B 7 { R S “FRAIGERISES (type cast), #WiFiE, Tt AL TIEAM
malloc, FfIEPFEELFRER, FEEEHESAATHLER (i AEBRINvoid *),

g0, ERT—AEF o, BRA1BEmallockiR FEEH ik 5 —Fh2e R, Hoeh, RATDIRE
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planesfaE 924 R R Flight *, WIFHAIKER L 2B HlHFmallocik EI#void *R Rk T Flight *%
B, 48k, XEBOERT —EMBHEESTORE, FLL, KEHRFSRARKH-MEERE
£, EFRN “BFEER—FAIMEHHEARS 5 —FERNREER". RURRERRESR
EH—FRBER LS - FHRBOERRLE, M- REMRHRIER N TR (F
H R R B E B hnew Type KR )«

var = (newrype) expression;

ARRTEBAMY, TEHHFEDS.11,

THRTREHS, sizeofl I RBRRENLERZE, RINEFHHTHRDEF BT

int airbornePlanes;
Flight *planes;

printf ("How many planes are in the air?");
scanf ("$d", &airbornePlanes) ;

/* A more correctly written call malloc */
planes = (Flight *) malloc(sizeof (Flight) * airborneplanes);

it (planes -- NULL) {
printf ("Error in allocating the planes array\n");

glane[ol altitude = ...

o, dFmallocHisy RAZAEEL FRESER, BLlfet RS R EAm. B
0, FEd EARESE, WATETLAE Mplanes(291MIRiE X, VilIFE30 &Mk (444, ARE
airbornePlanes AR T30), XRACEZFHI~ N EERHHE, MFHMBATURE LR, QEDXFH
RifitE, CESRARZRDNRRIES . HEMCTIRANIES (Cr), IPakR T/ Mtk

malloc AR X EHEANFIREH L —. HibE%, fncalloc, FLHIRAFZR, FIHEH
RN AR A0, BN, reallocREM % IRE HI KRG/ NC A RNFESRM KA, MBEFE
RXENFEY AR, BFFSARE KM “sdlibh”, (RAEE E Mreallock B EB MR K /hifi
HER/NBA? Flin, B/ E¥AddPlane(), %4 EFplanesBr Izl A /N, 18 i% ek %Y
fuplanesfyZEEl, K2, ik DeletePlane()4W 24 FiplanesfZE ] ,

5N REE A RAFRAERY, ZREOEHLree, SHRIFH, 1 Bmalloc
(Hcalloc, realloc) HEMINFSR, —MAFKR—BHRE, THAEIER, hit2—EBER
BB BRRE, BFEAM, BH -SEREHEINEMK, SR, X THREBMHE, RN
BERCINMAFZRILREER, USRI RERM.

195 #%

R T S MBHENFIRMEZE, ROEMBIENPREEN (BRELFERD)
—ABAREEH— & A (linked list), BRMBAMEL, 5 TEMIBLIT D TERTIKIE,
ARZEE, ERAT, — A TRGRE-DERT ALK, ERFZEAFORESRN, HHE
wEd, ATERLA] T4, BENZARBERERFERLEESN.

RAFRRFHBENTHAD “F.87 (node), HAYAR—A “HfL” (unit) ¥iE, fnk—
W, BFROFTA B ROESRE A JIE B, ERE, YA 2B IM
&, BANRA, QE—MRR TR, ROIER, SE—- RGN, RORTLL
AR, WA BT BT AL, AEEFRA R, mAEOEXEN R, NER
FCLHH . ERMER Y ARLHIE T, KRN THEBRRITE T AR . O TR
A RN E—TREGER . Kb, HASHEESDTRANRighS 6, E8, R0
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MHEMT A%, MESHERRMT —MRRR, —/MEERRRA R .

typedef struct flightType Flight;
struct flightType {
char flightNum[7); /+ Max 6 characters */

int altitude; /* in meters )
int longitude; /* in tenths of degrees  */
int latitude; /* in tenths of degrees  +/
int heading; /* in tenths of degrees  */
double airSpeed;  /* in kilometers/hour */

Flight *next;

ERARN, HELRALAR. HEMK (head) Hil, H—A “%k44" (head pointer)
KAREE, M#RMRE (tail) A2, HIEEHUHANULL, E19-450m 2 RGN &,
—AREROB/IORE, BRI A AN, REUFRAF L B NR R
Py FRE, UV RERIENTE P RRREE .

RN MRET
* 3
NULL
BRIENETAE SR

ket

H19-4 SERMFRET Y ik

RUEBERFBAEIER SO, BEMNZAFEAR LMES . BAMIRBFRE BT
(random), fi4n, WATATLAKDABAMPINTHE, RERBOUD, WELREST, HHZT,
BROBRGFMLHN k" Frdh. B, BUHRE29NT R, WLIEMBONTA LR
Frae, BERFINTAL, BN BIGERARON T, (R, RERAAEMFRZEMRE, o
fERER A, BB YT  E R AN, MERA D, FERMRMER— A TE, BEEES
HRIE (REBIRBIRME TR FRAPEM), B, E193TOMIERBFS, 4 CHLHR
J&, BAFATUMBRZ CHLIE R, FIXEARYE? MRRIEMESAp, RIOTTURSHEEOERL
M (ENBEAIR R, ZRMSE CHRIE RN B (SBREEH) ARG E.

]
BRRMNER A “WEXRDEFHERE” Kk, ERHNH, FFAERERN, ¥
A AL BT R —— BT R, BBTEARI, 7R, MEBRIZEART., soh,
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XEREPLEF RS IRFFR, USEREAR OhTER) REENFEREL. ERRE
, RANAEIEE LT I TR L

int vehicleID; /+ Unique identifier for a car */
char make(20);  /* Manufacturer */

char model(20];  /* Model name ./
int year; /* Year of manufacture ./
int mileage; /+ in miles /
double cost; 7+ in dollars ./
Car *next; /+ Points to a car_node */

HERN, RNBERSECHNED (KRMMSHIEZRFAMEFOAA, Tirk
).

MEBBFM S, KW LOREREEBAHFEM, WRIER, WRRA HE" XFHH
LAY, XERERIZARE S, hiE, BERD, FOWARERSHH—HNE, Hik, RN
TN T X MR AHE, 0E Mtypedef#f 3 dr £ CarNode ;

typedef struct carType Car;

seruct carType {

int vehicleID; /+* Unique identifier for a car */
char make[20); /¢ Manufacturer ./
char modell20];  /+ Model name ./
int year; /* Year of manufacture /
int mileage; /* in miles +/
double cost: /* in dollars i
Car next; /+ Points to a car_node */

Hrb, fktnexdii — A ERBMEEHR, WERFS, EREERHT AT R
FH s HnextfB % FNULL, WISk i mObRERMEZ R,

T int main()
2

3 int op = 0; /* Current operation to be performed. */
4 Car carBase; /* carBase an empty head node */
5

6  carBase.next = NULL; /* Initialize the list to empty */
7

& printf(*

5 printf(*

10 printf ("

1

12 while (op 1= 4) {

13 printf ("Enter an operation:\n");

14 printf(*1 - Car aquired. Add a new entry for it.\n");
15 printf('2 - Car sold. Remove its entry.\n");

16 printf("3 - Query. Look up a car’s information.\n");

17 printf (4 - Quit.\n");

18 scan ("%d", &op) ;

19

20 if (op == 1)

21 AddEntry (scarBase) ;

22 else if (op == 2)

23 DeleteEntry (&carBase) ;

24 else if (op ==

25 Search (&carBase) ;

26 else if (op == 4)

27 printf (*Goodbye. \n\n") ;

28 else

29 printf (*Invalid option. Try again.\n\n*);

00 )

a1 )

F19-5 “FEHIRAERFFMmain R
FERE T MR AR E LR AAFARHRLE, ROFERFITHRAIZI, E19-557
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T E AR FFmainih ) RIS .
FEEI19-SR T, RATEHT —4 “RE” (menu) RUMBEWAEFREN, ERFD, =

BRI IA S EE RearBasertt, YRR CarNode, RATFRZA “%” (dummy) £H7
H. %, carBasefi S MRS EMBIRRE L, BIEMARN THEME, RIS ROFL
R TRERMEM, BMREE, BATHESEERNTHOMIL. WHKAET, carBase.nextit
BHNULL, foERIERE (M%) T RO EMEE. BREEMLE, EHARRNFN
(AddEntry), MiB% (DeleteEntry), ZF#k (Search) % ¥, £i8HIZ AR RcarBaseffyitbht .
RABEHEA, HHAddEntry, DeleteEntryfiSearchBE i — M1k, BARMBER, AHEE
G, Bidn, ERINY AR, ROLAMBHEN AR, HTRERAFHIIN (&%
KID), BILAFTT ARG E R RIEFTATDIA FiZ Y7 AIDRY Y SR M 2. AERILME,
RAVME T ScanListik B, HABMIES RMEER L “headPointer” (B%1) Fili& Y, &
H#ID5 “vehiclelD” (£%2) ILAHIYIA, ARIHBIDICE AL, NScanListek Brik B 1%1 /X
ZHI—A SRR MR AFEEIDICERT A, WEEREERGE— A AT “searchID” i RRIHE
o WAMER—T, At RIgMAT—AH AR BRE, RAXHE, MEORMSMRRESE
Fi{E, BRE19-65TRRE,

1 Car *ScanList(Car *headPointer, int searchID)
2

3 Car +previous;
4 Car scurrent;

s

6 /+ Point to start of list */

7 previous = headPointer;

8  current - headPointer->next;

s

10 /* Traverse list -- scan until we find a node with a  */
11 /* vehicleID greater than or equal to searchID ./
12 while ((current != NULL) &

13 (current->vehicleID < searchID)) {

14 previous = current;

15 current = current->next;

16

17

18 /+ The variable previous points to node prior to the  +/
19 /* node being searched for. Either curremt->vehicleID +/
20 /* equals searchID or the node does not exist. /
21 return previous;

19-6 FEIRIDIC ALY ALHY B

T, RAJFHHT Y AR MEHAdEnry, ZRMMES R, ERAFRANFERS,
FERER AR A A XL B H A, WA I19-TREFUR, EAEntry@$h, HEAM
mallocR$, TEHEIX BsyBi—/CarNodek/hZASH] (Aussy Bk, BASITENHSEEE, HFiR
Fexit B KB FNIT) . AT, RTHPMAFTEREE, HHX L BIEMTECarNode s A%
R, BiJE, RFMBIE, @i ScanList B MERPN AMOBAME (MREHACRHETHR
o, WATENHEEER, 8T free d OB BOBT 15 A HOZZIA)

E19-8F R M A HA RO IFMTEE. —BifidScanList BB 4EMHEA A
(p ). Wilfpi IERF A (newNode) ; [FRY, KT A iInextdg i T
—/Hi5% (nextNode), BIH BN M#RAZER, TAHAMER. Wi, BiFprevNodetgimiy
RAEHKAT AL, BILASUTEH kY A Mnextig 45 (newNode) HIWT,
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1 void AddEntry(Car *headPointer)
21

3 Car *newNode; /+ Points to the new car info */
4 Car *nextNode /* Points to car to follow new one */
5 Car *prevNode /* Points to car before this one  */
6

7 /* Dynamically allocate memory for this new entry ./
8  newNode = (Car *) malloc(sizeof (Car));

s

10 if (newNode == NULL) {

1 printf ("Error: could not allocate a new node\n");

12 exit(1);

13

14

15 prince(vEnter the following info about the car.\n");

16  printf("Separate each field by white space:

17 print (*vehicle_id make model year mileage cost\n®);

18

19 scanf(id ¥s ¥s ¥d ¥d ¥lf",

20 g d ¥
21 year, leage, )
22

23 prevNode = ScanList (headPointer, newNode->vehicleID);

24 nextNode = prevNode->next;

25

26 if ((nextNode == NULL) ||

27 icleID != ) {

28 prevNode->next = newNode;

29 newNode->next = nextNode;

30 printf ("Entry added.\n\n");

31

32 else {

33 printf("That car already exists in the database!\n");
34 printf ("Entry not added.\n\n");

35 free (newNode) ;

36

37}

197 BB A BRI (Hi105) W%
ERRAPBAF A

previode

nextNode

FEBRAPHAF N

nextNode

FE19-8  fEREZ RN AL ML R B A B
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MipxsELY At R, SAddEnuy E¥ARLL Bk, ASMAZEMBRYSHERID, A5,
ifiit ScanLisUE f i SO E . AR ZILIDY A, WIMBRIZT A, E19-9F0RRMERRIERI A,
EREEAR, —BH SRR, Bt M ree RECH 2 B RAHEX B, B19-1050m 2 MER

ARREE.

void DeleteEntry(Car *headPointer)

1
2

3 int vehiclelD;

4 Car *delNode; /* Points to node to delete .
5 Car *prevNode; /* Points to node prior to delNode */
6

7  printf("Enter the vehicle ID of the car to delete:\n');

8 scanf("¥d", svehicleID);

9

10  prevNode = ScanList (headPointer, vehicleID);

11 delNode = prevNode->next;

12

13 /* Either the car does not exist or &

14 /* delNode points to the car to be deleted.
if (delNode != NULL & delNode->vehicleID == vehicleID) (

15
16 prevNode->next = delNode->next ;

17 printf ("Vehicle with ID ¥d deleted.\n\n", vehicleID);
18 free (delNode) ;

)

20 else

21 printf ("The vehicle was not found in the database\n");
22

FE19-9 BB £y e B

prevNode

delNode

B19-10 MEER A MER— 11, MR LAOR T A R BE

fEd, RAVERERMBARTIN. MR %ML, fFakd, —BRIYAUE,
RIS ER Y AR AR (R T BB BN . TERAHRT, MEREATHE, Bokk LM
HZEMFATELBNBE %, UEFRAGNFERES S, MREAKEEN K, IR
BN HRIAR, SRE, NRMAMRRERE, BRIRARTHRAS K.

BJa, A9 E IR FERIF PR M Search, EFIAddEntry, DelEntrydE#AIfl, RREFBRE
kiR, WE19-11F0R, KR MRt ScanListeh 3, E A R4,

1 void Search(CarNode *headPointer)
2

3 int vehiclelD;

4 CarNode *searchNode;  /* Points to node to delete to follow *+/
5  CarNode *prevNode; /* Points to car before one to delete */
6

7 printf("Enter the vehicle ID number of the car to search for:\n");
8  scanf("%d", &vehicleID);

s

10 prevNode = ScanList (headPointer, vehicleID);

11 searchNode = prevNode->next;

E19-11 e ify %
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11 searchNode = prevNode->next;
12
13 /* Either the car does not exist in the list or */
14 /* searchNode points to the car we are looking for. ./
15 if t= NULL && cleID == {
16 printf ("vehicle ID : ¥d\n", searchNode->vehicleID);
17 printf ("make : ¥s\n", searchNode->make);
18 printf ("model : ¥s\n", searchNode->model);
19 printf ("year : %d\n", searchNode->year);
20 printf ("mileage : %d\n", searchNode->mileage) ;
21
22 /* The following printf has a field width specification on */
23 /* ¥f specification. The 10.2 indicates that the floating */
24 /* point number should be printed in a 10 character field */
25 /* with two units after the decimal displayed. ./
26 printf("cost : $%10.2f\n\n", searchNode->cost);
27
28 else {
29 printf("The vehicle ID %d was not found in the database.\n\n",
30 venicleIp) ;
a1 )
32}
m19-11 Eifgd% (8)
19.6 /hg

ARABEFLAGEEHUT N EERS

« CHAath. AWBREEM AL, MENE “Gtk™ (srucwre) MEES . EAHBIF R CIHRE
BB ARARGE T —FhhLHI. ECIEE D, BAF L@ 4507, ATLLH 2R THRA
ARAERE, EET KRBT TR ROREEE, AR T BSE KR
AR L, WA SN BT i JLRR 2 A 265,

« HENFEIE., DENFLROES, EHRCHARY—NER, ERFRTIRS, RA1
TEHMATEIRILS], LA ERIR KM KM R. bk, CRET i
malloc, calloc, reallocHfree s phy 7743 Ko F el Y R % .

© @R, BEORRDHEATEIRIFOESES, ROSIATHRLAZHBREEN -1
BARA G — % (linked list), ESHAMMLLZLR, FHEAF “HII" (list) AR
T, BREWZULZAEE, REAEMEME. BEANTUERTERY, B4
HRAB D, SR ERARYFAREN (E—EH0LT, BAFESERRONE).
HROXME, BRI 2GS HESHE. DEEESRNBIBLEH, mAHE (hash
table), i (tree) M (graph) &, RIEHBFHBERNITL.

197 38
19.1 iRf], LAFRFREFIEDug? WM.

struct node {

int count;

struct node *next;
int main()

int data = 0;
struct node *getdata;

getdata->count = dat:
printf(*4d", getdata-scount);
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# 18 % 4
192 TR —NCRIFRHNRIG:
struct node [
int count;

19.5

struct node *next;

main()

int data =
struct node +getdata;

getdata - getdata-snext;

)

S HGFR IR “gerdata = getdata->next, " EMHTAERAILC-3T GRICEY.
401925771, fEPotentialCollisions & $eh, 71— BRELAHAT D, HINT 5 €L S H /AT
A CHLZ R B AR FTAE . AN BB RS 8 3, B AT K AR AR PhAT Y
I anfel g3

WRE-NHREILRLG S, F-FEARETY (85, T8, B 2% BREA—
AWTERTT. BREIELLT RZEE,

" har “nametist

int  atomic_number;
float atomic_mass;

is_it_noble(struct element t(], int i)

i€ ((t(i].atomic_number==2) ||
(t[1] .atomic_number==10) ||
(t[1] .atomic_number==18) ||
(¢ [1] .atomic_numbe )1l
(t[1] .atomic_number==54)
(£[1] .atomic_number==86))

return 0;
int main()
{

int x, y;
struct element periodic_table(110];

x = is_it_noble(periodic_table, y);

}

a. @ ¥is_it_nobleRiEhiaT, Bk ML DMIERIT?

b. fEmain @M, dfx, y. periodic_table & XA B LR, WidmaintyiERy iR+,
HE R T X LB RA?

s, i FCRIDH SR HLC-INLBIES . LC-3BITM AR AL RXEFFF, BFEHR,
FAFPBA “abac” KEI%, i8S

#include <stdio.h>
#define MAX

struct char_rec {
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F9¥

char ch;
struct char_rec *bac)

int main()

struct char_rec *ptr, pat [MAX+2];
int § =1, 1

print (*Patten
pat (1] .back
ptr = pat:

"
pat;

while ((pat[i].ch = getchar()) t= ‘\n*) {
pEri++il .back = ++ptr;

if (i > MAX) break,

while (3 <= i)
Printf("4d ", pat(j++].back - pat):
/+ Note the pointer arithmstic bere: subtraction
of pointers to stru
twe

ves the number of
en adare o “not the mumber
mory locations +/

a PITERE, mainR B RAMART LY
b. anSRHA Y “abac”, FEAFRISR L RAMT?




MIsRA LC-3f5I£45H

A1 R

LC-3#9#54 %454 (Instruction Set Architecture, ISA) & LANTF :

« PfEHbHEZE ] (Memory Address Space): 16fi#bhl, %0000
ME2ANAFERTT, BETRLE—AF (word), XOOFF BARR®
FRERLI6ML, #AHIHEMO0 (x0000) F65535 x0100
(xFFFF), #ohbg RLLRBIEAN MR ITMAERS  xo1FF
(memory-mapped) WII/OR&F 8. WIFHMIERs X020
XBAESH AL, WEA- 1R, BRI

* fi#%% (Bit Numbering): Eft¥ (quantity) &/

MR HHEW. W, ALERE, BAEBMUNRS xrrF
0 (HIbit0), BciMIGER1S (Hbit 15), X3000

* 484 (Instruction) : HAMEAMKERI6N, K,

bit[15: 121 & #21EFS (operation, BIEHITAIHRI:E) .

bit[1 O[B4 ATH I BEME B, ARHhELS

BA3Y.

kM IER R (Illegal Opcode Exception): #{ERD

bit[15:12]=110 R H BE L, BME—ELM  xFOFF

bit[15:12)I AR 1101, W= “JEsfEmey", XFE0

AATHRREE M. —

« BAH3% (Program Counter): 16-bitd B — /% N
#E, HAFRT—&NITISERBAE AL LCINTRRE

« A% (General Purpose register): R4 16-bittlI8 M HF 5, S2 5 BIH000~111,

* ##H (Condition Codes): 1-bitF EHINHFHFE, S UEN (negative), Z (zero), P
(positive), load#§4 (LD, LDI, LDR, LEA) Fi#®#54 (ADD. AND. NOT) ZEF{E
B EAEESR AN, BASERED, RBIINDH X B KIS, EH3
FRA[RE, EDfi% (N=1; Z=0, P=0), % (Z=1, N=0; P=0) FUE# (P=1, N=0, 2=0),
Brload iz Bk 45, HMLC-HEAFRABEHHHD,

* WFBR41/O (Memory-mapped 1/0): tFR&MIMA/ML (BII/O) HiER tiload/storets
4 (LDI/STI, LDR/STR) Stiify, BmiRITHENV/OREFES ST THNE B
(xFEQ0~xFFFF), MA-1F1%A-351% TLC-3015 & % 77 58 B 9 SR At .

* WFWiALE (Interrupt Processing) : OUt#& A& i CE MR, AdTHIEMAEAILHLE,

* S (Priority Level): LC-3Z X T8MMRSELH, PLT (f£5%%7) &, PLORIE.
PSR[10:8)f8 % 24 Rih /7 BRI HE SER B,

¢+ SbEEBRAA R (Processor Status Register, PSR): 16-bitF 7728, 4 T 4ATs TR

LS v

F PR g

A A B bk 2e 1)
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REMBE. Kb, PSRBT E L, PSRIIS]E X T #hATH BIRBRBIK,
PSR[10:8) X T 4 #i h /7 ek R AR LK F], PSRI2:0)L &ML KHE (PSR[2)=N,
PSR[1]=Z, PSR[0]=P),

« BRHER (Privilege Mode) : LC-3% 3 T MBI, ADFPRUCBERRIA P K. dnh il
MRS BRFAIPATRERE SRR, RRBNHPSRIISIFRIA, PSRI1SI=0REHAUER,
PSR[15]=11t#% A 18K,

© BURBIA % (Privilege Mode Exception) : #ERTHEAHUTHESBIR T, ERIAEER
PR THRATRIHES, W4 RRERRE . AR R

o KU A% A (Supervisor Stack): XFRMEARZR., FERAER T, @idSSPHH
(Supervisor Stack Pointer) YAl K, Xk, HRMAT (PSRI151=0), Heirkt
(R6) fRFHIBESSP,

o AP EERMZSR] (User Stack): ZEA AT, %2 EZMUSPH4F (User Stack Pointer)
VilalRy. 4PSRIISI=1B (A/ER), #efit (R6) stR&USP,

A2 I8
FA-L (WF—W) PEER, $H8FIREFBRMALC-3E4HHE (A3%).

A3 ESHE
LC3E XL T—HEHmFEMiE4 %, GRS (16-bit) BE-bitd IR (bit[15:12]) LA
RIGIERAEAERIG B, BA-2CE TLC-3MISHHRERD, UURKAEBMMERES, F1614-
bitiR I AME L. T THEARIES, HiEERAERIESMCRESHR, 16-bidFOHR,
ARIEE LR ARG,
RA-1 $ESCEBME (Notational Conventions)

R & X

xNumber MR+ (hexadecimal) FiR

#Number HAE R (decimal) FR

All:r] HEWAMFBRRE, ZRHoic(1], LR Hbitlr]. FHa,
PC=0011001100111111, RIPC[15:9}=0011001, PC(2:2]=1, tufifurifE, W
ATLATRI %5 HPCI2]

BaseR #4EHFF# (Base Register), il W ok %4 BMIA6-bitlRBsm, =4
Base+offsetfbl:

DR EIf#% 7% (Destination Register), f{&ERO-R7Z—, 4 fIFHBER
[E2:2

imms S-bit BI% (immediate value), 4 fI# s BNBCRT, 3% % REdE 4 b iy
bit[4:0), 3 (2’s complement) %7, FEH-16~15, {2 AT EMI6HTS
TR

LABEL CREER— T ETE, RE-HIEET (FERR, MARZ16-bith
hE#R)

‘mem(address] RELEIALI NI L THINE

offset6 6-bitBeffi, $&4HIbt[S:0], FlFBasesoffset FHHRK, 6-bithHEIG (&
B-32~31), LA WBase+offsetitt, TM166 1S4 R

PC BRI (Program Counter), 16{I %%, Ha6IF— /1 HEKMUE 4 Ui

ak. B, AR AR FERIERA, MPCRIAE A+
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(%)

3

& X

PCoffset9

PCoffset!1

setec()
SEXT(A)
sp
SR.SRI1,SR2

Ssp

trapvect8

USP
ZEXT(A)

9-bit%{e, &4 AIbit(8:0); I TPCroffsetFhbEx. bitl8:01 8 Bl —4
9-bitRI A FF 530S (FEMR-256~255), AP REICILZSE, SHRPCH
i baihs

U1-bitde i, #&4Mbit(10:0]. AFISRESUHHFBRFHA DAL,
bit[10:0)4 F i — 4 11-bithIF 1T 54060 (FEMR-1024~1023), FEYRE
16-bitZ J&7, 1544 BPCHI A R

WEBRREFFR, 16-iFHFR, LS T YAERSITHRE (process) Ay
RAEMFE. PSRISI=RMHERX, PSRI2:0ILEMERER (PSR[2]=N,
PSR[1]=Z, PSR(0}=P)

IFERMEON, Z, P (X TSADRMKIE), mRHH%, WN=1, Z=0, P
=0, AREAH0, WIN=0, Z=1, P=0, WR{EAHIE, WN=0, Z=0, P=1

AR SY . AR ORI ATE G, E BN T 166, Bidn,
A=110000, WISEXT(A)=I111 1111 1111 0000

LRk . RO MATIARE . FFEMAM R, 2 B3 AR BURBERX
($#0, FIF). WRPSR[15)=1, SP=USP, fuRPSR[15)=0, SP=SSP

#%HA 8% RO-RT

HRBK KA (Supervisor Stack Pointer)

8-bitfi, 4 Mbit[7:01, H TTRAPH & HhEtrapif % BAFRIA K ibhE.
bit(7:01 B M A T S B, FYREI6MAHA (FEM0~255). iZbatH
FEITTPIEH T TRAPIRS BFRIA Niht (BNAHRSHEH )

A PR A EE (User Stack Pointer)

MHAMES R, ARBADBHEAO, HEI6M, Fl, mRA=11 0000, HI
ZEXT(A)=0000 0000 0011 0000

Wm0 8765 42210

ADD’ 01 oA sm 0| o0 s
oo [ | on | o ] ]
wo' [Com | on [ o [o[w] =]
w0 oo | on [ o [ e ]
o [ [ole] e ]

ST on

STR o

ap [ | e |
e PR T

EA-2 LC3ESMAMIROMIMR (. +EoRIZH SR & 0-m)
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ADD (Addition)

L4 B4 X
ADD DR, SR1,5R2
ADD DR, SR1,immS

BCNECERTEOEIRCS
Frao o T i o]
Y

if (bit[5] == 0)
DR = SR1 + SR2;
else
DR = SR1 + SEXT(imm5);
setce();
ik
ARISIRO, WIF2AHRIERK FISR2, AnRbit(SIEL, MIFE2A-BIEHR B immS T BRI 166L
ST RIE. TRE2MRIEECREWE, SIS SSRURM, HHLRIFADR, RN, Higx4
BIEWOER, RRXPMHEHTD (N Z, P),

5
ADD  R2,R3,R4 FR2<-R3+R4
ADD  R2,R3,#7 JR2<-R3+7

AND (Bit-wise logical AND)

Lt B4 X
AND DR, SR1,SR2
AND  DR,SRI1,imm5

EXe)
TSN SV S S U S S0P P S
o101 DR SR1fo| 0o | sr2
L8 2n 9.8 6.8 4 o
0101 DR SR 1 Immé
et
if (bit[5] == 0)
DR=SR1 AND SR2;
else
DR=SR1 AND SEXT(imms);
setcc();
ik

ARDI[STRO, MIF2MRIERK ASR2, MRbI(SIRL, WFE2MRIEROK HimmSFRAT 1611
TSV RIA. ERE2BIERCR ABE, EHH SSRIUE “HA75" (bit-wise AND) B, i
RIFADR, B, HEx M REMSR, REMEAKED (N, Z, P),
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#F

AND R2,R3,R4 ;R2<-R3 AND R4

AND R2,R3,#7 iR2<-R3 AND 7
BR (Conditional Branch)

T4 B X

BRn  LABEL BRzp  LABEL

BRz  LABEL BRnp  LABEL

BRp  LABEL BRnz  LABEL

BR LABEL BRnzp LABEL

E2)

1 w09 e 3

(Lo [aafo] T reomn” 7 |

WA

if ((n AND N) OR (z AND Z) OR (p AND P))

PC = PCO + SEXT(PCoffset9);

ik

Hbit[11:9E M A AR H MR, BNRbit[11)=1, MINHIMIX, ARbit[11]=0, WINTHMIR
ZAPIRIER, ANRAL T — D BE MR R -G B AL, WIFRFFBbE EPCoffset9F BT S /R

WEPC A IR,
#F
BRzp  LOOP o RBFHIHERRT (zero) REH (positive), BibtFELooP
BRO® NEXT + RAMBENEXT
JMP  (Jump)
RET
L4 B4 X
JMP  BaseR
RET
5
" v s s e
JMP[nm'm{w‘ 000000 [
s w98 6.5 o
RET[um}m'nl’mlmll
#te
PC = BaseR
4 iE

BFEAFHBEE AL FFESHNFHEMAD, bit8RBLENFFRHRE .,
T

© MEPC,
© CHIEZMBRABRuzpRTLMER, MERBNRACME ., MBHET Abripht (TR,
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JS|

bit[11]=0),

LD

344
JMP R2 ;PC—R2
RET ;PC—R7
iz

RET§ 4 LA MR IMPH 4 89— M40, PCHRARTRIAA, RTHHRADR Btk
e, RRERERTERFEAES ZE0HE 4.

R (Jump to Subroutine)

JSRR

L4k B4 X
ISR LABEL
JSRR  BaseR

%
PR o,
JSRlum ||[ ’I‘ro?m’n(l‘*’
PRI o
JSRR‘ umﬂn'nlm (.‘JJ
£
R7 = PCO;

if (bit[11) == 0)
PC = BaseR;
else
PC = PC + SEXT(PCoffsetll);

ik

(linkage)

B, MBPCEMMRIARTS, KRR E AR (linkage) Hit, KFPCRAMIA
MTRFMAOSLL, MENFEAEREE . TRFOA QIR A EILFFE (R

#F

JSR  QUEUE

(Load)

iC 4 B4 X

LD DR, LABEL

4

DR = mem(PC® + SEXT(PCoffsetd));

© & (incremented) PC,

© MEPC,

BARDI[10:01F SH RIEFIMBPCZ A (Anbit[11]=1),

1+ HISRIGS ZIEMIMAERART, 2R/GBEH: EQUEVE
JSRR R3 + #ISRREFA ZIERIMAERART , PRIGBESE BRI A i MM hE
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setcc();

ik

Hbit(8:01/T 16FL 7T S4™ R AFIMRPCHM, HHEH— bk, RFHZIONFRTAK
FADRHER, Fi, RIBRAREOAE, REHMHKED,

T

LD R4, VALUE i R4—mem[VALUE]

LDI (Load indirect)
iC 45 B i X

IDI DR, LABEL

»a

LS P S . o

(o [ o [T |

Rtk

DR = mem(mem[PCE + SEXT(PC offset9)]];

setcc();

HoiE

Hbit[8:0147 16 FFS4™ R I AU RPCHIM, IRt —Msbat, A5 iZHLRINAERTTH
Ffehibht, BRIERAT, HFHERBRMAEEADRFESR. R, RIBEARENNE, R
AR R RS,

#F

LDI R4, ONEMORE + R4<-mem[mem[ONEMORE] ]

LDR (Load Base+offset)

L4 B X

LDR DR, BaseR, offset6

E2)

1 w98 ey B

(Lo [ oe [ see [ 7 omos T |

343

DR = mem[BaseR + SEXT(offset6)];

setcc();

ik

BHbIt[S:01/T 16 6L FF 54 R {E Fubit[8:6 4 E H A BMINAAM, THEH—/Mdk, RFHiZH
AHINF TR RADREFE, [, RIEFAKENNE, EEARMNEED,

¥

LDR R4, R2,#-5 ; R4<-mem[R2-5)

© MEPC,
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LEA (Load Effective Address)
L8k B X

LEA DR, LABEL
%
15 P TICIY)
1o DR r PCofisety

et T

DR = PCO + SEXT(PCoffset9);

setee();
EES
HIbit[8:01f 16 (L FF 4 RIEFIMBPCHIM, T H— Mt AEHZEaEHRADROH K
#. FR, RIBRARENNE, REBMEHREG,
T

LEA R4, TARTGET ; Rd<-address of TARGET

NOT (Bit-wise Complement)

L4 B#X
NOT DR, SR
%o

20 si0 e84 s s

{:um wr su | 1 | 11||)_J

DR = NOT(SR);

setec();

i

JESREIPK A HALEAMG (bit-wise complement, HIZF) #FADR, T 2H HRMMIERE
Atk F.OEH, REMEARED,

#F

NOT R4, R2 ; R4<-NOT(R2)

RET® (Return from Subroutine)

T4 B X

RET '

8

1 2098 8.8 o,
(oo [ g [ ot [ omon ]
© MmEPC,

© LEASHTZIMAE, REFHRHROIEAELTObIRESDR,
© RETHF4 LI ARIMPE & B —MEH, £RIMP,
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PC = R7;

g

HRTFAERAPC, thFRTBHEAR linkagefI & (£ ILISR/ISRR), BILARETHE 474
BOR, BAEE ZAISRIBA ST — RG4S,

T

RET ; PC <= R7
RTI (Return from Interrupt)

Ltk B X

RTI

Ba
wn o

!L‘ " I T —r j

S 0000000000 .

#1E
if (PSR[15] == 0)
PC = mem(R6]; R6 is the SSP
R6 = R6 + 1;
TEMP = mem(R6];
R6 = R6 + 1;
PSR = TEMP;  the privilege mode and condition codes of

the interrupted process are restored
else
Initiate a priviledge mode exception;

ik

R Y ATCE SIS TR RUER, WIZHESIATRAEA, BB (Supervisor Stack)
TEFHEA B THABREE (pop), 42 SIRMARKPCHIPSR, MR UMLBRSTEMAP K,
WZHSHBITHSI R A" 2%,

#F

RTI  ; PC,PSR <- top two values popped off stack.

&iz

LSPERRNT (interrupt) SAEBSH (exception) KAN, SEBRLMMOD, RELRRL
AHRBRBER (PSR[15]=0) , AA/GHPSRAIPCAINZAEA (push) SAUBRAR: B/ Hrhmi
R WIS BIFRIA QAR APC, hIT R IR SRy — & RETERRMRTH, REBAE
WO fE— A4 —ERRTI (HKSHPCHIPSRAZ ), HXPCHIAE, EHEiHRT, BKkEa
(BOREIRY) PCHZ R 1 & AR BIR AT RIS AL, TR HWR T, PCRIBE AA TR
SIkSHMES A (EZEFMUT—H), LTRERXT—£HE400 (EBEFHFNT). F
XPSR, SHMAMILEE R, PHHROPSRAZEE HHI K EMORSGE, TRERARTT
REREAHRASE, BTiEsE%, S5, WRYMECBSBTHEM R, ZESHIR R
AR S, U MRS LA SRR,
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ST (Store)

Cth B4 X

ST SR, LABEL

%

w e ; o

‘ o l SR Poftsey

#tr

mem[PCE + SEXT(PCoffset9)] = SR;

g

Hbit[8:0140 16 (L F B4 RIAFMBPCHIM, iR —/Mibht, AFHSREEEFHFRNANEE
AR R AT BT

¥

ST R4, HERE ;mem[HERE ] <-R4

STI (Store Indirect)

T4 B X

STI SR, LABEL

EL

18 Jan S
II7|| | s: J . PCM‘ . ‘J

#4‘5

mem(mem{PC® + SEXT(PCoffsetd)]] = SR;

ik

Hbit[8:01H 16(LF 54 RIEAMMBEPCHI, HRH—HEA, AFLLZMALARRAEE
TCHINZBIEhbAE, HSRIGEHFBHINAERA I BIEFAINFEITH .
#F

STI R4, NOT_HERE ; mem[mem[NOT_HERE] ]<-Rd4
STR (Store Base+offset)

Tk B4 X

STR SR, BaseR, offset6

'Y

o [ T o]
Btk

mem([BaseR + SEXT(offset6)] = SR;

© HEPC.
© H&PC,



LC-3#5 4R 444 349

ik

Hbit[S:0)89 164 FF S5 R [ Fbit[8:6 45 £ F 77 BMAIA AN, HHEH— Ak, AFHSRIE
EHFFBRHNERA A RINF BT,

#F

STR R4, R2, #5 ; mem[R2+5]<-R4
TRAP (System Call)

L4 B4 X

TRAP  trapvector$

2]
s 2o )

J m ! W

B

R7 = PCO;

PC = mem[ZEXT(trapvects)];

Hhig

B RPCEART YIRS BIFEEIRAERS). G tirapvector8ifE M ALIRMMA 0
HEALFAPC (FHr TRk ). B, XA NMALAIHH R A, B S Hftrapvector8 FH R A —
A 16-biteht, MRIFIEMILMABTRING, ERIRSBFHA QL.

#F

TRAP x23 ; Directs the operating system to execute the IN system call
; The starting address of this system call is contained in
; memory location x0023.

&iz

P 8. 7Cx0000~x00FF, J£2564, JARAFH &N RR (trap vector) B3Rz AN R
FEIA AL, BLAZK B BHAY “BAKER" (Trap Vector Table), FA-25IH THRAX &
X20~x25 573 BRI & A AR %5 B .

Unused Opcode
L4 B X
none.

2]

s 2o o,

1ot |
HtE

Initiate an illegal opcode exception.

#ik
BIRAERD BT BRI R B L. BRIk EMRIAT LIS, B3R IEEEA (illegal

O HMEPC.
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opcode) FH .
i
BRAEG (1101) RFHLUGHE LI, 2R 2R TH 4 R IEAIbI15:12)=1101, W4
RS R, BRALSTRER,
®A-2 TraplRFEF

BARR CREL f#

x20 GETC RREFZA - FH, BEFHHEFERBELER
(echo), iZFFFAIASCITL{E W5 WARO (RORYMSLLH
%)

x21 our HFRO[T-0M)FTF 4G H7E R 4 LB

x22 PUTS MRRS - FHE, FEFREATFOERRE

S, BEAATRT—AFH. Bk hROE,
RSN B 24 BT 17 T B 2 x0000B .

x23 N SATENRIR (prompt) ZERE L, REFHBEMA
—AFH. EAFHEBEREL, EAWASCIGE
ARO, ROFGS{Li%E

x24 PUTSP FRERS - FHE. FRFHEATFOTERRE
S, BEINTRTERFNEH. BHBRH, %
FDit(7:0HH, REFHHLIISSIRE (MR—AFH
BOFFIURTEA, WEE - AFETHAR
bit[15:8]4x00), ¥kl RO , 45K FIMF 24T
P78 TR Hx00008E

x25 HALT BIERST, HERE LRHES

A3 REFFRIE

iz HFHEB L W BAITHRE

XFE00 Keyboard status register KBSR, Readyfir (bitl15]) #7@% CHME— 5
ARAFHRA

xFE02 Keyboard data register KBDR., bit[7:0142 & #2 B KA F 7

xFE04 Display status register DSR, Readyfir (bit[15]) Fm@rik# HA£ET
CABCT— M BRFH

XFE06 Display data register DDR, ZHHFHMEFY (Ebit[7:0) REMRSERR
F

XFFFE Machine control register MCR, bit[ISIEMBhERESL, SINRM, HEMIL
BT

A4 HEfISRE AR

SMERHYE: (event external) REGSERI (interrupt) (iif-halt) MATEIEEFTAORIY. BH LAS
¥R ARIOF UG IE ) (interrupt-driven 1/0), FI#E, &178 A4 & bl i/~ 4 B4 W 4
(exceptional event) thMFAbIEBMIIETT, AAEHIGS (AITERIRIERD) BLE—/A “WIE" FHAIBIT.

Hfk (event) LBYRMLJIWLHN, TH K FA (interrupt vector table) BHK—, L%
KA RI, BARTAME—FHEE (FE KR REFHORD), RERRRNLHE
HLREX0100, BOREBR K LA M & M2 A TEH £ X0100~x01FF, £TAE TiZRBMSBFMHA
Higdk, BT MRS BAT, REMBERGRENLCRIZEANS AR, HARROE, K
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B BT T .

EAAIAT1284FI (x0100~x017F) RARFFH 55| K # 4 (Hllexception) HIALERRFA OHbit,
BHFRENHD “HEMFALA" (exception service routine), 2 FFLARRIX LUH: 5% (exception)
AR H W (interruption), R E xSk R AR “BIM", KHMBRFRENRHIT.

EREAEIRI128 KT (x0180~0x01FF) RSP R LFAIIR S BAFA MbhE, 0% H1/Oi%
HEH KWL BRI, EHRENH PR A424" (interrupt service routines) ,

A4l hlf

BARLC3HRHET RIS VOFWIR R BALKI, (HF X ELCIH AL RIRE T H——Fe
PRAEFBRIVORE , BIfE (keyboard), EHIIIIEILRRPLA, R % & Ex80,

—AVOR A MARBHMIRS (AIRA “Kik”), EHREFWLRE, w245 b o
(Interrupt Enable, IE) {1, ELehMiifRAVIE % b SRS RFAIESERE, WIHE R,

TFEE GG SRR B RRFETRIVNTPLY, B ARRE, mE
KBSRIGIEAIh1, RIMATHEA B R 2 R r o (MR FEEE), S, RIARS R A
& (initiated) ;

(1) SR BTEMHHHAURBABR B AR (PSR[15]=0),

(2) FIBF, HRESINEEAHPLL, BB &R R HUTAL LS (PSR[10:8]=100),

(3) HHiURIEET (SSP) HAEBMIAERARCHES.

(4) $5PSRFIPCHIN A EAKFAUAL .

FEALE B RIREIE B B SERL LR 2 S

(5) BAgERLE—/8-bithy %R, HIx80,

(6) SERBAHILRRM (x80) §RAX0180, BILHMIK BRATFHERILE.,

(7) Hx01804bhk MFF B TTAINAREAPC, MIBHMT “BREe™ ARBHUTIRS B,

FEUL REARIEZIR, #EABKPRSITH B :

(8) SLERBIFLAT bW AR %5 B AFHIBAT o

RS BRI BT — St S RRTL, MRTIMFTI, A4 H Sh5e ML TR

(9) FrAUARTRRA M TRIN A WH M, SR AEPCRIPSRAF T B AIAZ .

(10) #1824 BIRIPSRIISIAZ, ROMHHEA AERIRAGEHA.

ERMCA LWL JE, RERDSORFRENRT GEB, BruoRETEemn R
B, AR RIERL) .

A42 B

LC3UHMAGAZ LT FRR W, 0 BAUERR" 1 “IEe 4", AURBR MR
BRHM O, RIEMPEATBERTHGS , WS40 20000, £408 %58 58 D
(bit[15:12]) 4110189354,

MFLRBERYE, —BBIRY, BARKRLE! BERSBFHRE (initiated) HRFF
eSS

(1) RBUH (RE) REEAFHHMR (PSR15]=0),

(2) ROB# AKERARIEE (SSP) HAFBMINA.

(3) PSRANPCHPIZ i FE AKEAR A o

(4) SR EFRBBR T8Itk R, IRRABRBA 2, MR A% REX00, MR
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EEHES, RUMHERRR0L,

(5) b Hi% s Ry R Hx01005x0101, BNR Ry R R R He L o

(6) #x0100Rx01013iLFE B ITTAI A APC, BISEH RS BEFFIIA DAt

FR, LEBFEFHRERFONIT.

S ARGy B AR AL IR AR R T AN 52 R RIAR A R GE RSB Kb

B EHRE T, BHRSRAFRSAIEREEE, FRERBFORT, BLEZHN
WF, RS RAFMRSE—&I§4 —ERRTI, AU BTRINERT, JHo3%APC
APSRIAAEE, BEHRSRBFRIRIT.

BERSHER T, RHEMHIRIEEN, WIRSEF (BIERK) MIXBGHREFT
AT,

Besh, R AR AL B BRI S B RATRIR R, PWRS RS, B
RS 0 B B IR B AT RIL A& BT BIAOR S, T R LR, BEROARERERI. RF
FAFAANEERS, FX ERE TIZRFAS “RiaE" (urgency), BFLAELEERF
i, BREVELTEN EBE". B, LC-3 ISAZXMEANRE, AR RER
BAEPFEEEESM, RITHBELXTRSBFSTORER,



fysRB AMLC-3%x86

EIRETA, LC-3454 4 (ISA) BRMIEE TLCINRES (MBFARSRHELC3
GIEBE) SLC-IMEH (BRBOIETLE) 2N, H4ROE L EHAEANTFR
A ERICF AR S, FHEBRATAD, FHAMER, RIED, MIEREHR, LRBEK
B R R R F AR

[FI¥E, ERIPCHL L, hIFfE—MEA A, BHIFET (IR TRCESRD) RS
MM Z BN, RREME, PCHLIEAKRX86, fiARLC-3, IntelfE 19794 BiHHELB T %
Zety (BNx86) MYS— AR i—8086, EAME THbALFIMIRAY R/ MERR 1661, T4K, bt
WFRMER /DRI A32ME, MBO86F 4, Intelfly R 5 ehH— HAR MO K %384 RYE,
80286 (1982). 386 (1985). 486 (1989), Pentium (1992), Pentium Pro (1995), Pentium II
(1997). Pentium III (1999) FiPentium IV (2001),

MELZ T, x86MIE4A LELLCIMIRA KA XA L. XSORUEELMBRIED, ELHOKIRL
B, EZHFAMK, EARMAELEN, UREIRAGHIRBHR. HERE, RIOBEEN
(x86FILC-3) AAMFIMEFER.

RIELETREMNZE], BMELCIMERRA, RFH AR, RIEMILE
—8 AR WIRS KM, EREREHR, IEEHCIR RS MR IN (BI¥IIMRE
A REH) BN, R EMInel 7 (RABAFLC-33E 1), Dell A7 (EF i HIEPCH) ,
LARMicrosoft A 5] (HLC-3%454 B9 M EWindows NTIRIERZRF) FHlk “A+", 4%,
BH—MEASBNES] “RE” HLENH %, WRIEARR.

TEBENIF LN DEMARER, ZR-FEREROIESE. RECRER, BRONHA
ENGE, BAERA MR —FbEE,

L2, BROVERITRI B Bax86 ISARTE, Wb, EMBX—5, FESE—FBRMEA,
FIREY R BRI AL, RERMUBAREEADE S TR, XTTEH T B ATRRINTERS,
MRERMFILE, R 19974 dintel X AHARK (nelZREKETFRETFHMY M1, 2, 3%,
AW R, RNAHRERABRF (A RBIERL) MXAx86 ISARMLTMMIA, RIWE
R, XN, LRl KME A ERMING, REEERITFTREBGLCIKS
B, BF. BRXEEHEELC MR UK IR A,

B.1 LC-35x864F L%

B.1.1 &M

—MESRLES THZTRMES, BRAKSNAE M RELMETMRER. RIENDN
AN ERRTFREGHET. RIHLFOEMRERCH— M TE, HEFRIBRATS
WM. 5o, REMRARFBRRTYAHSEEHF LR,

LC3E4 AR —FEIBAR, ISMBERF3MIAMEK, KIHTAERE . MHPCIAE
(LD/ST), ij#%a4k (LDVSTI) Fod#7 8 inis3ak (LDR/STR), Mix86454 HNIHM% %55 125
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BARATY, 2002/ HIERFL R AEBR,

i< ¥ %

BHRETREEBMRIHR, HENES REARCESERGLNRES.

LC3RARH—FsiRdeR!, AIIGAIA IR, HARXTA R AR X FSK iR A TR, m.
BERREARFHETZARAR, SHEEMBFNTEES e REAY, —SREE
R R LR F, B0 A —FFRRUR S Tt % & (packed decimal) RIBIERE, BRFEEN
LB R, A b S S I S AR Y S BB R S s O B (LR

BT XEE R, x861%1 T8-bit%, 16-bitk¥y, 32-bitkkdy. 32-biP A%, 64-biti}
SBE, DARG4-bICRN128-bit £ B FRARTY, BRI A RIEIE 4. EB-1FUREXS6{84 R G
IR FBIRRE.

BCDAI % # 20 16 12 8 4 0
digit N digit2 digit 1 digit 0
R4ABCD 12

8
C_LI =] T
digit digit digit digit digit
N N 3 2 1

=1

Ei.4 %
) [
B I ]
% 33 o

e

79
[

k4 3.4
o
. X+4 X+3 X32 xnmrwlx

I
b kg ——

last bit
MMX AR AR
63 48 32
T I T ]
K3 TH2 g 3 THO
63 56 48 40 32 24 16 8 [

[ 1 T I I T I I ]
7 ® 5 4 3 B T %0

FEB-1 xB6HY)& iR

[
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2. te G

LC-3t & ISHRIER, Wix86184 HMIE &200% AR IEM, (HEMBMZATATIERR, Kk
—HIESRENEABBH L, HEFRVBRAF=L, METRERS. RBERBHES R
4. BEBRIERIEERMEHLE, KEREEHEEEL - BN S 1h (B
FEIRARISRA R ) . T R e MR e 5 4 SR

BRELZoh, MODERZATE —FAL P LRORY, WRKTEEES, hTHAXFHAIR
FHARIIZITH, W ESREBTEREREFNERNRTRE TN, HOER, XHigsR
REMRIERSE (ADFRBURAF) 01T, MAREMMABRFERT. ENMDREERTELES. 2%
EE, RS R BB RENGE. EARRE, ROETHEX LS,
EREOR, ENRKEE, EAROEIS, RIEREEN (R ERLRE),

TRRMGEATEERHERES LY. BEES, RIBMBHES S,

3. kA 4

LC-3fy R RIEHE44H =% ADD, ANDFINOT, #+#, ADDRLC-3fH—HRAE R
M. R R, REMIERERO QAR T, mRBHEE, WEES - EHRMOEF.
2pk, X3 T EKHIMALTE 8ok R AR SRR AIIRIE, FHIL, x86% &1 1#SUB, MUL, DIV,
INC (ii4). DEC (#) FIADC (H#frinik) F4#H4.

FAEN— N EERBER, FiZRBEERNEE. BHOMEES M RERERN TR
o XRPHEERE X UADCRIRIERS, NGRS P 3R 1 5055 2 B A0k 58 1 0 2 £ 4
(Carry) #if0.

BN, xBOBIRI T H B —FEWATMOBREDE, fim, SREKESE (BIMMXES),
EERINBH ERORAZHAR, EREMITIEFHAEHL (saturating arithmetic), APADDSHE
X E AR M T AE .

WAMEAZENE L. BERIARFORIRE - TENKE, OREAE, IRERE,
MREBRNBFLHEN—ERECHCOLERENET L, Flin— A TERDBEHRET, REXNLFN
SERE., RAEEHERBE, HRRET+5=2 (B tr). IMERBERILTIRSEND, —EH
fr4RET! EERMERSESRT, BRHNERAL, WEKOME, DRSPS E, K
&, “T+5=9", “9+n=9", WHRAAZHRE-HEHROER, x8MHMMXIESRAXI T
1,

B, B REXBRFRENZRGRET SROBRED, mx86184 A% hMFADD,
FMUL, FSIN, FSQRT%#54 .

HEERERIES, ANDRINOTRLC-3UA MBI MEMEHIRIED, Y%, (RaTLLLTFixm
MMRIER, OIRERMEHZEN. Al MERZRESH, XHRIEWFEB, mix86H
HEZMERZMEHIE4S, MOR, XOR, AND-NOT#H454, LR * 7 iR L R 4848
e,

SOk, x86HIF S HMBHITES, FAILURBAMFAREE, A RIEN—FRRE RS
R, RESKIBLL, RFEREH—TBIBTROL, FE.

HB-1FH T —Lx8645 4 R R IFER,

4. BARAS 5 A

LC-3f%imMBE4 /7% LD, LDI, ST, STI, LDR, STRFILEA, BRLEAR#Hbht (A%
ABFH I, RORSWRENT (RAFRIOR&AFER) MO EAEFSE (RO-RT) 2
[BEFE ¢ N
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Mix86BRLL LG4 250, LA EZMBEMBEIES . MXCHGH R BMF A bt F A
% PUSHAY8/Nll I#F7E 8 20 A MR, INFIOUTH A T1/OMb 2 A5, AN7EIREMA/
R AL 8 2 RS AR, CMOVecR RUFHUT (C) MBI (MOV) R4, EBIREY
BIHRELE (cc) HEM, AHRTMOVERLE,

HRB-25 5 T #syx8615 & R M MIB MBI S

H®B-1 xBOMIEMMIELIRS

# 4 & X

ADC xy x. yREIGY (CF) 4, #RHFAx

MUL x FHFBEAXNE 5, 64{&RAFMIEEDX, EAXZH

SAR x *EARGEML, HRIFEx, oM ETLRL, I RCLEF 7 B0

XOR x.y XFyWIFRER, SR

DAA AR BIMOR M (B BCOM R F R/ AEALSFBH). mFit
GITRAEISTIRARY, BILAERATRETEM. TDAAREMIERM/BCDEF

FSIN RTNERD (BRFHZAX), ZEHsin(0E B4 RERK

FADD ARTARF A TCHRBHE MR RIE 4

PANDN x,y FAMMXExFly, S53EEH (AND-NOT), #4R77Ex

PADDS x,y FAMMX¥xFly, WRMBEER, & R4 Ex

%®B-2 xBOMIMIEMSIES

w4 & X

MOV xy HyrImE S W B

XCHG x,y XFyREZBAE

PUSHA H (ALL) H1E 8 EAR

MOVS H§DSE ESB BABNERZE, FM
#4KESIFIED]

REP MOVS K& (Repeat) $hi7MOVSH{E, Hhi7T - KkMOVHE{E, ECXMI, HE
ECX =0, (4 THTHNTHE, HECXAEMBLYFHEKE)

LODS AEAX, i ik, MESI
#{E (DF:Descend/Forward)

INS HDXHFAH B HENI O NEEAEAXFFBRAXRAL, RRTHIBEE
232, 1688{i

CMOVZ xy RUERURIMBIE S, MBRMMZE=1, WHyNEHNEx, MmPEZF=0, N
BARSTEB (AR fTno-opth & —4¢)

LEA xy Hyleht (TARNE) A, 534 FILC-3MLEATE 441

%B-3 xBOMIIEHIRIES

# 4 & 2

IMP x AR AIPF 2. 454 FLC-309IMPIE 441Dl

CALL x HIPAE R, HHIPAERE X

RET HEARANABL, S A REEAIP

LOOP x WAL, HECXMKI, MRECXIEOHZF = 1, MAFxHAIP

INTn KAEPRS . NRERIERG DS RENFTIS, EidREEA R

FBIFIA DAL AIP, 5454 ALC-3MTRAPH 4-48{L1

R4 ELES
LC-3H 542 #l#§% . BR, JSR/ISRR. JMP, RTIFITRAP, #IL2 T, X86Huilis 4% 0
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¥4, RB-3FIH Tx86454 KM HEHlIES .

6. Fiwht b ikt

LC-3RF =ik X RIOIE4 %, RIADDIE S B R ERMBIERBAN=D . MERIERE
B RREY (MMM M- AORER (FRER). dTELC3H, XINMRESLM
BRfEE, HEHH =45,

TR, AMERRES 5 BRI SOR E — bk, RS b WFbaE3 M itk B
#n, 7ELC-3#%XAIADD R1LR1.R2f54, RIBER S ht R Boribht.

Mix86MI & —Fh A Ak KM I & . Ex86r, IIAIRIERMEHEI MRS, BRRIENK
Z—Eydpht o IR E f st (BDFFHESR) . Bildn, Ex86+, HHBMADDHE4 MADD
EAX.EBX (EAXFIEBXJE8/AMifi %77 8 MMM 4F ), WEAXTMEBX RIS, ifiH
WIS REAX, BT RIESRUEFEAERMOTIAE S, RERE— LIESRIT2ZIE, LIRS
e ®E. FLL, MRERIEBFELAIRS ZRETRE, MBALFIEHRLSPITZAHHZE
£ 3N

7. R AR K

LC-3454 5 5x8645 4 R FEMR B2 —, BERBIERMAKFRE, ELC3EHESH, &
ERL KA FFE, BARBLRTATFE, MESOHEST, BIEKBATLUR A FFEHT
Lk AN, BAFERBSENE, BmiFEd, x86 TLIE— RG4S P ERMATE P IRREE,
AREEHREZRE, ARAXHEREANES - ERHRE ZRLC3ITERMBIN) .

FEREFES (EFR), ELCIRAFHIEES KIS ARTR, WAL loadsy
FHIMNTEEALNFESR, ARHKEH, HHERTFRELNFFRF, REFEitstore
WEWEREENT., RINFRAAXHMENE (AXHRESCRRARS) Miks% (MLC3) 4
“load-store” KAIFEAHE, B IARx86 A Rload-storede RIfEA 4.

B.1.2 A#EFZE

LC-3yzs MM A 2 ANt . de /bt b B & A0 (5 B ALt 1662, ZBTLARR “LC-3R
A 1OAL AL A", B 1660 AL AT LA F a2 AN AFELR . ZBTLARR “LC-3fF 44 164
FHEhEH”, REAKFOGEN AT R SHEBEER6M,

AR “x86 A 2L MRS FHLRES ", th FEFHRE 84 bit, HAINHK
X862 “FHIH". ATFHEFHRERLM, MG A E SN, ILNFERELNIN BT
CAFE i — A 320 R B0HE . [RIZENIRMALY BIAX, X+1. X+201X+3, #AVRILI2M KB R THY
ik RX, 320 BA b &S B AR, XOULEE K700, X+1EE[I1S8I6, X+2048
(23:16)fir, X+385&([31:24]f%,

EFLC3MHZFF ALK, RIVEATLAMLC3 R4 WAt E 8, R H RPN, #
L2 T, x86iANIBRGE T £3i524F A FHREATFHAMIF B (B RB2Y hHIX86F HHR) .,

B FHHAMR S 25, x86NFEF b H LA EE—Fh “A (segmentation) HLHI", BERE—FHAER
PEE N AE AR LI, AnRERS kARG, TESXFIAEIR T, Mk LB A Aot il R
TR R M E A, TRENNFERTORBRIE, S BEAEOTR, BETHHERFFEN
i HIARR . A RPHLHI TR, 2RETHRY.

EB-25y HIfifiiR T ELC-3MIx86BHLAI T, “HAEJMRE™ (Register + offset) FHMIRAIH
B R . FE AR A AR TR MELE A A8, LC-3{E FILDRIGA, Tix86fE M
MOVH4 . 7ExS6MMhLitE A, Horibht i FNFFAIDSIK B, B4 DSFHF Bk,



358 B RB

A—AM16HB ik # B (selector) F5IBHHRFFR, PREULBIXFIRIMHLHF (segment descriptor),
ZBRHAT P AE TRREFAS (segment base register), K LM F A B (segment limit register)
URZBARFEL . ARMESTFRXER RGN (AEE) SRENFFEAS
#N, AR KRR L, AnEB-2FTR.

LC-3454 it HAHRE
LDR
LIT TN 3
SEXT
16
P
16 ADD
ehik
FHBRE
H#RM (#F o
X864 B/ W) 4-byteltshit f#s
[Mov T T ]
FRXF X
i 221

B ER#FFS

BB-2 LC-3fIX86410f) “H 178+~ FABRMILLE

B.1.3 M#pkE

FriARERE, RIGLC-3d 84 I6GLAMF /S (ROFIRT), 14 166PCHFRMI 1661
PSREFF# (SRR, RERFINNZP) ARMREESE. FHE, 868, B RAMIR
SREEARFTLNFFE, B4, REFFRNRFERE.
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LAREATROFAS
FEB-3 % AV R AEX8635 4 Sk KRR AT AU %425 (Application-Visible Registers) .

@A B/GPR
31

AX___|EAX AL =EAX[7:0]
DX__|EDX  DL=EDX[7:0]
CX___|ECX  CL=ECX[7:0]
BX _|EBX  BL=EBX[7:0]
BP___|EBP  AH=EAX[158]
=] ECI DH= EDX [15:8]
DI EDI CH=ECX [15:8]
SP___|ESP  BH=EBX[158]

BAHHS MMX# %%
63
FPO MMO
FP1 MM1
FP2 MM2
FP3 MM3
FP4 MM
FP5 MM5
FP6 MMé
FP7 MM7

BB-3 <86 BA TR — S HF B

FILC-3fJRO-R7H B 4{1l, x86H478/ il A% # %, WIEAX, EBX. ECX, EDX, ESP,
EBP, ECIFIEDI%, %A #FHMREMEI200, BB WO TRIERMANHAI26L, B,
Fx86TIHE T AL 166 R ERB A RERIOIE S, HEBE LI ZR I ABLMFFE, &
Kb, H&EMEARUFFBOMICH, LARMKI6AP TSI ARSItz Bl THRIN. By
E, x86ERE T 16/ MBI K ARIF R, MAX, BXHDIGR 166/ 7%, WAL, BL,
CL, DL, AH, BH, CHMDHI&8{I#H7%.

5oh, xBOERY T — o6l FAF B, AR ARMMMXItREENRE, EN2 IR
FPO~FP7THIMMO~MM7,

2. ARFEAR

FriBASHFH (System level Registers), ML AHEHIRAT (At RIEZTH)
ATRHFFR. LCIFWNRERFHE . PCAIPSR, 7Ex86 T, AT RMNAKHFFELAL
iR, KEES,

FB-44 t T x86454 S8 e il P o] LA — L R R 7788

3. EAERH

X868 SLC3M16M B K H (PC) TR2SMAHF %, x86FR 2K 4484t (Instruction
Pointer, IP), p Fx86#ys ik 2 AR 320L/Y, BTLAIPH 77 85 hAd 320,

4 KREFAR

5LC-3@N, Z. PAAIIMALLE:, x86% I ILAISF (sign flag) 77 #F1AIIRIZF (zero
flag) #7723 . SFRIZFRIZHEES BIXFILC-3MINFIZE M. Ex865% . @A FLC-3RIPRMIDEH



360 M RB

H#fEe. Wk E, PAUBHRLRZLAN, BAMRMENTMZNOE, AARME TPHME. B2,
ATHECRBEFARNKIESFRE, RNTRHXOEELCIMHSES,
3t 0
e et @p): [ ]

15 o
FLacs##% [ | | PRV [oF[DF[IF [TF[sF[zF] [aF] |PF| |cF]

15

BHEHE (BHE) cs
ss

DS

ES

FS

[

EB-4 x86RHH 17

Bk, BRTNAIZEASE, x86:EHU T ESMILREN RS (flag), ENBBREE-T£%
FLAGSHI16{47 6% 7% (FLAGS Register) 1, JfbrEfinitic, 2REEAZE.

CRiREMAF AR Z A E— A HKAG L P EMR G (carry), TEaZATADCH AR & iR
FIfy, CFRTFIEMEARNTTLLS AR 154 SME KB AR,

OFfRAEN A F AR _E— /A4 433 7= 2 048 HH A7 R 00 B O 2800, BIOFERE TR IR R 4 o
{2 (overflow), £W.2.5.3th% XukHMI+iE,

DFfREFH S IER 5 @ (direction), #1DF = 0, F/FRBIEMM AT TP 40 (B4
FHE, BRT - HEREFHOREREMRN) . MRDF = 1, WFHFRBIEM R FHIF G
(BPF R R M)

H5h, BEFNEEABINA BT ARFREWOIREN: IF (F85) &EMTF (BA) 47
o WEMDRERAIZRRER, IFRZHEEAS.STIMIKBSRFIDSREF 775 FHIIE (interrupt enable)
FRERML. RIF= 1, HIARVFACER % MM (EbanB A ). MRIF = 0, SMEHBTHT
& T YATTRIHER, RITKRZA “PEXAT RE,

TERREFILC-305 & i) # 9 # X (single-step mode) AEW M, ANEHRHRTF, R
AN ERTHSREL. WRTF = 1, LEBEFRTE—KITLZE, REPIE GEBA),
EHNAFTUBRERGERE. MRTF=0, LEBRABGTRBE (rap), ShEET—RiFS MM,

S BEER

ERP MK (protected mode) T, 4 HHHAAMALTE b LRI LA B HALH—
MR, TiXB AL 3t B K R A A B (segment base register) Fifa. BELFH
BEBARAHIEH (data segment descriptior) LHIMENFBZ—, i “BHEAH" LRKEHFRK
FE “BAEM A" (segment descriptor table) iy, ZEFEREIEI, FiAXEB b A AMRL T
HREM, BNIHRKGHE (CS), RHM (SS) FM4NHIEBE (DS, ES, FSFIGS), ANMERD
Besy BB EB-AFR B FAE BRI, KR FFE D, AR N RER TR,

B.2 x86iE< MMM

LC3R&MIRBERBEEMICH., Heh, (1512 RIBIERD, £ TI26008& LR IERE TR
[ENCH
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X864 4 MK BERABER, REMESHTRMFHKE, Fifi—/x8614 TLARER
2158, EB-SHRE—x86IFAMIKK, BESREHISNFY,

KEHO~4F%
fprefix (%

FAEHO, 1, 2% TAERO. 1. 2
4?5?23}1331}2 RAF i L E
#, HmModR/M %, Hiopcode:
FRNFEE BNEHRE

(R%B-5) (R#%B-6)
EB-5 x864F4 H

X864 IR K BE S £ RIEMFIModR/MES , RIEME X T4 WBRIEE,
ModR/MFHiRIHLE T 4nfd RS IR HRIER . ModR/MFHiE L T FHEBIK, ERMFHFEBARE
B (1 2845%) . AXRFEBORKEER, BRGEINSIBES S, SBEHIEBR (MAE
EMIE) MEBERAS PModRMFH G,

FLARMERD R ST AN RRIERY, HHLE T 454 b R BB FT50. ARAE7ESTANSL,
WERI AR RS HIRE .

85, R4 HEELT miabA/D, BIEHR/DN, FERNBRSRIMG L. MRFIREX
LBRIMEE, TLLEE RS ABEM— AR B DRE (prefix) MR, REFZLBMIAEL
s,

TFEHTEB.2.1~B.2.64, FHRIHEx8615 4 MR A TR,

B.2.1 W

B (Prefix) #ETATFHSLCEOBIMEE, ABELAK, RBKRSSROTA, —
HARAHIRTRRK B TLURO~44, BB, ATSUES TEFE L (BTG, MiZE TR
HARBR,

ARRTES WRYESES (lock & repeat), B (segment override), HIEHEH (operand
override) Fuisht W (address override), FB-4/Z4FIATERMIIE4RMA .

B4 xB6iHSMUBOWR

WAL/ (Repeat/Lock)

xFO(LOCK) LRI RE LRI S TR 2B EEAT AR E
(BN )
xF2,xF3(REP/REPE/REPNE) MBI LTS (MTHRRERS) TER
7, BEKBMECXHHFBHE, B4, BTUEEILE
R EREZFRE S L

B (Segment override)
X2E(CS),x36(SS), RSB ER S A ER (TARRINR) DNF
X3E(DS),x26(ES),

X64(FS),x65(GS)
HIEREB (Operand size override)
x66 R SRR . BiER, mRRARIERES
323 WIS, T LLE ofide. M
HE, 16H 3R e 4t FTLLE i AT SR B 1 3260 B




362 HRB

(5%)

Hehit W (Address size override)
x67 RSO BIE A D, BREER, Bk
Sk BE 326 B BB U I & FTUAE R 166 dbE . RIBE,
BRIApE B L 1667 /1R 4 th RTLABR 32 bk

B.2.2 #R{ER

HIEW (Opeode) FB (IMF2MFH) METHSDREREHE. RIELFBRELTH
LHIRGRIEDRE, DRBERRANFETRFFEFHD. BRIEED, RRERRE R
BRI EER.

FHERIEDTER FIModR/MFBIALE , ANRIER T B FIModR/MF B [S:3) & FE— R HI KL iR
TS (48R, HMModR/MFBRAFREMIABAFEEL). HXModRMTEIIHER, $RB.2.31,

B.2.3 ModR/M$¥

#NPEB-SPTR, ModR/MF BRIEFTER 11 2 RIERM FHRRFL, MEHRLSBER
AR, 2K P—AATRENTE, H-NTREFFRS IEWEVEFHERH, MR
TE—N RS, WTREFFRLATRLNT, BidModR/MF B (R/M=Reg/Mem) HIFRIA,
LA %R A 5 SRAB AT LABIR B

ModR/MFBRTLARI Sy AFiHRsy, $orbr, SB—5y 7 61R2: 01 AR, 3 8oy (53U AR

ANR[7:6){ = 00, 0110, HNESREF—HRIAATFRIERM I AKX, E1[7:6]F0[2:0]
HAE—RISHL, AT AEHFABR, MRT:6)L = 11, WRREHNFRER, H(2:0)
fERFHIRE— 1 HIF B RIER.

MRS EERNRIER, WSSERRS T RERNFERRS . ORES AHE
RIS, WIS A RIS FBIRAN RS (sub opcode), MR s 1ERFBARTLME
I8FES, S RB.22WHTR.

#B-5F% T ModR/MF BRI E XL

#£B-5 ModR/MFEEHEITF

Mod Reg RM Eff.Addr Reg &7 X

00 o1l 000 [EAX) EBX EAXB&MRNFRIERMBE, EBX
RETRBIEN

o1 010 000 disp8[EAX]  EDX EAXWZERE A P RBRFRMM,
KA NARIERRRAE, EDXBEHFS
HRIER

10 000 100 disp32[-][[]  EAX #HAFY (3211) RBRFMSIBFBRE
RINZARAN, SRARA RN RIER I,
EAXA 4 17 SR 1E 8

1 001 110 ESI ECX MRS TERAF M RIERBR A F R

(fESTHIECX), fniiE4 ATEE—/#iE
#. WIEAESIH, IRZHA001(bits(S:3DE
HE R TR




363

MLC-3 £/x86
#B-6 SIBEE (F¥H) RABTF

Scale Index Base Computation & %

00 on 000 EBX+EAX EBXPA % SEAXAMN, FHHmaILR
[FModR/Mii & IR 2N

o1 000 001 2 x EAX+ECX EAXR25ECXAZ4MM, F 5ModR/M
wEMNERM

o1 100 oo1 ECX HFECXP % FIModR/ME5 Z RIM 24 I

10 110 010 4 x ES+EDX ESI®45EDXWARMM, BY
ModR/M#5 & I 24 0

B.2.4 SIBE¥

ARG A RIERLE L T MATF IR BIRES, I ModR/MF BHRE BRI FHLRGR, EIA X
RIEBORAEA ISR, B2, ALIAEREH TModR/MFBBTREE LITEH, A4 iXH(E
HMEL (MEB-SHEINFT) THBTSIBFRIFL. SIBFREXLT —HEREMN “HLHi-
#5|-#4t" (scale-index-base) HHAR, EB-SHARILHASY., RoIFHFRMEL R,
SIBHJIFE AR & “scale x index + base”, FHibaseFlindex fLiF A0, scalefpif K1, FB-6&31SIB
FEAHR .

B.25 R¥E

MRModR/MFBAR WMot H R B ERBRE R, D2 MuBRk (TRREL 284FY) &
AEEELRHESD . WBRHSOEEFIY, HREDIMdRMFBEE.,

EIB-6FT R4k T A (il FH5 4 M F A MR R b iH R B, ATEx26RETREHFE, W
HHEEAESE ., KR —KAFRIEMMEF R BIERMRM (ADD) BRIES, HHModR/MAT
SIBFHMIfE R, R TATFRIERIAL SRS S, AISIB (scale x index + base) HAtfnf
# (displacement) MIFHLHER, HPRBRA/NDEINTY (Mod=10), Scalefdh4 (10), #5l
HIFBRZEBX (011), #utF7F&REECX (001),

Prefix Opcode ModRIM siB i
(00100110 | 00000011 | 10000100 | 10011001 | 32bits |

ADD dspaz[l(l EBX " 4+ ECX
mnm 132, m32

32 bits
EBX disp

ESBEN# 7%
| ?
(’ ADD

|

ekt
EB-6 “Base+Scaledindes+disp32” FALHE AL T %




364 KRB

B.2.6 A%

ZHRI AL, LCIRI R HRA 1 Opoode imms
/NS GILI R 154 Grinsi(S:51=1), [FIRE, x86fy [ 100000TT | 11000000 T 0000GOT ]

RHLEH A T RASTIY, MAEORE, MRBED  jmosoms  EAX s
SRR — RN, LRGSR =53
K, AT ERT IR, B, iS4 R0, o ®
LA, 28E4F T, hTRIEREN X T i

BHTK/NS, T S BRAE N4 o Y S ED B s SEXT
WL TEAHRIERANED, 7RIS B H 2 A, eax 2
LB B R (sign-extend) M5 RAHG R 5%

#/h, EB-TE7T/EADDiE4h (ADD EAX,$5),

STENBIR R, B S RATABMLC- 34 DD
#8ftl (4nADD RO,RO#5),

B.3 @IF O

BAVA—A 0 F ok BEEEA W, FERRIES FB-7 x864 : ADDEAX.S$S

4R, BERAMTH S AT, HFRRSFSHR, 5-ACRF, HRFHNNG
FERHKREFE, EB-SFRTMUIEA FEMCEF, EB-ORT T CHIER™EMSLEHEN
LC3LGHIER . MB-10/R7R T HIBMILE RSO RIBE . H T Tiktk, RIVRRHRLC-3H
XBORYILHiE B BT A R HL BT,

#include <stdio.h>

void UpcaseString(char inputstringl(]);
main ()
char string(s];
scanf ("¥s", string);
Upcasestring (string) ;
}
void UpcaseString(char inputstring(])
int 1= 0;
while (inputstring[(i]) (

£ (("a’ <= inputStringlil) && mpuestriagliy <= va))
imputstriag ) inputsiring(i) - ( A

EB-8 KAEFHHBBF (CIESH)

}
i uppercase: converts lower- to uppercase
.ORIG x3000
LEA  R6, STACK
MAIN ADD  R1, R6, #3

EB-9 K/NEFHHBBE (LC-3HK)

© R I (RERMM) MK A CSIENIRE" ERAMES, WE R TS L F RN
WA 2166, 867), FHEFREEHS PRI & ROKRREE, —iF#iE



MLC-3 £/x86 365

LEA  R6, STACK

MAIN ADD  Rl, R6, #3

READCHAR 1IN ; redd in input string: scanf
our
STR RO, R1, #0
ADD R, RL, #1
ADD  R2, RO, X-A
BRop  READCHAR
ADD  R1, R1, #-1
SR R2, R1, #0 put in NULL char to mark the *end"
ADD  R1, R6, #3 get the starting address of the string|
STR  R1, R6, #14 ; pass the parameter
STR  R6, R6, #13
ADD  R6, R6, #11
JSR UPPERCASE
HALT

UPPERCASE STR  R7, R6, #1
AND R, R1, #0
STR R, R6, #4
LDR  R2, R6, #3

CONVERT ~ ADD  R3, R1, R2 ; add index to starting addr of string
LDR R4, R3, #0
BRz ; Dome if NULL char reached
10 RS, a
ADD RS, RS, R4 ; ‘a’ <= input string
BRn  NEXT
LD z
ADD RS, R4, RS ; input string <= 'z’
BRp  NEXT
LD RS, asubA  ; convert to uppercase
ADD R4, R4, RS
STR R4, R3, #0

NEXT ADD  R1, R1, #1 ; increment the array index, i
STR  R1, Re, #4
BRazp T

DONE LDR  R7, R6, #1
LDR  Re, RE, #2
RET

a LFILL #-97
JFILL  #-122
JFILL #-32

HB-9 K/NEFHEBREF (LC3K) (5)

.386P

.model
_DATA
$5G397
_DATA
_TEXT

_string:
main

_main

FLAT
SEGME!

DB ‘487, 00H

ENDS

SEGMENT

s =

PROC NEAR

sub  esp, 8

lea eax, DWORD PTR
push eax

push OFFSET FLAT:$SG397
call _scanf

lea ecx, DWORD PTR
push ecx

call _Upcasestring
add  esp, 20

ret 0

ENDR

; The NULL-terminated scanf format
string is ‘stored in global data space.

; Location of "string® in local stack
; Allocate stack space to store "string"

_string$ [esp+8)
; Push arguments to scanf

string$ [esp+16]
Push argument to Upcasestring

; Release local stack space

EB-10 A/NSFIHBET (X86/)



_inputstring$ = 8 ; *inputstring® location in local stack
“Upcasestring PROC NEAR
mov  ecx, DHORD PTR _inputString$ [esp-4]

cmp  BYTE PTR lecx],

je  SHORT $L404 ; If inputstring(0]==0, skip the loop
$1403: mov al, BYTE PTR [ecx] ; Load imputString(il into AL

cmp  al, 97 ;97 == rar

31 SHORT $L405

cmp  al, 122 5122 == vz

jg  SHORT $L40S

sub  al, 32 ;32 == var -

mov  BYTE PTR [ecx], al
$1405: inc ecx 5 iee S

mov  al, BYTE PTR [ecx)

test al, a

jne  SHORT §1403 ; Loop if inputStringli] I= 0
sLa0a: ret 0

_UpcaseString ENDP
Ttext  ENDS

END

EB-10 K/NSFRHEEF (X86/) (4)




BIRC LC-3891M4E5H

AP SR F I P RATEG, RSB O0, BRIFS MR AN F L LOE
RETHN, MxEHHRIZAMMERE, RH—AMEH (microarchitecture) FHFETRH.
BIES, MRS EEMLEE SHRAENED, NRSHRARNZ THRAELI. MEH
BB — A5 4 R A, SER— RG4S HIFTA L GRIE, ARRULC3AHF,
MBLC-3MEEM KM T th 2 — B KIAY . FK b, MR S RIHHAT. R RE
HRARHESHES, CEBHATTRBOEE. UL, FHEXEH0 THERER T RS %,
CEENB T MR ERPITLCIME FELH,

C.1 #EiR

MPEC-1FR, HIBEMMEHSEIEASKEN (1SA) PREEMR MRS . KEEHS
BT S5HACEMENRARYE, fikd BURERAGES (FERRMED) ™4 ATFHH
WIREROES, B HET RACERTE CHEME HOCREEET, AEHSER,

XEFRA “ERT, BEEEHAANA. EHRLRES, RIEWIH 4 AR
(clock cycle) h#fy (FiARRZLABHEAE) tHREE. —4FMKE (cycle time), BMAMME
kiRl RRR . 7EA RAOMALE B R, — AR EAZR0.50s, HmiEl, SR04
BHEEL, FEHFE, RAOFRIZMALERE M RIEREL2GH,

EBMFER ARN—REFEIMEAAMA, HOMEHES (MEC1HTR) ERHERE
ABRMEE, HEEE T B EMNEEESE. HP39ME S G YA EIEER, 10
MES AT T A S A

HE, BHESHEENAFRER-AWEL RN TE, ROER, EREE "HE"
(vacuum) SERLAY. MR, BE— R EARMATE AT AROEHRES, BRTUTHSEE.:

(1) 247H sh AR TIERE .

(2) EFEHATHILC3HE4 .

(3) EAESfTRFORBE (privilege),

(4) ImRAEHSRBR, P& (AEXKMFDOE) RTHE.

(5) MATREH PR AW RPWTALERE,

(6) 2R 4 M FI7EA AN R & REsER.

UL R EEIEEC- 1 A ER, MTHR:

(1) 247kt h 361057 96 104 #2 il 5 2J(5:0). COND[2:0]F1IRD,

(2) #54H@RERFER (inst(15:12]) g T RAERIES, Minst(11:11)E00FE TFAEHK,
#ISRFUSRR Z (8], ZG{ERAR, ATt FRF ARG &,

(3) PSR[ISIANALE B R AHF A BPSRAIbIL15], #RIAT YRR AFMHSITARR (privilege)
AR (supervisor) TR FH (user),

(4) BEN#57Bké¢ (BR) REHHhAT.

(5) INTERSAAAN R ER L BATHR R R EHAINBILE, EEHRBS .



368 HRC

(6) R (Ready) #RAFFHRIELER.

IR[15:11]
INT R
BEN
J 1 PSR[15]
{ . 37
A
RHIET

49

10 39

(J, COND, IRD)
HIC-1 LC-3f Aty EEM

C.2 W&

E—AEEMBEEMA, LC-3MEHMTHE LRI T EHIE SO MIMIE R
(HPinst[15:11], PSR[15], BEN, INTHIR), mEC-15r. RIEMEit, KPH30M261ES
Pl AT MR BB AEST, T BIMOMES GIME RN, Yo TET— i shE MM EHifE S
FEZRAT 2 PR

RAFRIKAOMEHIE B L TLC-3MEAI ZIBHLEMAIRS (state), ABABRATATLARFLC-30
LHIMIFT AR H— A H A (directed graph), ML (node) %L (arc) ML, Kb, Hip
BIRHRE T BARE, ERFETA - REEBHT—RE, ROFIE—TKEHRSMN (state
machine)

EC2RLC-3 KB B APREE . RESHE T HRHLZTRE, S MHEMARY (&
%) BARE, BIREAHE—ARBEAY, K2, S HBRAMNEARE-MRES,
BT —A BRI R E T — M RE A, WLk, BORENMR T — M54 MFETCHR A
SF4E, BS (step-b £ ycle-by-clock-cycle) #i#fEH EHRATRMLLR (Mn4.2.2
FiHiR ), BT —FEASWNTESHLAREEM, BLUEA 1 AR B 20T R b 2
WEZIRE (REZHIE STHARBREMY), HEMRESE B b BIRE Bk seam.

Wk, RIEB—TH4EFHNTBORIES (FETCH) %1k, B4 RAMFHHE—IRL
&, BRIZMEPCIFMILFMIES . B “RE18” FRIERE, HPCAZREAMAR, [Fi




LC-3 854454 369

PC+1, ATF—ABIE4ARIEMT NS, RIFREREFENEINR (INTHRE), mREH P8 K
sk (INT=0), MIEAT—ARE (33)  mPAFEHRK, WSk EHURSRF (2RC.6%).
®

MAR <-PC
PC<-PC+
1

@
Tos 01 BEN<R[11] & N + IR[10] & Z + IR[9) & P
wmc7 e [R[15:12]

o,

1 o
DRe_SR1:0P2" s o m »
set CC 0/ LoRy [ |sn \sTR \sT
7
To 18 s 22
DR<-SR180P2" PC<-PCoft9
set CC
12
set CC
a
Tot e A7<PC Tots
MAR<-ZEXTIR[7:0] WR11]
1 o

s :

=)
— :7@-4’(: 29
\30/ [MDR<-M[MAR]) (MDR<-M[MAR]
A R R R T018 " PCoBaseR

To18 14 >
DR<PCvoft9 MAR<-B+oli6 MAR<-Bsofts
setCC
£ 3
MAR<-MDR ) ( MAR<-MDR MAR<-PC1olff9]

23
MDR<-SR Bsoff6 : Base + SE)

MAR<-PC+off9)

EXT]
36| PCom1: PC + SEXTioMset11)
MMAR]<-MDR
: cors tn sz
R

To1s

EC-2 LC-3RAH

EHAREIBZAT, RIVEMBE— TIZREIORERLE, WHH2RA BB SREN
HERISHII (MARIIMT2%F) 7 BE— FTEIEFHRRENNGE, FEBTREHL
A RS, TEA N RiEEREBROFRERA. LC-3 ISARAS2IRE,
BIC-2eh 4R T P RI314Y, LIREARRBIL (RES, 137049) RIfEE, EC-TERET HMI18
A RS EEC-210i5E . MTERER (T/FR1/0) RAANFARMERL2Y, FUS2A KR
FRERETR. BC2d, BAMNAFHAMGSRIME (0/1) REERMHBIK, m "R



370 HRC

18" PR EEEZ010010,

BUEEFIREIBLERUGMH R, RIIHEH SMBIR & W REIER, WREBHEBEREI.
FEREIN, HTFMARF I BONERIGHEATREAE, FLAMMDRPIEH B ARR L
4. WHHRTE-EHER, FUZRETHNRT, EERKE % AAFNUR (Ready) 55
(FoRPM#FDFSER), BIMDRENA K EMARFHER AT LTHAE. TR, RENUEBER
&35, WFMDRAIIIEA BFRIMBERSHHSR (Instruction Register), XA AW+ “B
147 TR,

GateMARMUX 7\

FEC-3 LC3¥imisk



LC-365443 4 371

EEREISWEESE, ZAMEERSRTERE (FRES RIS ARG~ K
&), MEPHERES (T ML AMHE—TRE).
RC-1 MIBBBEHES

&% ik

LD.MAR/1: NO, LOAD
LD.MDR/1: NO, LOAD
LD.IR/1: NO, LOAD
LD.BEN/ NO, LOAD

LD.REG/ NO, LOAD
Lp.CC/1: NO, LOAD
LD.PC/1: NO, LOAD
LD.Priv/1: NO, LOAD
LD.SavedSSP/1:  NO,LOAD
LD.SavedUSP/1:  NO,LOAD
LD.Vector/ NO, LOAD
GatepC/1: NO, YES
GateMDR/1: NO, YES
GateALU/1: NO, YES
GateMARMUX/1: NO, YES
Gatevector/1: NO, YES
Gatepc-1/1: NO, YES
GatePSR/1: NO, YES
Gatesp/1: NO, YES
PCMUX/2: PCHL ;select pc+l
BUS ;select value from bus
ADDER ;select output of address adder
DRMUX/2: 11.9 ;destination IR[11:9]
R7 ;destination R7
sp ;destination R6
SRIMUX/2: 11.9 ;source IR[11:9]
8.6 ;source IR[8:6]
s ;source R6
ADDRIMUX/ PC,BaseR
ADDR2MUX/2: ZERO ;select the value zero
offset6 ;select SEXT[IR[5:0]]
PCoffset9 ;select SEXT[IR[8:0]]
PCoffsetll ;select SEXT[IR[10:0]]
SPMUX/2: sp+1 ;select stack pointer+l
sp-1 ;select stack pointer-1
saved SSP jselect saved Supervisor Stack Pointer
saved USP ;select saved User Stack Pointer
MARMUX/1: 7.0 ;select ZEXT[IR[7:0]]
ADDER ;select output of address adder
VectorMUX/2: INTV

Priv.exception
Opc.exception
PSRMUX/1: individual settings, BUS
ALUK/2: ADD, AND, NOT, PASSA
MIO.EN/1: NO, YES
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(£%)
&5 il
R.W/1: RD, WR
set.Priv/1: 0 ;Supervisor mode
1 ;User mode
C3 Himle

“BIREE” (data-path) RAGE—MELAMN, (§ECEFSRBGFABEGSR, B
ALEAL R {H BRITHRER T (function unit), #H7FE (WIS KM TERACEER), LIRSS (bus)
AL (wire) (FERREMOE BT LAFRER). BC3FURIRLC-3RHRIE ML T
B, FKLERES-IH—TRR.

TERBRER T, EERL 5B HENEHIES. MALUKRES (335 LR B2
U ERORALUSHE, M5 0E T E—/4 AN E B O R A T, RC1FIH T35
B b & BT HIGE S RAARBUE Ch TEFIRS, RIWRRNERENTS L, TR
RIHEMZHSBIE) . B, ALUKB2MEAR, WEHIHTRIE. ESEra/Emn, 1A
MR BT ALUB T 4RI E%5 RADDERAND, NOT, 7ReSUR M St A A Hil 3
ALUSiHSH: B, PCMUXHR B2l B4, BRET 2B X (MUX) MBARMAS,
W—A g T LDPCUIR ILiEHfES, BR{EO (NO) HI (YES), EHET HATMEALN
REFEBHOPCHE

FER A B0 A R SRR — A “HRPRE". 39 EHIE SR 24 AT B AN
BiH SRR B R T, 76—/ BRI P B R B R BTET AL R AR, anREM AP HAT
RAFHERN

C4 fhisgssm

— AR PR EIRE L. REHL (EC-2BTR) Y& TEA AN
MRS hifE S, XSy St R EIRa %ML IR, HRERFEHIR (control flow) M
LRPRES T — M REMKE .

BEC-4FRALC-3M4 I3 M9 . 1 B0 TR RB ARSI, (BAKSEI N BHH R
B0, BEMTRERE, RRTRHHOSEZE, WiEIARSONRTER,

BATEFAIR—FE BRI E MM (straightforward microprogrammed) %#%°. HiF7E(L
BRET, #HISFEIONMESREHBIRAROER TE, SMOTATREF—TRE, R
45X 495 SR A YRR D MAE 4 (microinstruction), HIEYL, & RMITAHIT BRI
GERPAREHA— M RE) o WIAEFSHIE M ESH — A% AR R 8 B) “$2HI7FfE” (control store),
FARAFBOX B ERAE S b BT R REERR 490, 1 HIAF R LA S2 TR R B TT
HEAREHAIS2DFERE, ZhEkRE, FE—6-bitkiibi kbRl —£MIg4 .

© Bl “EEMAER" Kk, REMESWE O MRS, 52 RN E HE R
" (indirect) R “SRWIRS” FHk. W “AHEGE" REHMIES POBHOAE R, BRiT—
REOA G EEHES (WHZE, R AR~ MEBIEE) B SR ik, MIRSHR
LRGSR -, SRR NNRIEY TR, —iEFiE
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i

INT R
IR15:11]
l l BEN psnu&]

RS
{5
il
285x49
49
WS
10 39
(J, COND, IRD)

FIC-4 il MR KT . S
®C-2 WFIIB/EHES

fass e

J6:

COND3: CONDO ;Unconditional
CONDI :Memory Ready
COND2 iBranch
COND3 ;Addressing Mode
COND4 Privilege Mode
CONDS sInterrupt test

IRD/1: NO,YES

KO, RUEREINT—REMI0-bidSHIZEE, REFTRMMRIE, HiEC-SREFT
# (microsequencer) AYIRIHZH, MFFIBMOESRET LATHII0-bIHSHIILE, FERENH
TAEBRE, QBT —REFTX PRI IIT S AL,

Bilgn, EC-2REHA “R&E32” HLIATREE “T—RE", BRETBIEFHBE—MRE,
FEARRT HRTEARIES . ZREMESE W (DECODE) T (MP4RAR), #AZ
REBORFIZH B DREXHAOMIES (RFH—HBRIES). WRLRTMIFSHIIRDE, (B
HlfES) &1, MPHRFFX (MUX, mEC-5) WK S/L66HA (BH “00” figs
IR[IS: 121X 44 41 $e i R AVO L) A3kl . H 9k b, IR[1S: 1213 Fi M9k R 24 BT84 MO IERD
(opcode) Bt (RILC-3MYISAHBIR 4TI KE LSRR, APt S R AT HI7E b ok
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AHI6FATRE, RUE T 4ATHACERILC- 34 & ROBRIERD, 17 i S0 T — Mbib# X 16711
fkz—, sy BIRERISARIERDHN LA R M0 AR IERD (BDIR[15:12) = 1101), BDiFiE, R&32
ZREMT-REATiER X6 REZ—. BIRLAADDABI, #TFADDH4MIR[15:12]=0001,

FLAE MR BB B T —RERRZREL,
COND2 COND1 CONDO

T l 1
1, T 1 il
INT PSR[15] BEN R IR[11)
R A Wi | saER
Js) 4 5] rel awn | o
6

6

00.R[15:12)

FAMREM A
EC-5 LC-3ffr5ias
Bl TFHAEE, YaTH4RIR15:12) = 1101 (B) “EZH4" (unused opcode)), M
S EREVBHHEMMIES, MIAHER—A “dk (illegal) 4" (RtkAT#R,
AE%C.6.3%),
R HIBRE R FORUT 5 B A5 S RERC-1ANC-29 5, DR, SRI, BEN, INTAIR,
ENHERSMZ AL, BC-6PTRLEMRIESDR, SRIFIBENRZHHEH,

R wR11:9]
"o oR (B8] sar
m 10
RMUX SRIMUX

o
) b
o)
iz
' =
<)

FC-6 {5 5B ARAIM MEEH-
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INT{E SR MNP A R0, BRBARKIXNES, REFWEESTORF, Hiik
TR (R MRS T %R, ERES T, EHREOTEREEREENEE, X
HUHIRI R, BEH8RE, A XM T HRMOESH R, &%C6Y,

RESR—-TREEES, HAFRNE, RIHZESOHAM, EEGLCIRERBIENT. BH
WA (RS ) Bidaont sh RIS A A oE, mi N7l KR (ready) %538 MPafE il
SR BENFUAMERESN AN, IB2EMARR AL, AEHEMNELHREADIES 2,
TEFHESAAMZIE, MRS EEAMDR (&, #it4 ik RREADRIEN LI HERIRE
“MIO.EN/YES™ #1 “R.W/RD®”, £RLEC-3),

EfL—FC2YhRIRA33, EMHESRBIES (FETCH) #fE, HIEL A TF I ERERIES .
BWAIEY, REDBEHBE “RE3S” 2T, ERERTSK. EhEA b EA M i
R —UREHL, FILAFEMDREEERK H MARSE E N AFREAL W0 F RO 2 3T (RIR(Z S B2 A7),
AT Tik “RE33” WRRATRING], REISEMASESS, RAFMDREYAE BB F IR
FRS. B TFRFHRNERURRENS S, IR SR 1ED BRREIIAREISEH
AMRE (TAR—1).

RfE% (Ready) WItEMRFRRAFEIFRIENHFRIT. AARGATFECREFELAA
RESER— R (ENSABEEEM) , BILARGES & AT U3 s AEIC-2F7, MR 4 it
HEAMAEERIERA TR, WTF—MREPARRES (GBak100001) ; METRT, MEA
R3S (HoAE100011) MEC-5HR, ART —MREMIER A TR, & HREF7I38 TR,

LURE3IAG, ERE33D, FUF58 10N 0 T«

IRD/0®  ; NO
COND/001 ; Memory Ready
3/100001

HBLATERAEVT P28 A B T — MR A BL%R AT 2087 TERA3INTRT4N BT
o, BTRESHET0, FLLERMT ~MREMILAFL 100001, HIFBEREIBBELMGT.
EHSNAM, MRR = 1, WT—MREMIFTF100011, HILCIHBEREIS, HH, mMACS
B, A TikR{E Sifiid, CONDO~2L4ii% & %001 (BIRZ4MAAZ—HIHIA5IT),

C5 MFEmMSIO

HESTHTA , LC-3illd MAFBAT/O L RAZHIMA /M, Lot R, RASESHE -HI
BIERBIES, RESHMAMNH RS, Ak, LC3ABTREFHFSMIE T - ibht. HXIR
EHHMARNRIER, ERMARES, loadif &MARIBAL R A REOH/E B A, BiHRME
H, storef & WA kL R A BIAL. Bitn, BIC-2/F fREB2SMBAE, RIEMARS ik
P17 % FxFE02, HIMDRPAZ % FKBDR, loadif A M5 AR BHTHI B A 777, HIR,
ANREMAR e aE R PRI N TR A, WIMDR A2 3k B P 7F L BEHR £

R AFRIT/OM A, MEC2HRIIRENIAREMI 285 %, BE, RIPHA

© MIO.EN/YESHIR W/RDIRIARI& LR “MIO.ENf& S = YES” 1 “R.W{¥% = RD". MF2ZGMREMS,
WRBEFRB 2%, FTLL MR B, MRS &, —FEE
© [E#. IRDOMELR “IRD=0", J/1000010IfF “J=100001", —iF&ik
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BEIR— TR, MBI AMBRATEHE, LRG0k &HFTEC, KRRECIFIR
st 1E R BT TAE
H®C-3 HAHEHIZRAONER

MAR MIOEN RW  MEMEN IN.MUX LD.KBSR LD.DSR LD.DDR
xFE00 0 R 0 x 0 0 0
XFE0O 0 w 0 x 0 0 0
XFEQ0 1 R 0 KBSR 0 0 0
XFE0O 1 w 0 x 1 0 0
XFE02 0 R 0 x 0 0 0
XFE02 0 w 0 x 0 0 0
XFE02 1 R 0 KBDR 0 0 0
XFE02 1 w 0 x 0 0 0
xFE04 0 R 0 x 0 0 0
XFE04 0 w 0 x 0 0 0
XFEO4 1 R 0 DSR 0 0 0
XFEO4 1 w 0 x 0 1 0
XFE06 0 R 0 x 0 0 0
XFE06 0 w 0 x 0 0 0
xFE06 1 R 0 x 0 0 0
XFE06 1 w 0 x 0 0 1
other 0 R 0 x 0 0 0
other 0 w 0 x 0 0 0
other 1 R 1 mem 0 0 0
other 1 w 1 x 0 0 0

RCIFRR “HLiEHZ®" MEEE, £FTid)LA: (1) MAR, (2) 4a7AMIR
KRANFERIO (MIO.EN/NORRYES) ; (3) FifyLloadiEstorelfE (R.W/ReadskWrite) @
MAES. &, EAFRS AT, MDROMERKETIURLL F442—: WH. KBDR,
KBSRFIDSR, Hiithhk #5245l i {5 HINMUXFF L BMA R, R, EAFRIHIRT,
MDRIERI B AR 4% AP, KBSR, DDRFIDSR, #hiih#5 % b 476t T %4 B4 sk ity
{EfEES (AIMEM.EN, LD.XXX),

C.6 R HES

HRLCIRENMIBT—DWAR AW, AIRE=A, hEHER (RTHES) Sk
AR (ENFA SR R =R 0L) . X BATRASR®, Bir SRR ohR” M “dedkfind” &
BAF¥E . BCTFRRMXMREIMR, BCSNRBEIT T RS # BB 2 FHITE

BiRERE (2%EC3),

© WBE: Bt AFHN LW UFRBRIENHRRNFTRIORE? FRELH TARMBIG? FRE.
“Heh#EHIER" (ADDR_CTRL_LOGIC) MRS (REMER) Lo M RIOBTRRERA
RS (ARG IL) WS T— B “HiE" (EN) BHES, hRRRIERFEGHE
(CS) ®ffkmt (CE) 5%, HamMAmMEMENRES, SRR DMAMMI LHERESHERRRILE
HILSEREY, BAHMBENESHAMKRT, EAFSRRREARIE B3 %8 SSAHE,
ARESREE T— SROMEEWRAT T1E. R, FEAHMRAN, BEK, LCIMIRTHEBEMBBNEIZ T
E—RMTH-fR, BANMESR. BN, —BFiE
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Vector<—INTV.
PSR[10:8)<-Priorty
MDR<-PSR
PSA(15}<-0
(PSR{15]

g

Vector<—»01
MDR<-PSR
PSR{15}<—0
(PSRI1SI]

EC-7 hWHEHRAILC-3REHL

C.6.1 HEER

BN RS, SBEAE (B & HAY) ATLAF=A R SR, AT B IE % 15 4 AT R
1, BN 28 AR 4% 22 AL FR Tl SMARER AL i B P O AR 1 S R TR R I, EIBRZESHE A4
iR, SR R A R SR T IEEATRAFROGRSE S, WIINTE 5472 BLH #0 2 A o O 2 B
FAINTV, (HAEHEXMINTIE SRIMBRA “/B3)" (initiating) PWilRSER, MLEENHRE
KRR (supervisor mode), FFHF 24 i W dEBRRUPSRANPCIR A A SFBUEAR (1457 “FEAR” 8
16), REHPCAZB BN FWIRSBFMA Db, 8, WIRAFMPSRAGE T UMERE (K
HE) RIBRERBIAPSRI1S]), {RSERPSRI10:81LAR & #HFIPSR(2:0], XA RMREE, YLHBEL
FAEWCEE, KRR, LAUEPSRPAX M BHRE T ERMEIE, FUABEREX

8.



KRC

'
KBSR

L i
T
: [N

o .= SR R

INMUX
FC-8 LC-3R il B e S (L4 i biihl)

FELC-33 &4, B h Wi RIEMEC-7O b R ISFURMIAEE, HHPCARRA.
MAR, PCHR /G, BUINTIESREAZ (WRINTHZ, WEZ)HELR),

REIBRLCEEREPWNE—RE, AERBISDA PO REREL. LC3HS—LF
BT, WL EHATSE (BMERRINTES C2H ) . AR fEfk A AT 8 th AR ALFR oh by
(IN7E&MREREINT), WERGHEBLERE RIS ITHFERE (RER). Eifi,
AERFISRAEINT, LaTH4 AR TR P ik (K4 BRMFETCH) , A& )24 5 AR
A, SERK R I BEh TR,

B, WFEREIST, #HI{§S (CONDS) WIERIEA 101 (AnFC-2617R), BIRKFINTIE
FHRASIT (AND) B5TF R R, RmiEd, mTFCONDESERRETHRE

© RXHPREC2 (FTRECT), —F&E
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ARAREA 101, FRLAINTIE S KR AT AR e,
FEREBIST, WOFFIRAT 10 HI L RE 0T «

IRD/0O i NO
COND/101 ; Test for interrupts
J/100001

WARMMINT = 1, M EABFANDIT (EC-SHR) M1, MT—REMBIESY
110001 (BP4RZE49), i 2Z100001 (BI4RA33), RESUGHIT B RE IR (2RECT),

REAIBTHATIERE . K df: HHPSREAMDR (PSRAF@E T 3 i B2 0K AUIE
K. RERMEHLEGL), EHILEARRUER, HRPSRUSIL, WFRHLEEIHRT
AR, B R AR 25 B L AUS T PE R BUBESR T 5 2% ph i 7 1 78 4R Y 3- bR St R 8 -bit
bR & (INTV), $EERIAREAPSRII0:8], HINTVIER A AHEE 1738 Vector, BT, W&
BIEHAPSRFIPCZ AT, EMIA—TFREMPSRIISIL, LA R ROIE R — Mk (R4
BT R ) .

R FESEMIPSR1S] = 0, FRAbER 2 A i AL TR T, BIR6IESSP (FiUikdfst),
RALER 3 R AARA3TS, i b TR A HOPSRIE AREBUM: ANARPSR(15) = 1, FoRuF i
ARRIERM P T, MALAEHFUSP (BIR6YFi{A) {R7FF Saved_USP, i/ ARZEITZAT,
LAURIEROMI N % FSaved_SSP, FrA ik L4 AR A4S AT HAY o

IR AR SR ITRCR A4S IR, BRI TRUFTIRAT. G528 0 24 A 45 H £ 5

TEATHR:

IRD/0 i NO

COND/101 ; Test PSR[15), privilege mode

3/100001

ARPSRIIS) = 0, FHIEHAREIT (100101) , ARPSRI1S) = 1, MUIHITHEE A R4S
(101101),

AREEAREIT, WIR6 (SSP) ik CHHAMUES), JEHAAISSPIE AMARZK 1738,

BiJES AR EAL, EDAT MR, ER BN SXIES (MIO.EN/YES, RW/WR),
RIEFEHGERERR (BIR1ES=1), Fit, PSREEASE, BiEHEHIREAREL,

RE43H, PCRINZEHEAMDR, EE, 7E4RE434, MDREAMEPC-1 (FFRPC), %
fHalg? BATERELS, EHWEASRITZA, PCEWEY. MBRNFEZCIARNEFEES
FRtEdtett, TARERT a4,

ARZBATRI4SFT M I LRI TARZS6 S HAL, UL LR FE A TRAR A P9 A0 B v T
BRHIPCI,

TR E IR —AMES R, HRETIRS BUFIA AL APC, HIRESO, S2FnS4py ik,
ZAREMTRAPHR %5 2 FF N4 PCHYE B 210, & HINTIER A% 4 2 H68-bit M R RINTV ([
TRAPHE4 A I8-bit R KAL), EC-8HTR.

hHi R REALT M AEX0100~x01FF 2], TRRASOH, HVectorh MR RIE (REAOEA
) SR ERED (x0100) 4RiN, SREAMAR; B, ERES2P, SHAFRIBIEA
(BReh i e SR AR HEAD . FMARSS A RITAR S BF A DHA(A) & 4R = L, R#RMERY,
UERMDR A {0 & ORI A AR 5 BFROA i dsik s B, ZERAESAH, HipabEAPC, Fit,

©  BIR REFTHREA", HBEIRE, WO 447 BIBR. RE4E AR S BFIE B AR
RXMFEBE “ITHEMT MEH—DREFBEE, —FHTE
©  {RAREHLEC2MEC 7 A K IR DSOMRE, (ECRE “RAESTARESS", —iFHTE
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R ) TR K.

A —RARE, LC3XHAM R, X—AREE, EHFURAMAFERT, £
#, B&H—AHAIRE USPRISSP, FiMaEHEME MAERCEFEFT . HHRERMA R
BE BT, R63EASaved_SSPRIIZ . i AEFELIEA S A F11EKRT, I3 ASaved_USPHY
W, FHE, MRRBRSCER, RO FIE AW REE AT “Saved” HMedRet, LA
BRIk A

C.6.2 HMiRE

AR S5 BRI TR (RTI) $54 4530 AT. RTUSSRIES R, #HitHHLARE
WEE P ZATRE, BBEPSR (ASRREK, RAERTRAEN, Z, PEREE) RPCH
N, XEERR SR R B AR, ENMMERT, LIEEA (push) S8R AR
s (pop).

RTHE4 ¥ (DECODE, #R#32) EME—TRELRES, 7EM, RITHFRLILT
AL AMAR, RAQSMEREREA, B2E—HRARM LN, BN Sz PC
. H5h, BRAVEHMIAPSRISIBAZ . FHX, RTLE—MUIEABUR T A AT LA AT R R
4. MRPSR(1S] = 0 (HMREBURAT), WISRSEHTRTIRARERIE, TR, RIAHR—D “B
MR S (priviledge mode exception) HFff:,

PSR[15] = 0; RTI4 &4

RAIGHRAISHHPCARMIBE T, FERE36H, EAF#RIE. RBIERRZE, MDR
A E MR W R RS AL REISM AT AL S APCH T2,

R#A39. 40, 427340 L HPSRIFEAFMIHE (BURER. RERMEHDN, Z, P).
b, FERAIR, FPRURITEHER (SSP+1), HMRMPCHALERIARTI, HHAAR LA
MAR; REAOEHFNFIRBIETR, BRIETRIE, MDRE SN LR FERIPSRIE, R0
FMDRAZ R APSREFIFE, B, REME—SHENERIH .

REMIBF—A LR, BRBERERPSEFMRER, BORAHSEREHRET
TEBSERBIE, ERE3MT, WFFIBHHBREMNT.

IRD/0 i NO

COND/101 ; Test PSR[15], privilege mode

J/110011

#NFRPSR[15] = 0, MIZHIFEEARES, AT —BepEAMb 2B M MRPSR]IS] = 1,
NIFEBERESS, B YFR6MZATFASaved_SSP, FiifSaved USPRZAHEARS, 2/, B4R
A (51F059) #MEFRAS, EIGREET —RiAMLE.

PSR[15] = 1; M XA K LT

RPSR[15] = 1, Bk BB BIMAEBR T AL DA, ANKEERH P BT HIATRTI
XERIRIES, R ER W,

AT B AE S A BRI R N (RAEERMRDGE, Privilege Mode Exception)” R4 B2 FF
SkAbE X deqpE, AIFPSRARTHEA bk AR BUER:, REHLE “RRBARYE™ WERF
BIA DR APCHAF S . X/ BN I B RO AC B IR AR AR

B, EREMFRTEADEE: (1) HERTHRERS BREXRE" AN R RIE
A Vector#f 7138, R, X RRE—/A8-bithyR B (HIx00) ; (2) H3IRiEIERKDFMRFHY
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PSREAMDR, (3) H#PSR{ISIiZEA40, HITMBERFBUR (B4 8RR B Y LA FE R
TAT). B, TR AREAS, BRI RSB A R A

BRI RS, Rh W R EKBML, A EAERERSS0, H
x01<Vector>3 AMARFIHE, FEi& PWTLEIIH T b, Vector® 778 shfF iR h M ik iR
BERINTVIE (FEREOPEAR) | TE “RBRXRHE™ I F+, VectorfIMZE£x00 (4R
HahEAR),

BEANEHMOZES], ERERERSONRAES. (1) WRERE LR, WERES
i, BERYAARGTRER (priority), B 4ATHR LR BB R POTAAIRES (ATHETHE
), TERREARHLCES, RINFBHRMER, MLRERSBFRTESSIXFHOR
FHRHEERIT. (2) Kk, FELEHN, EMK—TFL0ARRMRE (DIdERNRE9
HERAREY, BREAREIS), FERRBRARHOES, WAHMR (Fh Y0 RRER
HERMHFEX),

C.6.3 IEEMMEBRY

FEC6HiF 4, RAVRRE|, LCIELEEX THREHRH : HRBARY (Priviledge Mode
Exception) fiEMLRIERGS% (Illegal Opcode Exception), FriEMREERFH, 2 ApTHRA,
ANACEE B R AL A P FIRTRTIE S . AR BMATIR A RIEDFR (IR[15:12)) B&T—
A CREXKT RIS (1101), WHSIR “IERBED" BE,

SbEBALE EARIERT SEOHERLE RRERXRE" 5 EELL. BERFHPSR
FIPCHEARBUER, AIEH “ARERIEL" MFHIRSBFA DA RAPC, 2/5, REBFH
HEIEAZO R ERIEERETD (RRTRERKHRIES).

ARACEE ARSI, WHkE—ERBHIEERIEDT . HAHBEREBHE—RER
B RE2 (ROFEDRE). REBHRIELES, FRE (FWIEZH) URREMS (RBHK
SHREE) MREEEALL. SEMNRRNE, REBETRLUTHRE: (1) #REME (x01)
A VectorF %, (2) WIRRERRIREAFHBEKX (PSR[15]=0) ; (3) #PSREAMDR, RJF
AR,

ZJE, REDBESREVIREOETHER. —FEMREM, ETIBETRFORLER,
B EIAHALE 54 W SR8 PRI AT S ¥ R SR — s B—HE AR E49, AIFEMIRY
FIARURBEK, LI YT R R A PR, BAEAPERT, BRIEHSEELTH
B (C6.1HFTR). FFE (ARZE49), RE1BZAHFHIRHY % (microbranches), HIFEFR
BT (nRARIEH CARMAIUR) RETREAS (InRAIEH LA .

F2EMERE, WRET, 41, %%, NEFELE (MCEIHHR) RABERRHL
B (MC.621RTR) TL—HE, HIEPSRAPCEASHUER, AEHIRS A DAL EAPCH,
BARHRHRSBIF.

C.7 hifrlsg

EC-ORLCIMMRRZRKI, WHEHIFEMOLHAR. SRR RE, KREN
B M APRE T4 HIE SHBRIE, AR E, XURTHNEBLEED, KAMEHTIL
EEER - THENFE, FREERHERIRENR.
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o
%,
«,
Py

1

1 ddss ¢ @m’m 27 fﬁﬁfia
1T T T
I I 1 1 [ 000001 (State 1)
I Il T 000010 (State 2)

TTTTTTTI T

001101 st 13)

001111 (st 15,

Il
I
[
I
T
]
Il
]
T

T

[ T I
17T T 11101 (a1

1 I I ]

IENEEEEEE e 1

HC-9 fufilpoe () 1FifiE

1 111 S e9)




MRD CimiziEzs

D.1 ik

KHEFAACEHDFERIMES TN, Cik TOEINEAN TEHT, QIEABINEE
BRI . ABERA B —A ARORIEACEROHEE TN, A SRR RN,
STLAZEA B b B BICHE 0 & FGE . AR RO KA T, BROECHENK— T
P, JEEETBE M G T,

D.2 CEFigIHME

HA T 5 B FORA CIE B Wik T, LURCRAE BUI I — SRR, A RCRF
witiEwE,
D21 EX#

CRFFIHIERN, HBRFS DRFHATAOT: Bk (h.oRBhiR) kX (Hh
B, XA T AR ERIE L, i, TR R, TRERTEXHA
Shstack.c BYSCHEE Lo A SO ERAF B AR R — ™ AR SCHE K FL AR SO B B R Y
R AT
D22 skx#

AKX EE R, Bk, SOERRROEN, R -EFLEE, AR RS EFCHE
B SRR R TR, kOO IR, KRR R X, i, aR
Hstdio.cHiiE S T EMprintf, scanf, getcharfiiputchar, Bz 33 stdio hef 540 & i o6 & ¥ hry 76
1, AR R R 2 U flstdio. oo UMK, AP R B K SRR A Bk X P
stdio.hBRATEA T .

D23 X8

CEABMEREHT 1, KT 9, BTGB, REERALERE, k2N
1% % 83 TR BIIER IR A — A B HIR, RO ARG T R E R, SRS
WINDRFFFRA— M TR, BIAANS] Chierh LAVFHE /" A1 7, EREREH
GalE B I CHATEB RN,

D24 XFER

CIEARIIXFHA (literal) TTLL HRBA R (integer literal) . IEABARE (float literal)
A Bk (character literal), FAFH MR (string literal) . B4 (enumerator literal) %, X5
WRATLAIADGCER, GATCHHBERAR T, THH 5 S HoI T

L #H¥E
BERRE TR R—BA T SR A GERIE R, ORI RA R R
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NHRFER, CAOxEAMBRMEREREHA#BER (Hik, ETLEKRF0~9, Fia-fRE
A~FAR), PHATROMOXM B HRE M. AREFRAEMLE =" 8, RETHY
[ickit % &

EBRFRFEMEER L” R ‘7 FrKkBEYY, MEER U & v RREFSE
B, HEEDI2WHKBENHMEFSBRNNT A,

FESFH, filE= R ARRRFS7, BER 2 HIRTERFSEUMKENNRTST.

Lo o mg

0127 /* 87 in octal .

-24 /* -24 in decimal */

-024 /* -20 in octal *

-0x24 /* -36 in hexadecimal */

2. FEETE

FREH RN BB NEURUNEES Sy . Heh NSy R SO 5y R 7T
&R, BRXWEY BRAELHE—A. MBPE—#, EWEmME -7 B Bk % R B
W, TES IR ARERR LA BT

1.613123

L613123

1. /* expresses the number 1.0 */

-l613123

FRSK R LR EOVAR T, REURMIT AR~ MPAKR, FHeEOM—1 8
BAM. e(RE)GEATRKFTTERBIIERIT, EAURASY, BTLIRAE. mBEEHIF
7, M/NERFTUAA S . SEBOUR IR S ORI, hRTTERTE A K RRCLOMIRKTE, Bilan:

6.023e23 /+ 6.023 + 1023 /

454.323e-22 /* 454.323 * 10" (-22) %/

SE13 /* 5.0 * 10%13 */

BN T, PARBARMERY, MREEE CAHERTMTZAK, TUERAKRE
EM LSRR, BF . B KRBT AN (AD3.2%Y), WEEFAKRE@ME " & L™ #
Polt- 8

K XX 3

FHEROASISHERGENFHIR, B ‘o, SHREIEFAREY HRAATME
FARASCIIED{E , BLEERAELC-3EEMRIA S R TNL, FENBPEDR (EFAASCIIR TR T,

RD-1FIH T —EHHNFH, JEFHIERRROLNRITHK, BECETRY
BHROFRFFIRITXEFH, RPBRERTANH TRRFHERNB—Foytk, @itk s
T\ HFRRIASCIISEABOAHB M F I, KhASCIABEFTUAR ASRIER, dalblR 75
HHER. B, FH S’ WASCHIBE 483, Hit ‘S” BEFLUA 0123 #ALAR “x53’
ES 28

®D-1 CEETHNBRFH

FH M FH N
#i7 \n REHT N\

B R \ k=3 2
EAOEE 23 W LR \
B b ns1e \"
B%E 4 Nt \onnn
R \F A \xnnn
=& \a
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A FHERE

CigEh, ANGISHEENFHFFIZTFARER, THE K ELchar *RT, CHERAE
FIAK BRI —BEFAFERE, FHRHREEFADIME 0 RETFHFHLEH. T
TR TR W RAE AT

char greeting[10] = "bon jour!";
printf("This is a string literalv);

TR H RATLURRAAICF IS, AT LURTELE T T LUE Fchar *XRM0MF . B, ¥4
M Echar *RUMBY, MAFFEERRTUAEERAIN G, EEEROL, FHH
HRAEEEEBATHEA, fln, FTEHIRRBECESBETAKN:

char greeting [10];

greeting = "bon jour!";

5. KERE

AR (LD3.1795) AEXMWRFRAKES, LRABEHR, RS FRTRBEHAR,
EAMER RS I TR LM ERED. MEZ, REERRE— RIS e RIEn T
S,
D25 BAEKR

CEFMKALEHE, BFRATIMEEREEORMAZE, SRF. BEFMRGTH, |
RATHEBRFEMFENTik, BFAFHLEEOAERSES, ETHERBEMAZT, ¥
HE%, HASWERTERORBBEF LM LR, BTSN BAFRREMARBRIEY
BE, BEAUSZFBECRBEY A HOMLHIRIBKR,

D.2.6 X%@%

THEFIH TCESHREEANAS —XRF, XRFECESEDARKOEL, Hiwm
FRYEL., Gigtehls, BRBFATREAXRTEARFFOERAREKA.

auto double int struct
break else long switch

case enum register  typedef

char extern  return union

const float short unsigned

continue  for signed void

default goto sizeot volatile

do it static while
D.3 &

CIEEE, R, @M, BREDHHLMORY, LERHLLAHE, e TEERES
Ftt HMIE, [Biktkappa—AMintK R AR &, AB4kappaftRAVEAF WS IE B MBS — A F
HSRH., CEFTHAMS AT, —RKRAARRAY, NCIEEFFRUEY, BRRHN
VRORE, IHAUTEHEFRACERTFEEE L.

D.3.1 HAMIBAE

CEEAGEXLT LSRRI, int, float, doublefichar, Bi#CifH M KBME LS
KRR EEAR RN, R ENS BAFERNAMIREEEL ST Mm%,

1. int

iR MECEE RIFAF S BRI, KLU BHUIREE 326000 I8k #oRint 2 B 2
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B REE, — N ERUMHIRIATE B R 2 147 483 648 ~ +2 147 483 647,

2. float

floatk BUE B IEIF M, KEM (FRFTAR) THRNMER ik MIEEE 8§ BT 3 bt
FORM, BUA32ALR R B X2 AT S E sy (100). M (8f1) Fuh
sy (2300). M7 RRE %X FIEEER SMPRERTIRS , LIS %2710,

3. double

double X RUEXURE BT s e, EFfloatefi], HfEM PRl L. BA T X
WIS BER 5 RYHIEHY, {ERANSI CHREERLE, doublefff i R AEIE Tfloat, BLIEK S AT 5
HLERE X double %644z,

4. char

char 6 B BFR— 7, EHRIAHR, BREEMERFHFRORITET. HT%H—,
BEER £ B BHLEBEHASCIIRG (WHRE) RFRTH, chark B LSO S FHE,
B, CIEZHAE, short intBK BEA/hFeharkny,

BRIRBE, intFichar (& HEEAT) R KK, HifloatFidouble#RIT AM¥T,

SoAEAN

St o R), BIF R ATLAECIE & B LA SEE MM A R, Tkl g L —FsR, i%
ERIATLAREA FPAAMFS1H: Penguin, Riddler, CatWoman, Joker, Ff1RTLA 4k # 3B LH

/+ specifier */
enum villains { Penguin, Riddler, CatWoman, Joker };

/* Declaration */
enum villains badGuy;

SXHE, badGuyih R Bot 2 Bl villainsHy— A &, EMEATEE Bt 7E villains 2% 5 LIt
RHIPHAE : Penguin, Riddler, CatWomanFnJoker, H#E M diE LM S KRR AL EFE
(WLD.2.4%7), HaH M KRB ¥RIA.

FEHETIF, B MEE R ASBIE N0, B TRBUFRIANL, 2. R E BN
villainsdf, Penguinf9{f %40, Riddlerj1, CatWoman%2, Joker’3. R H LA R R s b2
HRBIE, Bl

/* Specifier */
enum villains { Penguin - 3, Riddler, CatWoman, Joker }:

X#E, PenguinffE it h3, Ridder’y4, CatWomanhs, Jokerh6,

D.3.2 #BRER

e RYPR A i) AT AR B 1 AR, ek B A A T A K B e b, Lo an B RN B
TS .

1. signed#eunsigned

intFichar2 R /LA #esignedFlunsigned (R E A& 1, BIAFR T, ik BEATFSRE, HE
char BIZEBRIAMEIL T, BRI RHEGHEN,

AR YL —HAIBORZ A T S 8%, LA TS B EBIA TR -2 147 483 648 ~ +2
147483 647, FEAHIEIRONLES b, TS BB BATEBRE R0~ +4 294 967 295,

signed int c;  /+ the signed modifier is redundant */

unsigned int d;

signed char j;  /* forces the char to be interpreted
as a signed value

unsigned char k; /+ the char will be interpreted as an
unsigned value */
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2. long #= short

FRPF B AT LA Fflong Fishort RS2 1A e 435 E 3 4 A R B JE . BlAn SN B A R R,
ATLAE A (shortint) FK#R (long int) 2k,

R, CEETHEAHE CEMEY Z MK ENER, ERUAETHEEEKE
ATREFTER, $URKE/NTRETRER, 0.

sizeof (char)<=sizeof (short int)<=sizeof(int)<=sizeof(long int)

{E L PO MR KR RN AL E, long inta fER64( BE, mintR320r 8%, HER%
B AR, FTLAfE<limits.h>3SkSCPErRE], KUnix@RGER, 1%0HAF MAE/usr/inclcude H
ET.

TR T LA 68 BR A TR e e 2 B 7«

short int

Tong int p;
unsigned long int r;

longFishort s, aT 14 FH 3 B i JUKS FETF 24 B 3¢ B double, long double 5T L5k 81 Hdouble i
FAMIT AN, ANSICHUE, floatk /b F % Fdouble, doublef /1T 5% Flong double,

double x;
long double y;

3. FR & i const

ECRAMATE B, A AEHAE S & ATLUE Flconst B Ak & S, il4n:

const double pi = 3.14159;

TERFFE A RSB R, B BV IZR A MconstBRE 17, 3R 4% 3% 7T LAKHL BT B
REREMRI, B FERFRTIE R oW S, FitconstRE M2 R 4 7L & L RIM 517
Watt.

D.3.3 #HfsR

CIEFHPHMFEMNER: #45 (static) FIEZ (automatic), B FHEUERALTF—MREGHR
(Eeam@RH) i, —HRXMRESRRTER, BHRDEROERERT, BAFRT, &HAH
WA R ERAFEE, BRERFHITR PR (L14.3.19),

#EXUEROEAENRFOMTERS B, FROROIMNIENNLBERERSE
FRE, MREERDRGNHEABESRTER, TLELROMEN Esaticha i, Fstatic
BRERE R, 15 Y EREBRITEER AT, Bl

int Count {int x)

static int y;

youi
printf(*This function has been called %d times.", y);

B AR R R Ry RO A TE B B Counth TSR IDARTFTE . B3 b, A BB R1E £ R 5iE
Bortrfezsial, BLERMEERFHHITERS AR ER, BFBAEACountf, &%k EH
yHIfE

FAHXYUERAR, BELLERIEE LM, B EDEDHILH0, HHEXRERIER
¥ AR,

CIE LR T — M BRE inregister, registerREBMEIE T A H XN TR, RWLTRALH
Vilhl, F7EACHEFR BN, DIREEAE. (BRHIF 5 X UregisterRE MM ILTH L,
RERFFBEN, BOTRES OO, LARYSAR T8 A FH 7220,
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BRI RS T LA externfRAZ AR M1, RO IXBKRE BRI RE LES— MRS,
FEBEEARTRTRGOERS, FXETRIARERE—E.

D.3.4 ¥Rl

TRAERCEFEFALYONE, T RADGSR, B4, SWETBRA K. Sk
AR RO O R FRT, XA h R KR,

1. #41

MWL R AR R R BB AL — B, EFHER PR, B R A THAME —
ARBMTRIFAEX, A2 EBAR T~ TRBRL TR HbAL X+sizeof(T), fkit#, A
TEREAT AT — A FES AR, FEIEMOFRRKHMM, Blistth ¥ —/ THRRLst0),
PO IR, BARK/DSIR BRI RFESR.

char string[100]; /* Declares array of 100 characters */
int data[20];  /* Declares array of 20 integers */

BB EHRERXEA TR, KRB TR TH:

data(o] /* Accesses first element of array data */
datali + 3] /* The variable i must be an integer +/
stringlx + y] /* x and y must be integers *,

REBHTREMBAGT ARTER, FHLRFRLARR SRR A EN, Fl,
IR € L string 2R, 51 Mistring[x+y] B Fozx+y B5UNTF100, HWIRE %K AN F R
FHHiR.

2. %4

frEHRARAF MR RO BARER, FEARRTFRTIE N L2 S BbA ) T ek, #otan%
BRI ATLMERAIR RAE, Bildn

int *v; /% v points to an integer */

CRAV R ERUET—AZMARNE, GHEHTUHNRERARZER S, TUA—1
R RA B B—MRERIA, ALY — M REHRIE00R A SO FRh 284, Ho4HRR
EAILAI BBk — AR, HE6H R 2 I FTLAE AT LR BNBRiB B, X LE St SR R
WA KBHHI, BRTXEZ, CRAVHEHERETHAMRIE, RITRARDES,

3. 4k

BFRATUAE A HEREBRNES, SHFH—ATHAR, EITRTHECHL
B, TEAORBEST k.

struct tag_id {
typel memberl;
type2 member2;

typeN memberN;
i

EAEEHIEBNA TTHA R, memberlZtypel %2 &, member2Rtype22K %A &, memberN
RupeNXTBR, RS HENTRETLREMRY, REEF R LT RRT,

B R U AL S b i — MR, BI0 ETHITHRotag_id, ScRERRAT L ke
s

struct tag_id x;

S ERRERE, Gi— A BRERENTES&E, XEEA RN RATE,
TATRRIRWT AR, (R, AERENELORERR, XELHERTR,
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A R T LATES M b R AT B, T IR, AR firstPoint7E 45 #fkpoint
SCRIRHBH AT, cflimageMIRFEL AR E L ESE, it £5Hf bR pointR A B,
s::::::oinc {
int y;
} firstPoint;
/* declares an array of structure type variables */
struct point image(100];
HILBEIEE, AUBH192W A FLEMRONE,
4. Btk
itk RiF S EFERMERAK, RAKMEWETR, EARAMZ, BakRass/)
ARZERERSPH LR, Fin, FTEORDEST—MBEA 2 Rjoined:
o
double fval;

char cval;
} joined;

ZEijoined R — LA MR, XELAFTLR 8%, FANREFHRE. FnfEARE
Rjoined.ival, BeA KRR~ %¥, WRHEMjoined.fval, BAKBRRETAK, mEERA
joined.cval, BRAGRRT ~ M+ AR, RiFBHXEBA b G AEARAHRY, KABRA
orEeasial, B LERB b, SRR Bdouble X Bk, HBA K RFMENA,

D.3.5 typedef

CIEE AR A Atypedefh— A EAFEMAROIR - M FNRL L, XEBFRAELACH
Y RALMAEN A, Mtypedefiy— BRI T

typedef type name;

He, typerLAREMEARR, HERWRHMT RAT, nameREBAEMIRIAG. X
BB A Rtype B T — A5l &name, £ (8 Ftypefited5, #B#TLAGE A Kfilh, —AMiFHI%
MAROS LAY - LBIMIL, FHETLUNBRBFOTiEE, FTEHE/LAHIF.

typedef enum (coffee, tea, water, soda} Beverage:

Beverage drink; /* Declaration uses previous typedef */

typedef struct (

int xCoord;
int yCoord;

int color;
} Pixel;

Pixel bitmap(1024+820]; /*Declares an array of pixels/

D.4 Al

CEFEM— L (ki) RE—BAAFONER, CIEEHE, MREEMN LA
A, MROFASTRERERHROXY. &F. FHEXNE, SHRFRAENLHRS
BRZEiR), LAROR IR SR AT 7 A TE WA L2 R

RS AR B LAEEY ., RENFRERMESTEBEMNRY, Gla, SBHATM
BHMNF.
D41 TR

EREHBA T
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(RN (RWBRGE] (R) GRB) (= WL,

R FBRLER, IFPRFBRTE,

AR A RILURD.3 3 SR E BAFfE L BIBRE 1, Heaustatic,

AR AL D.3. 27 B K A B A R BRAE B

KA E AR (int, char, floatfldouble), R XRHKRTAELR (%4l faéh.
itk Bak).

IR R F B TRIRTF AW F R, HF, TUEMEEAS. CIEEHRINFNKERA
PR, (B ANSI C44i% 8 S B RT3 1A F R X 50 2 REAVERIAMF . BTSN FHHRNZ R,
HH SR AN ER, B, CEFERAINSH, EHRGEFumfSumE RN, &IF,
WEARERX B FME (LD.2.6%). FEEZA&EFRAFNEF:

primary_colors
prinaryColors

AEREEADFMESY (WD.33Y) TERBEEDZMIMEENZER, BTUEDE D
FIERBE RIS, (BRAREAERRARRDACHEFELDERIIMTEE,

CIEFERWER—TRESMRAR (WAILE) RGBS ERAYOEER, XLERE
Lilpliora BT IE Sk s

static long unsigned int k = 10UL;
register char 1 = ‘Q';
int list(100];

struct node_type n; /* Declares a structure variable */

R ATLATEAE T R BRI EARL A W] (D.6.2%), ATLAERTA SR AISMRFE B, 7EARAD S
ARAIL AR R, (URTERRIGR BT, MIERH R EMPFE R R, ERFNEANH
SR, FEXHOEROFRA LA T, BX1223 L PERSUNEMIAE,

D.42 &M

HB UG IRMIES, XREGE B AR M LR EE SRS EER . 2R
BREIF. RPN

{RRHESA ((BRIRY]( BYKR -, BUNET ),

Hrp ()P FOR L AEN TR, DHRENLETETER.

ANFREMOEEAMRR, ETOUREARE, HTLLERF R AE T RER (A
BRoh), RERZRA, AR EER RS, BAH R BAE E A E L hvoid KR,

& A ATUURAT TR 16 B P ot BLAE WO A BOhR I o

RHRMES H L FHES ROTE, RENBEMEY, ENHESHN. B BRXYNEE
FTUABRB R, i 4n T I P WA R T R R A T R — A A 1A

int Average(int numbers[], int howMany);
D.5 EHHF

E—FiHRCIE SRE TR, KB R eI M g s %
D.5.1 R{EENHF

CIESRMT SRRIEE R, P REAME =", WIEEHANAFRENES L,
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T T — /1 B B AR (A B BB T

{E&ER) = (HiFEX)

£ REXLARFUBEIAR, EFEAH AR, —eonst MR fH — KA
(BATCLRBAM — N TEE) . £RXXWARALME, ETUR - NMEHERERAKER.

YREZHAITEER, £ARKBRRAAT S AL AME, CHEREYMESHS, £
FEAMARSAMAAMENRE, NRENHXBTE, Dot RIERSEEDLRIERY
RRE, EHITRIESH,

BT =" b, DA R LR S

4= - = /= a= &= 1= = <<= o=

FERAZEATURMEBRRIGEAF =" FHAMARAZRHFR SR, A op= B%
HrFA=AopB), Biltnx+=yFix = x+yly& REMF .

HAREEHAOE T, TUE123.29 08,

D52 WARENHF
CIEFXH THEAN THREHAF:
+ - . / %

B BIRM. W, . BRMBRBUSE. XEEHHEEAEA%E (int, double, floatfl
char) {EAH#ES. MRBEKATFRLLOE (Lin—MFEAEME—/ %80, W2 Atk
SERHHE AN (LD.5.11795) A4k, BRA IS, RIRSEFOREY, SHE—
AEE (BIBRAT, FHER. BEATE).,

. WREF R AT LA A B TR R R, xR, AN, SREWALER IS
. Bildn, anfpte— e AT Riype*, FPLREKptr+ R FH Fptr+sizeof(type), HIEA
TFT—ATTERIMAL.

CIEEE LB+, ERENATEMERS - HERZR ERORR . R
TERATEM EIES “+" MARZRIERES. CESEE " AT -7 5.

EEEARARSEHENE T, TLS%12.33%,

D.5.3 {IiEMfF
CIEH L HTHRIE, THIRMBIEOETHF.
s | - - <« >>

FLBRRF A REAR R DRI S, TR B RE R T AR,

BRF << F0 > pURAEBREBER, EANEESHNRIEY, FORBH
Hfid, ANSI Crp, B E LEBHIEAFLDRIERRE (Hf—A 320 S 2h33
i), LAREBIHOMER AHOKR, XAHELT, S30ERETEN.

D24 H T IXEATRIENBITF, AT UMEHx=186, y=6RZHER,

R®D-2 CiEEPHIMUMRIER

BRI i BF x=186, y=6
& #irs x&y 2

! 3044 xly 190

- k02973 ~x -187

~ B RR X1y 188

<< b:3:1 x<<y 11904

>> HH x>>y 2
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D.5.4 ERENF

FECIERE, RATFTLAEFBHEWALH £ B M TRk, R~ MER&EsR. flm
RATEMREHAMEHBREHAR, RNABEMER 57 HABELLRT,

B 5T RIUEHM. HERYEE 5T ERMHATOYA A M, ErRER
Ah R, .

B4R R MR CTTERA. HEMCHEM R NG T8 BT B, BAKSE
AAH &,

B4 AT R—IUERA. SREREZE R B, A R, RZ, REXA R,

i 57 fn R £ 428" (shortcircuit) H{EFF, HMNRIBIRFER BRI T REB R
EHIM St IBLFERAGLI T ORAFHR, TR BER", GlanFsaR “xlye+” &,
RxAE0, Wy++FHHASMIT.

D35 TEMSRFR AL, b TRGLERAFLLE, (IBURIERx=186, y=6,

#D-3 CEFTHZHEMRIEN

BRIER ® % Bl5 x=186, y=6
&& 2i5 x&&y 1
" BeR xlly 1
! BARE x 0
D55 XRIEMF
THERR:
= 1= > >= < <=

JECIE MR FERAT, EIVRR IR ERERRARERZNXR, tin S, T
FKT %, RXRRL, RGBSR . FUREEE M. L7k R MR R
BORTORICRR, £ %4 %G, FRD.S.11W, CIHARIREEDXRSIEHERIEY, ©
R PATAER MR M R UM A AT
D.5.6 iH#R/EBRRIERF

CIEHEMMFS “++" A “—=" EHMEARRIRIET, CIBR—TEIN, AHRERH
CHNLT E BRIV EW. 4+ R C—=" ACURZERMERIIT &, DATLURERIERIE &

TR MR, MIEBSER 1™ 8 W17 BH, HEAHRIERA DA A,
AT RE AT X

int % = 4;
int y;

Y= e
xFyHEFTFS,
TEAEERB, ECARIERMAEEAFERMA, ATEHBERET “M” & K1 28,
Bl FERBETE:

int x = 4;
int y

yom oxed;
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x%Fs, iiyF T4,
FUNBGE AL, R AL AT LU bR S, D528 T4 F.

D57 HFRIAR
CiE# BRIAMREAMT .
{#5X B} 7 {FikA B): {(FLR ¢}
4k XAKEHR H B, BORARSAOEET AL B, RZ, MR REXAS
B4R R OB, BARAFREAMERS T AL XCOMA. B, TEAOKDE.
wex?y:z;
FoERx 7y MEBR A, WRxIEO, WyHxfwHiTRIE, SNRxtwtiTRIE,
FUFARMAGERBEMN G ik, A& ABRAR XCRTAFNIT, RRTA
& XAME, mRxdE0, FERX2HREUMIT, MRxIEK0, RERyRTZMIT, KT “H"
Htk, WD.S54HT,
D.5.8 #&it. MUBMLEHEK
X BATERYR KR R AR SRR ORI,
1. JakiE B4
BULERARE, EEERERONTEREE, ERERBIERLAR - DNEMR, iR,
BACEREEAIRR R
2. B33 MEHH
145 R WA R BUALE RN . ELUBILEDRIES, B R ZMaHERXM R, Bl
TR

int *p;
int x = 5;

b=
o= tp el

Fis*piR EXME, Y*pHBEREEHAFNLDM, ETURM—NLE, FUWERIGE
[ B RAE
3. %431 A
CIEEE, 5% ‘0" BEmRAXATHRERAN TR, 07 BEFEENEAL—RER,
SkAFWRRATE. FEE A5 AT
inc list (100];
x = list([x + 10]);
4. Sk Ae B &3 A
CIEEEXLTHAMRIER, MFSIMEHREMEAENRA. BT RIEFR 7, Sl
BAKERATLERERERSIAECHER. TEE— 7 RIEFHHIT.
struct pointType {
v
g
Vioedet potntrype soint;
Point pixel;

pixel.x = 3;
pixel.y = pixel.x + 10;
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pixel @ — iR, ATLUBIE . BIEFF ARSI EMRR.
BIARERR “->7, SiRRBS BRI, FTLGEL Bk SRR R R K
R FEE—A “->" RIEFHHF.

Point pixel;
Point *per;

ptr = spixel;
Prr-sx - prrosx + 1;

Horr, ptri I A6 Rpixel d94 4.
D.5.9 sizeof$g{EHF

Bt sizeof B B i — MEE R MO KFTHEOF R, Hlan, sizeof(in)if B —/ A%
FELHBOFNE, YRIERRE AR, sizeofik BIBAMK/, T BIFR:

int list(45];

struct example_type |

int  values;
double valueC

typedef struct example_type Example:

sizeh = sizeof (list); /* 45 + sizeof (int) +/
sizeB - sizeof (Example); /* Size of structure +/
D.5.10 ENGF

CEFRRIEAMERR - NRFRTOER, MRESRHARES, WEEHEESANE
B MRBHTES, WHEHCESELMZEFRAL, EIHERERHHRER, mRRE
Kb HIARRSE R Z AT, W4 FCIE 3 7 SUHY X B A M 22 B A B 2 fR ok it B

DA T CIEFZRMMR A LM XN A, KA ERIE BRERTTS.

®D-4 MEFMREXR, FSARLRIERORE

HRER KERMIF "R

1) MBI OEER  NHATHR . >

2 MAEE ++ - (FR)

3 MAB| L ++ == (W)

4 MAE (RS &AL +(—TEER) — (—TLEH)
~ !'sizeof

5 MEEE o LUES 22 Y

6 MEEH ki) | %

7 MEEL (i) - (k)

8 MEBE < >>

9 MEEE < > <= >=

10 MESH = !=

n MEFIH &UEfLY)

12 MEBIE ~

13 MEEA !

4 ME#%

15 MEEE

16 WEFE

1708 ) MERE
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D511 HEEK
ot R A Fop Ik R o

A op B;
ERBREWERHEHRRT: (1) BIERA, BORR,  (2) RIEMopMIKE.
BARIERATIBAARRNIAR, i B IEFropREMS LA BT RIEN RIS, WikFaRiz

FEERA AR BRI FopRER .

LFRERPHEREXYETMEN, CIETHHBIERETAIES, —RTTE, LTHERE
R AR DR R RO, G AR SR S IR, A R RO TR A KR, R
BTG T ARAKIE AR, FBAHRBAR, BIEE RGBT AR, QTR BRT,
BERTEREANME, BHEAEABHATY (RELHFSRLY, XEMREBRMLN), TEH
H— SRR B«

char i

int 3

float x;

double y;

/+ This expression is an integer */

/* This expression is an integer */

.0 /* This expression is a float */
0 /+ This expression is a float */

/* This expression is a double */
j+x+y /* This is a double */

B (2) 23, -EREFREREORREEREY. RESHNSRRERMHRT,
FIaNTHEE T % SRR SRR COTRIES, X8, KRR Rt tnchar kR AR M £
BOABERT, T ABRRT AN BEAR, WA AR %R RSO IR

RN — IR B RRT CXMRA S R ATEH RSN, BRTHRRAER
BRI, BERBERET—NHNR), EONEEHIHEER, TIELMRBERERNRE
FOREIT AR RE R, HROSRETED.

ELESE 2

BF R ATLAHE T 6 £ A 4R (type casting) RIFHIR KRBT R, BHX DB
FERMTF

(FER) FikA

X BEFE AN WATE BRSNS A H G XY, TER—HT:

J o= (int)x +y; /R PRAE /

D6 mizXfniEf@

CItEE, B TR & &R kN s i ke,
D.6.1 Azt

REARGHE. TR, ROEFFNEEARARN T, LFFIRESE— M ERRE,
FER L RBIETHZ R RAEBNUTETRE (DS 10%), RBAMEWRBRTRER
F&ATTHRRL RN (AD.S.1H). WEREROEN TEBL BRI, B2x Fik
R RERHAE, FTEHANNRERHHT

a*as+b+b
as+ - c /3
a4

q || integrate(x)
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D.6.2 ERM

CIEHE, HMEMEORENUSS () SRMFEX, BF, BORTHEEAKMES, &
HIAMREA, Lt EREEGTER. —KEORGTERR, TE—RIETRASERIT. @
BRBE—RIEORITERG, BNRBRERT. THEANHRZVNHGTF.

c=a*asb*b; /*Two simple statements +/
boeas-c/ 3

HAEN (RRGR) HESEES () BMLAMXOIEDSR. NiEEME LY, &
AFERMELEQR—RE, ENTULMER, fim, THOLAEOMH LEOHEKEODR—
Lid:oH

{ /* One compound statement */

c=a%*a+b*b;
b= as -c/3;
}

D.7 #HlgH

BERF AL i BRI SR PR R TR G117
D.7.1 ifigf

INEARHR AT

if (expression)
statement

expression W LLRAE A RT | B R RRARE R BMRAR, Yexpressionf{E A HORt,
statementBE & A7, statement W[ LUR R £iE6), WATLIRE 4. Hlwn.:

if (x < 0)
a = b +c; /* Executes if x is less than zero */

FE13.2.1%, HELXFifERNHHT.
D.7.2 if-elseiffy

if-elseif A RANT
if (expression)

statementl
else

statement2 )
[R1#E, expression T LARAEMMA SR, HOEATRIRE KT, LexpressionfI{f A AR, i

L& 154, BT B4, statement] fistatement2#F ATLLE M BIF M RE A1EH .,

X500 ) e Executes if x is less than zero +/
Elﬁea = b - c; /* Otherwise, this is executed. */

1E13.2.2%7, AR TFif-elseifMELHIT .
D.7.3 switchiffy

switchiF MR T :

switch (expression)  {

case const-exprl:
statement1A
statement1s
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case const-expr2:
statement2A
statement28

case const-exprN:
statementNA
statementNB

}
switchif iy — MR A X (LD3.1%) MEMAENEAED (RRAIFERREEAIE

), BJLPHRARE IER) AR, KA EEDPH—ARE Scasebris, B MREE T RER—
AERHBEKEX (B0 EEFTFHconst-exprl, pr2, t-exprN), E—AswitchiE
U, A caseREREA K BFAX, BARLAMRL,

HhFTE| —switchiF W, § R Rswitch /G A& Kexpression, ani% Ak XA
Acasehrib A TR RFKAMOMEICE, BF Bk Zoasehrid G HRYIE DI HAT .

defaultR—MEFFRIFRE , BRI RIPEM I fhcasehi SR ILRAHR ., fnBswitchiFf)
Hig Fdefaulthik, M B & SXMERE— A case R ILER, switchsh B DI L HIT.

TR AswitchiF 8 — A F . BRI B Fbreak, HBkiswitchiff), H T
breaki ¥ £ 158, TLIEED.7.7H,

char k;

k = getchar();
switch (k) {
case "4t

a=b+er

break; /* break causes control to leave switch */
case '-:

a=b-c;

break;

13,5144 € £ % Fswitchif i i T,
D.7.4 whileiff)
whileiF WA T .

while (expression)
statement

while & — MR HEHIZEH. % Ak KexpressionfI{H R0l , k774 4 statement, 24
statementih TR SG, HFARITEEMIEW, ik EHBEE whileiEHIFF 44, Hif Bexpression
B, RSB EIMAT, HBFERexpressionfIHAH0H 1k, KIGA FF M FTwhile /T — %
B, statementWLUZ—HEIEW, BTLLEE 415,

THEAF T, whilelE A5 E3R100%k .
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x = 0;

while (x < 100) {
printf("x = ¥d\n", x);
x = x

}

13319 A E % % FwhileiF W6 -
D.7.5 forigf

fori& A)AMER AT «

for (initializer; term-expr; reinitializer)
statement

forif fu R — AR EEHY . FskRinitializerfERE A GERF ZATPIT, TEMG—dk., RisR
term-exprill 7GR AR IFLRITIT, it Frerm-expriid B4R, AP LAREMITIEAL, TN
BEH AR . iEfstatement fE 4 K TE SRR RS 04T, YstatementTSE A G , HhF7iE fyreinitializer,
BAMB—EEE, HBerm-exprik XA{H % FOR 1L

FHEfori& fHFIF, HFHEIRHITI00%K

for (x = 0; x < 100; Xe+) {
printf("x = ¥d\n*, x);

13329 8 £ 3% Flor G MBI F .
D.7.6 do-whileiff]
do-whileiZ AR -

do
statement
while (expression) ;
do-while& ffiwhilelE M IEHAA1L, 4B F|do-whilei& &I, ¥ JEMATIEH fhstatement, SRJF
HE A& Kexpressionfyfii, RIS HMELRO, LG T T —KREF, TUBEHTER,
do-whileiB AIRHE AR BT — KB,
R 553 1000k f3do-whileiE Gy I 7

x = 0;

do {
printf(*x = d\n", x);
x=x

while (x < 100);
133344 & £ % Fdo-while E AR5 F-.
D.7.7 breakiEf)

breaki& AR AN T :

break,

breaki® ) SR ZE OB iswitch et AN SRR FFPEMT it B b i Bl breakif ), 2 A4k H!
Bl — KR

TFHE T, breakiF a5 R forfEER

for (x = 0; x < 100; x++) |

if lerror)
break;
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13.5.24i % % ForeakiF AT E £ 6 7.
D.7.8 continueiEf]
continuelZ AR T«

continue,

continueif ) REEMTERMR LA, L BILSRLATH —KIERR, FFEI BTG, R
FRIREM, IRERTHTT k@R, ElorFfmd, B continueifty, BFEH#TT—
HHEERHT, & PiTreinitializeriE g, TEL H—MorfEHa Bl F :

for (x = 0; x < 100; xee) |

if (skip)
continue;

}

FEXR BT, nftcontinueiBWHAT, RixKx++BHAHIT, ARHFUHBEI KM, i
REHRTT—RER.

13.5.27%54 % Fcontinue i A1HY & % il -,
D.7.9 returnigf)

returniZF ) AIHE AN T -

return expression;

rewrniFAH LR Y AT RBEIOIST, HERFBAEY. SRERTERE-KEVR, ©5
Bt A —Frewmigfy, EEEEARE.

returnfF M SRR RBABE A, EHERDREMEERT, YRMHEERRE, BF
BOHRAET AR B A E R, RBGERMERTEN, T &reuniEal—/ 6T

return x+y;

D.8 WAitiE

RRAEGER, ERE—MERMER, X TR MEF RISHE, ECIES BRATILE,
B ANTACE SR EFRMAX RS, EHERAEFRF - FFIHR S~

Bl kSR ERARR AN E QS TR, AN EE A RAER R/ FCEES.
fisb g4 FRCIED, B ENPHEEEMD BRER—LIRSWLER.

D81 E#ik
TRALHR 248 Fl#define FIAL B 1 & ¥R I F R FFFIBR 4 5 — 4. Bign:
#define A B

EFE, WEFEMALRGFHFFIHEBE#, BRFEER, RAMRIOTFRFIIL &8
B, GIAFRIATFAPPLESR AT R WBE, WEISEMFHENR, Flan ‘A", LAKYWER,

HHRCAE RSN ET, MRARRCARK, TUR" " #EHSTERE—E,

ALY, REMELFEOES BT, fim.

#define REMAINDER(X, Y) ((X)%(Y))

WIS R AYEREMAINDERG T, FHEMRFREREAENHSY, Hiwm.
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valueC = REMAINDER(valueA, valueB+15);
FRALER 38 4 ( Fil#define i FE MUK A R AR %20, JF LG IR FOFD B BLAY B B0k B X
Y. i RS AR EE A A A T I RS

valueC = ((valueh) % (valueB+15));
HEE, 2E L XAYSNEAES AR AN, BN, fTelrmiegs, LEMSRER
PR,

WEHHEEVR EMAKIAMEMALL, ERESESIA R B ERFH,

D82 sx#ag

i P4 4 #tincludef fE LR — A Sk AN A H ABIIRRFBICH R . CRAFM K T —#
MABE—RFIEE LTRBHIFHY,

#include AL B4 4 TR FIEA -

#include <stdio.h>
#include *program.h”

F-MEREERES <" REVESHIE, FHWRT, SESRIUEEIERS
AR SR, RERIEAIM, BRI B R — R AL AFHY, EXARTRE T
% RHMRRIAEARA A, B AR IER S SRR AR, SHERT, %
FREEARBEQEF OB T, WREAET], WSS SIS &b 2 UFR LR ER.

D.9 #tRAEEEERM

ANSI CRiftiE LT 1S0S A bl e, BRAFTLABE A EA IR SER AL S (BIAnA /4
HREE RN, XM RARERT, (N, Tl MR FTLAR S B — 1 ANSI
CFEBHTIH—MANSI CE L, X~ 4 — 27 TR R

D.9.1 WA/ HH&EM

AR A/ R B RED, BAIRE <stdioh>k 3l FHEZ/LABF:

1. getchar® %

A MBI T

int getchar(void)

getchar AFRIEHIA IR & stdin BT — MEARIFR, H BLAZF R % o Br05E {8,

getchar R HALC-3h MU ATRAPIRAENL, RRENIERH EITERARTREE.

Y& LR YARE SR th1/Ok B getchar, BIRIERYCHEFREBMAN TR (RERRE
MARRE). — BRI EER, RIFMFIFIIRMEIEA K S

2. putchar & ¥

putchar & B 7 W14 T«

void putchar(int c);

& §zputcharFILC-3 Y TRAP OUTHR & 4R, E#H— M HRKIEAB Y, HLERRHFH
B bR

IR AR BN, BARMKATLUER RS EREAKHOFH. BL, ARIHE
PUEBEM TRPER, FHESHRPK AL (flushed) FARREFELHER, HAEBS EE
FHE.
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3. scanfid) #

scanf ik FHIFFBAMNT «

int scanf(const char * formatstring,*ptrl,...);
scanfl— AR FR— AR A EMESY, I MHRBAE T —RIIEREREY, &
Fel e AP R PRI A GRRORRRE . B0, Feiis XA “%d” foflscanfifii A S T— 1M
EFIFEREL TR R, X FRRE RN, ARHHRES T M
Ry A i, FD-SHIH T scanf{f FAMBE B A, #X B FEAOEH SR %, FiZfoigah
HORE b XA BRI, scanffiR BHE #ow IR AL &A%,
RD-5 scanfiyfe =t A8

b avaL] R
%d ARG HIN
%o L A (0FF3k) SN (OxIFk)
%o RIS
%x Rpasiiit g
%ou Eetiacs 24
%c FH
%s FEFHSH
%f Foe TEAN
4. printf & ¥
printf e BB 40T«

int printf(const char * formatString,...);
printf A THRER $HE AL 5 FF S bR e iR . ANt sU R format string b (0.8 — Mt
AP, A printf 2.4 15 T 09 B B POH R R R AR HOC R R . Blin, SeiisAm
“%d” Erprintf, HEERIS BN - THIRE, KX EEEEARR MRS, %D-6
St T printff MY — LA REH, — My, MRBEEIBE, FIZAER S P AR
FEUER R, printfHyiE BHA TS FbRER IR T, mRBRIIR, WEE -4 .

&D-6  printfigdk B A

b Nt - &5 Felhbs X B R
%d %i AASBY %s FHH
%0 IS %f T BHANT AR
%ox %X Nt %e RE LE SN ToE
%ou Eias 24 %p et
%c FH

D92 FHREM

CHERERWE T RIS SEFRMEMbRNEE R, EEMXSEY, LAERTELED
E<string h>k X, X —THAEHEH A AR R
1. stremp o ¥

strempER ) BN T «

int stremp(char * stringA, char * stringB);
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XA RBURR LM FEH, R T SstringAfNstringBAE%, REGEEO, 4nfstringAk
FtringB, B~ EH, AdstringAsh FiringB, MEEE A S, X BA0HA R F 5 M
FH . HIES SRR FH AR T EMEN TS,

2. strepy s ¥

strepy ) R B AN -

char * strcpy(char * stringA, char * stringB);

XA B ¥ sring B Bl sring ACIE FHF AT RT), MR ABFISEIR, TR E—
AR Estring AR § .

D.9.3 M¥&EM

Chrife sk a8 T — 2 RIS E, ERENIHTER S <mathh> k3o, 7Ex—Fid,
BATFUH T — 565 % FAUSBEIF B HAVER, BN AL double K R fEH S8, iR [ A R double:

double sin(double x); /* sine of x, expressed in radians  */
double cos(double x);  /* cosine of x, expressed in radians */
double tan(double X); /* tan of x, expressed in radians ./
double expldouble x); /+ exponential function, e’x */
double log(double x); /* natural log of x /

./

double sqrt (double x); /* square root of x
double pow(double x, double y)  /* x'y -- X to the y power */

D.9.4 RitrHAMEN

BRT RESI ARSI, CHRMER RIS & Kt — RN BB RN, HImATroRe, ik
B HOFE. WHRSRNEH, REQE LI <stdlibh>HIT,

1. malloc & #

EA93F5 A, malloc sy Bo— A BIEA/MINTES, BRI .

void * malloc(size_t size);

H WS WsizeRTESRATFHIAND, UTFHHRA, BEKDRsize t, MBIEMsizeof iR
EfE—# (—HHR T, #Runsigned int26%), nRsyRRTh, MK E—MERIZATE RIS,
oy RLRM, WLEE—AZHENULL,

2. freedy ¥

freef) MBI AT«

void free(void * ptr);

i M free PRI £ B2 (heap) NTFIX, XAMAHFE AL higstpriseE, HEBEERE,
PR B NTE X BB AR BTEZ S0 BH, ENERAEHR,

3. randesrand & &

Chrife FErp B RHE— AP EREHLF PR R B, FRohrand, {H& EHAAEF 4 L ERBENLFFI,
BA IR Z A BEIUFS] . %FFIB MR T (seed) (HBE, YFFREM, FHlBLBRKET.
B, LFFRI0H, SEMBTLAFIHRAR, (- FFIRmBINE T AR F R,

i HrandfFE AN T

int rand(void)

%R BOR F A B HL B R, X ANBEHLAYTE B ZEOFMRAND_MAX 2 i, RAND_MAX & &
S LHIE, EER/N K32 767,

TR B ORESUFSIRIFR -, RATRILAGE Msrand R %, %R AN T <

void srand(unsigned int seed);
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ERAX

E1 RANMFIR
RE-1 WFHR

KA R E LES 45 LIELsTS
10% 2 yotta Y Meightfy & B i oktorh ¥ (L i &
107 2° zetta z Msevenfty s B iEiheptaft L ifi
10" 2% exa E Msixity# B ifihexash S 1L T
10 2% peta P Mfivelt) 7 B i penterft # fLfi
10" 2% tera T Mmonsterffy 7 B 1% teras o # fL ik
10° 2% giga G M giantfy & B iE gigaskE (L ik
10 2 mega M Mlargefy # B iEmegast (LI K
10* 2 kilo K Mthousandfy B iFchilioist L fi
107 milli m Mthousandftyi T i milli e # {7 %
107 micro n M smallfy & Bl 17 mikros b # 1L ifi
107 nano n Mdwarfffy 7 i i nanosei £ {L i %
10 pico P MlittleF P 5t 5 1 picorh AL i K
107 femto f MISH 1E Fuifb s iE femten h # {L T SR
0 atto a I8 iBauen (L
107 zepto z Mseventty i i i heptarh LT
103 yocto y Meightff # R ifoktosh HfLifi

E.2 #RAASCIIZGRE

*E-2 FUEASCI RE

TR HEE ONES) | TR RS PO | bR P | ER bl e
nul 0 00 de 16 10 sp 32 20 0 48 30
soh 1 01 del 17 11 ! 33 21 1 49 31
stx 2 02 de2 18 12 34 22 2 50 32
etx 3 03 de3 19 13 # 35 23 3 51 33
eot 4 04 ded 20 14 $ 36 24 4 52 34
enq s 05 nak 21 15 % 37 25 s 53 35
ack 6 06 syn 22 16 & 38 26 6 54 36
bel 7 07 eb 23 17 ' 39 27 7 55 37
bs 8 08 can 24 18 ( 40 28 8 56 38
ht 9 09 em 25 19 ) 41 29 9 57 39
if 10 0A sub 26 1A * 42 2A 58 3A
vt n 0B esc 27 1B + 43 2B 3 59 3B
ff 12 oc fs 28 Ic ’ 44 2c < 60 3c
cr 13 oD g 29 1D - 45 2D = 61 3D
s0 14 OE s 30 IE . 46 2E > 62 3E
si 15 OF us 3 IF / 47 2F ? 63 3F
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(5£)
FHOCBEE s | FE RS NS TR R R | FR e ol
@ 64 40 P 80 50 96 60 1 12 70
A 65 41 Q 81 51 a 97 61 q 13 7
B 66 42 R 82 52 b 98 62 . 114 72
c 67 43 N 83 53 < 99 63 s 115 73
D 68 44 T 84 54 d 100 64 t 116 74
E 69 45 U 85 55 e 101 65 u 17 75
F 70 46 v 86 56 f 102 66 v 18 76
G n 47 w87 57 i 103 67 w 19 7
H 7 48 X 88 58 h 104 68 x 120 78
1 73 49 Y 89 59 i 105 69 y 121 7
i 74 4A z 90 5A j 106 6A | z 122 7A
K 75 4B [ 91 5B k 107 6B { 123 7B
L 76 4 \ 92 sc 1 108 6C 1 124 7
M 7 4D ] 93 B m 109 6D } 125 D
N 78 4E 3 94 SE n 110 6E ~ 126 7E
o 79 4F - 95 SF o m 6F del 127 7
E.3
RE-3 ZitHMRTER
#i b+t SELUE
2! 2 -
2 4 -
2 8 -
2 16 -
2 32 -
2 64 -
2 128 -
2 256 -
2 512 -
2° 1024 K
2" 2048 2K
27 4096 4K
m 8192 8K
2" 16384 16K
2 32768 32K
2 65536 64K
27 131072 128K
2 262144 256K
2 544288 512K
2 1048 576 ™M
2% 1073741 824 16
bid 4294 976 296 4G




