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%, ZERTATHREEHRFHIRANEL,
4. —FHHETFHSRRAMNARG RL, ARG EMRZEES,
—H#Ha (XRHEHEEFFEL)

code (kod) ...

3. a. A system of signals used to represent letters or numbers in
transmitting messages.

b. A system of symbols, letters, or words given certain arbitrary
meanings, used for transmitting messages requiring secrecy or brevity.

4. A system of symbols and rules used to represent instructions to a
computer...

— The American Heritage Dictionary of the English Language
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(Braille ) RER . XFCFMHEH—RINERSKEREFTR . ZERHRURE N EE, Y4

34



TS RESHRNRRGTRNES

EB AR BSCARRS, 45 S IR 1RA AR,

BAVE A& A RRRERNBATE ORI RIRS , BoAEREER L g
BELE, Blan, EENEEAREETEA L, Hit, BERREMEAREEENR
Mo R BHEIAE T, MHZRIIATT 2 AIH—EREER, 2@ hieE T
RHTENRE BB LFRAN AR, Hitt, FURERRMER F — %R, W
Rt ] AR TE IRy, A2 Esie —Ma MrgE.

BITR2EBR, SFRBNFRL LR REIERFENERE T, 78, &%,
EAMBE. RV ARG A RS, FOATHENLEET 5AMIRE . H
. BEERTEE SRR RRBRA LR HOEE. R, HEYERS—
E@%, SEARIMMDNTEYIREBRE. 6. LEMER VAT 5ALBENE
B, TEMREE (XFNER), £RFHEE (D&, AENER), SRFHES
& (ZEMBRE ), FraXeRimis RRFE el 1% 8%, MBALRETE—E
e (MAEZ) MEENEEEES—FE (FAR) —#,

EERHEIME R REE, HARGHE -FERNRE. £X &P, B1MF
B —RFI “f” A “R” SRR, RSP FEATRAER X “7 k)7, MR,
BATARXS “A7 A “RI7 RN,

2 ff 5 IR R DA BRI AR ARRT , IRSE AT FFRISC T e R F|E—A “” (TRIN),
LHIRYCH RIBRFFAHE A — 2R “Ji)” (18I ). Bl Rk T A B, ek
HEROBEEITI TR, REEUARBHEEET K. EEET - FF, &
BEE 5, EAE, —4 “¥” MEHGR AT 803 & Bl miR—A AT 1
R 1 M8l ABZ—A “RI” PRI Y2 3 #heh, (AEIsEH, RURIRGRLAES
HETIIXEREE ). Bl A B — MR IARFI— MERININGE, BiamExg—
NMAT,

TESURITRESH, “R” Al “H" ZWASBUE EXEEN. i, HRE 7
ARY, FERER) " R T 2R, FrRfEEH—BREE, XY T R R
£ (IR " KR 1B, BBA T ) Z RSB R | M), X
TFR—ABIAPFEE, WETBRIETRS M, XROALT—A “J” PR (5
FHJE 3 Heh, R 1" R KEUE 3 B0 ). TEILL “hello” FOBL/RHTRAD

a4



1 Egwkor—
1 ERERT

1

Joffl, HEBATER RIS ( TRIRR o
CSSS ¢ CEERGS CEERGS NS NN mus

B2 NGB ARY TRAS “%” RHCRAR (usR—A> “H7 Bl +J9 3 #04h,
BB ZIXAMEWEERL 24 6 #b8h ), Bl FELUZ “hi there” FFATRII4HAS o

208089 90 N 58 ¢ sEme» &

F AT AR KIHERE. IS —A R RERAR, TxEnTF
BT SC DA SRR BRI Y, DA SRS A 2 R B R BRI R — MR
SR, ST AR EEE, W R R, YN T MBI B E R
K XA AN, BRI B S SRR, BREGH—FA
PRI, PREEERITIASEEE R A, AR A T,

F—F, RRARASNE X ST FIFRH] AR RN . XEREX RS
FEERPINFES &R 7 M W WASFIIZRIMNNRR, R, PR
. BATRE RIMEIFHEHETE 2 mt, A8 A RARE, B0 Rea TR R
BTty Bl E M T, BFEHSERTA “Siai” MR 20T S S RIER B — .
MAKEARFE, QA Z GXRSEEFEHFHEE 10 545) NSRRI
ETLEN

JUPREA ANERAE— mULER g . =4 E . =AM, Bin=1 A& R Sos,
HERRBES. SOS AR—NHS, KRBT TICNERITREFS, HE—
AR RIAN, B A a2 I8 BANE S B A Ml A Bk ER T B
HIFIZ—BAH, BAH, BAH, BAHMMMMM, [fi & 254 RS HEIMMATE S HX Bk
AT DA R N BRI gRIGHT Vv, BDER] (Victory ) Z &,

BURHTRBIN— M SR, BERARAKEFRAM/ NG 7, HRERT AIUREE
BN, BURMTGRASIE S I — A s MR AR BT PR E , TR,

5 4



T RE—REATTENEEGEEMES

1T ] cmmem 6 -—coee

N . 7 e

3 oo § 1 eemmame
4 ceeeem 9 ] e
5 ] ewens O | eem——

XYL E DL F R AR 2 REDPRRFSH S A, 6 MEE 74 “”

%" EEFFIRETR, WEHTR.

;
A (| =em
72 | - ) | e
RN E—— S E—
- P $ | come -
/ ——r— 1 | e
L — —

B — g N AR R ERME S P EE TR, DR TR ENNSIOF
Blo 40 SOS MGRISRLRXFEN— N EICHF S . WAESEMERX =T, fHERy
[ — A F S TR

WRA DL TR T RENE, R KRR W@ 3 RETRIDA R
BRBEMER, BT —ANTABESINITSN, XMF B — MR T Ak
ST K . A —2ESKPRR FH, FTLGK B4 ¢ 5 B 6 N Pimil F— B KX )
teitiEieR 2 (VHARBREAEES B 100 MRIEAL ), HXELRB T,

LR ARAPIL T RRFRBZ G (XGRS~ T71% ), #R{T
BETELEPERE, ARBREFENES. HT ERSEROERERR, AT
R BEE T (dib)7, B CRI7 EAE 08 (dab)o SCEMATLARIRAER T E LK
TR CH” S, BRI RIS DRI EN AR RE AR TR S T

MRS T 30T 20 PIRRINKR, PRI S . Bt h, BN ARINSY, HES
HEEAE, SATURRITARANER, X FET .

h 6



™~
B

T AP IP

BRTAS (Morse Code ) 2 HZELE/R - BURMTLZ I (1791-1872), FEABHHME
WA R BE R B M. FURMISE SR AR E AR M M R AR, T
WAL, BAVES A EOENRTT . 1E s B 5T R SRS B ATTRT AR 5 (B M EE e 4
BRART—F, BidRRYOR TR AV S ARER.

REBNE 2 LI E R LA B DR . BRI IR #IL RIS,
AT ARG i X 5K & BRI HES I etk

A - j e $

B - K - T -
C —— L cm—e U -
D - M - v .
E N - W c——
F - 0 - X ——e
G - P —— -
H Q - 7 -

| R o

et Rk SRR, K 4RbD i TRRAD BRI B 118 %, BRI EAGARIE



—HH . W ARRNMERENREFIIRRE TR, fla, mRREE—BEm
“l- KR RED, LR AARN B D FRIT R NMET, HERESX
BRI TR “Y” 291k,

MEREHEX R, BABRNMHARE KM “F8 — SRS REeER, m
SRR ASSIR MBI “BERAE -8 FhR. AT I R/RASR0 %
BB, WREAZFN DRI ERTER . ARERIIF—KE, RAES. I
Fix e BRI R PRI RE T 28

BB RPN, REPRIBRRI IS . S ORISR, &
AN EAFNASUXERI I e BI, — MU E—A Ak — MRS AR &
BT B 3 T

—HER 2 MRS NREAS, TUSRNENE 4 MFER—I1, A, NAIM,

E, . [ L 1] N

- T - A - M

—#HER 3 AR KSR AT LU BA R R E B 71,

— u - K

— R -

BfE (ARENTAEE BEERFARR AN SRERITSIEDL ), —HiH 4 P RE
R U SRS R AT AR 16 DFARF

H —~—es B
- \% ——— X
- F —_— C
— U - Y
s L - Z
- A _— Q
S P - O
- J -——— $

b 8



2 WBSEE T

!

oD FPRUERE, XPUBREAE T 24448416 B, HHEFRT 30 NTHE,
bR T 7550 26 M EERELH 44, AT, REFRIIRE—NFDHA 4 A5RILE
FRFREST TR,

YH NBIREABRETBDIINR, LRDUskR TR L RIS TR RRE
YRR E T BIOBTE, SEATARELRRTEER 17 M 7
B, BZMRED A DRREEIN N REEFHTER. BORRBARBRAE, £
R ESTFREEA B, TR W USHHES T A,

YRR BIXPUSR RARFE R/ LR T 47 RS, BNMRRTOENBEHEAR
AT—oK MBI . XH ARG SNRBTEANHE, SRR KT
WENSENE FEM—A 17, SFEEN— W7 AR

HA T DU T X — IR B 4EX AN A BRI

RFXIAEE RS E
1 2
2 4
3 8
4 16

FEXMUARA, BRENBFRERI —KREZHEOME, HiknRE 5k
EH2AMET, BLETHRERNEE 22 M EE, MEBE=REAE 2x2x2 MEF, |
AR — M RERZ .

REYRE e
1 2
2 2x2
3 2x2x2
4 2X2X2x2

WER, MMBRBATER TEFEHER, SALAESENSRARFTRE. g, 2x2x2
x2APAICAE 2 (2 B0 4 K ). $E 2. 4. 8 FN 16 ZRELL 2 oM, BRI LU
B R B SR 2 KB TN, AEBEIEESEFIRBFTAS T EX R

9 4



TSR REEHNNEERRENES

Ry E BFHEE
1 2!
2 2?
3 2°
4 4

DHEZNRCETFHRMEE T WRAE THFH Q7 8 /" WEE, B
XA AR 2 WRERERMER BT UR IS ER BOTTLUUH FHEXA
AT B2 ZORMEE R FAR AT RN A

l.ﬂ;%"—é‘-’]ﬁ E] =9 AT e Rl #4A
M 2 RHERIE TR RR BB, 1 F—&h, RIIEEEm 50—
N TIEB RS ORES RE SN R, s F K AR, a0 T Xk AL,

XKES TR F R RN AI e ‘a7 MR AREES T M8
W A THRSRT, BATRENES AN AEAA#TET W R-R-R7 1S E A5k
W, HFFERHXBETFARROT RN, NESMENALTSE, S5 27 e
X; RRSEETIRAEE W7, ENR— A, BERE— A7 W4
Rz BEHEHEEHIT, ®EMRETE “R7

g
=

o o«

A

;/\5
AR

- M< °
-0

-0
<:_ X

IR, B RIS X R N3R5 SRR TS AT R R AR A B

B 10



2 #msas T

1
z

Mo B, BIRRTRITASKNARNFEEAERNET . RR, X RE4T
PURRT R MR F R TITENFE R, R miE FrRER.

BATTASSEIKRTE 5 UsiEER, AXTasEH TETEA R . 8l 5
AR B R ARIGESE T DUOVEATIREL 32 (2x2x2x2x2, B 2°) FYRE
B, SRR E XK 10 MUFEA 16 MRARFESRE, BRXCLEBT,
FBr EEF IR AR 5 A BRI . BRIERSHMFAT A, 5 (18
FHAREFESE TRMARIRT S,

NTIHFANSFShEaESHE, RBRARVIEYRE 6 L T! ¥ RERN
BAEEE 64 (2x2x2x2x2x2, B 2°) METMMBT, XA ERNEFEREE T
2+4+8+16+32+64, Wi 126 ! XNBERITRHEARAL T, BEXET IR
£ “REX” WIBT., XE “REX ARERPEARREMFZANLTE . MRAKE
B BRI R RI R T — MR EX ST, AIAEERET— R T &%,

HAHRA BAER Bl X — A NAT:
MR =2 A

AR E BT ASREETH B R A B R P SIBTRER NS T2 E T o

sXnEE BFriE
1 2'=2
=4
2’=8
2*=16
2°=32
28 =64
2"=128
28 =256
2°=512
2'=1024

W (lw(w|lan|wn|s|W|N

—
<

SEIBMR, BADEAEESHTA RNMFERTERTRLEE . BFEMK
ARAE 2 Al 5 B CARTR.



BUREFSth g #RfE 3% ( Binary Code ), B 9iXFhRtSA BT REMAN—
RO R XERBEMAALERAL, FAEMERM FRRRIERY LSRN ERE, —
JEXR (BIIEET ) A AR (BImE/REES ) FHEER 2 I RETHR.

EEATEECT TR MBS TE, RXRBEN -0, RE “Ha%”

g “HESTT, TRMPTENOATIARERE—MERNSGS, FEEX X, B
NAGTDHY RREOETEN | BB ZFOFTENRASHEATHERNNE, A
CEERNABRNRE LT BREN TRIERLFRASSTBRER AR
BhfJo



ik E XS
e i i/ F U

FEZIR - BRAARE DR BEESNFRADRERA. L, EEEC
2 TR IR A A ghD 5 T 2 KR, RREA AR E— A X
BRI NEEEANMKT IR . REME SRR A 18 F, ARMRFHIE
T HOHRSHTE, MRAEFE AR, REXTHNSEREESHIEAS, HiX
BRI — 5 AE B HHEE

H B - #3€EH (Louis Braille ) T 1809 FATEEME YL E,
XR—MEEERTRERA 25 HEK/ME HEHHREE—A
SH[F AN TEM3EM 3 SHRTE ANRAREIE SRR TAERIST
BIEL— AN — AN RBUIN TERIG 7 HHRES 450 8%
Feth M B T M) B oh— iR, BEEMIN A SR, %
R, SR AR S b O (SRS K
WA EABEE), {B2/NR BRI AR IR B AT A R SR




T ASTREETRNSRETRNAS

MRS, thafIREMEF S FR/NE B, RRTEM 10 SHIRHR, 2E/ME
BUTHI— Z#REMIHBY T, ARHBEAORETEAERE .

RER, EABEP A TEWEBREE AL ESRNRIN bR, BT - 27
(1745-1822), BREREAERIGIHBA, Y AAL —MEXKE LN TMEXFHNRA,
XAEE ARE T LGRS R SR TR T . (BRI F R4 Ak REE, i
B AR EREIRIBREBIEE D,

EFeANARe, Hiihi B SSARRAEE. SR, — N FE A 3R
— A, MAFE A AICRNBLIERR (REBRWER) B—1 A (WRIAAT
BRI, e GBS AT AIsE:, KB = e B R R T &,
BREBINEAZETRAAR ). EFFCESFRARRE, M2 AR TEHRF
B ARG REEIE & B A BE.

XHIEE GRS AR B R K TR e A EX . &R - ELEEZR (Charles
Barbier ), EETEAM—OIEE, F 1819 £ KA T M EFRA “écriture nocturne” (
W “FRABE") WX TR, thirEgR LRI MINA & RERFE, XY
HAFELA RN R, EMEYCRERE, LRI RUE XSRS ARG SEEE.
I IEA M HENSRETEANETRESS, XEKN EERSEHENRMNE. REA
ATTRE AT AGE AT HE A xR R R AT I T

BEhARXFRAGIREEASIERT  RRAHAMAS FERAN R AR5
BRI RF R, RSB NRSESEER, FHIEMUGR R T FRon— 81,
MARAEARSINTY . MRREFBRENHE, XMREMEREEAHE; HE
FEZR ORI R, SBAE ARG, BB AR IHITRL T .

A3 E 12 B IR RARE RIS R T oA B 8 AR A,
AU Jor e i sl FHERUAT AR A 5 5003, A ef] “5” ERMREE .
AR, —MEALENRE FHKM%KE, st ELl, fERNERREEE
TREIF . BB - AEHIT R H BN F R %, 3 FELUE (B 15
%) AR T HONASZ, MXMRAP—LEARTE, HISROERAIFE
o ARK—BREEN, XMHIXFREABAMNTERNEOANRE, B
o, M ESUERRE T RIS A%, 18354, BB - AEH B L T itg. 1852

b 14



3 BRUBEXS B

|

F, RRTEMSEN 43 SEHRIETAA, FELEBSE b4,

WS, SIS EARANFRENER F, StEmet e XRARS/HTRESH
BHITETES, BEMENEXDARATERN TR, RN TXEXEHARK,
MBSO DT S B EER T THME— P18 . UTEBHER, SkM B CBOECR L
R FREIAIBF, ERE ANPGRS b R . BaiEALEiRS.

X —EREIIRRITAREMES, REEERWM LN, BIDFAREHN Y
JHFEMEX, MERAFTZELEF 2T BERRE .. BIMUEHENT SRS
e A5

MR, §MEBEXFH NS —RACKEME T8 HFARS
TS — 8 gmADIR N 2x3 AR TTHR I — A RE L R S X S R A
SIEEEH 13 6 BT RES

o

OO+
O0Os
300 s
FEDARRLFIH, S8 A RRAOAT BN LR FLAEATL T AR A3 B SCEN ARk b o
BN R AR S B SCEEAR BN LD, Mt SiE R AULE, FTARRAE B
SRR TR E X EXFERTET, SBRETHATER 6 N Eaaa

FRHK. KAFTFZR—MNUENA, NRNZREXNNMERF. flm, T
RIS B X

t-

.
N
@ -

Her, 81, 3, 5 S20RA, THE2, 4, 6 ARMERFN.

BERAVEIER, X AR Z#HHN . — M RA s P RsEE RN
R VLA TAT LATEAE BE/R B bl b2 B (1 SR B 2 4R SeM- B 30 b ! 3R BT
EA2ME, S48 6 &, HASNSAEEMMBMRE, Hit 6 MNFERIMH S RA
SRR 2x2x2x2x2x2, B12°, thgtE 64,

15 4



— R REEHEARE A ENES

B, MEHEXRGRBIR 64 PARBE . TERUERATTHR 64 fiSF,

- .. . ® - ) -®

- . .. .. . . = ' ..

. .. -9 Y -9

. o0 . (X .- oo .- .o
. ‘e - - o .

- @ . -® .

. .. . - .

. . oe o0 .- . o0 oo
- - e ° Y

. . .- o0 ° oo ) o0
. . oe o0 ° .. oo Y
PR .« . . O ] L ] [ ]

. - o | [ - o

DY .. -9 O ] - . .. * o
.- .- .- .- o0 ee oo oo
o0 .- [ Y ) .- o0 .- X

.. - @ - @ .- . . . - @ I )

. . .- . 'Y oo o0 o0
) ‘@ PR Y ‘e Y

. .- o0 o0 .- .- [ X o0
™ .- .. .- oe o0 o0 ')
. o0 °- o0 .- [ X °- oo
° .- oo oo °- ®- o0 oo
° .- .- .- ') ) o0 )

BRI B AR FEE DT 64, BB AT, A2 64 ANATEEN
B — Bl A A FVE Y RAnEA IR A S 30 B F BT 64, [RIERE
HEEE T, BNSMEEECER, EEWEEANKFERE—IR 2 12 BAEET 4.

ERUFA RGN B, BABERANNSFRE.

L ® L X J 20 [ 4 L X [ ] o ® - @
S - * 9. o8 eo o oo
o o . o o .- . o .-
k 1 m n 0 p q r S t
® - L] L X J L X J ®

P ® - O .

s oo se o8 oo

u v X y z

b 16



3 FRITEXSTHHE T

Bilgn, A2 “you and'me” FIFRSEM H RN FHG

HE, — DR e FRATT N AR T T — N a4 TR R
M=Kz (SR LR A R ERTT ) BT BRdTR.

XRLREE ST - M RRTHOM SR B U EARNTE, E0uRTh T FRRER.
SRR [ 3oRE BT S T RIS, XTEE R EEEEN R R ERE ‘v
EATRIGED, FATEEGIEERAS TR (GHEL, AN FERESHIN,
TICRAER ). BRI, 64 MESFHIGERT 2514

SUEFHORE, R, NEABIREBAN ZHRSEH B SONsl T (NS5 R
=) W, ADLESH -, BH (Fika 2l j) RAE T AR FErrE A
H—28 1, 2, 45 fo BTHES A 1B —HERGADINEERE |, 4888 3 SO
SE=HRIGH T RO, U5 3 f 6 Sl

HMB 537 - S KM E XLk, RN HESY BRI &M%, Bl
SCH R H B B RIS SCR GBI —RAR 3 5 3 ( Grade 2 Braille ), A3 B 3L
ERTRESES, DMET RIS RS, fla, WRFEOET R
W, e NEER SRR, AN RN (B8 “mBN” B=H) ARIMBR
TXBERENET.

" ® - (1] [ X L * .0 L i J -
"o [ .o N J I L o0 o8 L *0
(none)  but can do every  from g0 have (none) just
® - L 2 ] [ X ® - *e *e L i [

. = 8 J R J [ *e e [ 2 [ 1]

.- .. .- .- .. .- .. .. ..
knowledge like  more  not (none) people quite rather  so that
® - ® - L 1] [ X J ® - (L] [ 3 J .- - L ]
.. ® - . - ® - ® e - *e LAd ® - L 24

L X J .e L 3 J [ 2] *e L 2 ] .e L X ] L X ) [ X ]
us very it you as and for of the with

Hitt, %iE “you and me” ]l A M B SR AT AR :

17 &



“WT%@——%EEH§MHE#%EmE§

[ ] [ X J e @
® o - e v @
[ ] L X [ ] .o

FEATCAE, BMELMAT 31 MF—RREPASHE (RIEA AR REE
o) KA E S 3 s 10 MOFERAERT . SEE ErUIRRIR& S H—e4 A
tb, BABEZESTE. EA FRERAOITHRITEERIRARE, A EmEHEXE, &
BT T 2B

B, BATTAERIF B a B j ESFI0 6 S A s . XEHHFEE NRITR

B HERSES, SHERIRTEFAON w 78 (4§ F RS B3R 4R
B—HF, FoR w FRHIGIS AT PLROR—AN 8 ),

»- * L 1] L 2 * - o® [ X L [ 4
.. o - .. - e N J L ”e *® L] .
-8 - . -9 B N J - @ L] -9 .
ch gh sh th wh ed er ou ow w

{ will 3

Bign, i “about” i T FAhsM BT LAILLE:

- ®- @ @
.. °

SRR, TN 2 B1§ 05, “BE" BERIRASL, RAEHSH2. 3. M6
s, SHEREE THIET . R L FSORE. BRI R TR A S
TR,

ea bh o dis eh Ty o his tn was
! 1y "
Bl 4 MEFESHRGES, 45, BSMUS. TEAENE, AGHSHERNE
MR T, (HEFTHS]HS 6 ARNARARKE Y .
HACHEBAIELEXT 51 M7 T, “d 3, 4. s A6 5" MSTHEARS
HAREN, MHK 6 AgdXERasRmLY, BIMMHEIREoR - a4
SHHAARAT S,



8 FRMEXS—#Em T

- ® N i J
- e ‘e
L 2N LX) e . - [ ] e
st ng ble ar ’ com

!
li #

FRTFRHBRES “ble” WM FHREE, FNNEARRERRENBER—IBE,
HHHIEL %S 2 EHNENBF IR T . TR FENEFE5FR RFR] aFlj B’\Jﬁ%?%#ﬂ
M.

. - [ X ] (X ] [ 2 (X ] e . . .
e - .. - e i J .- (X ] (X ) L e

t 2

(2]
4
-
o
-1
o
&
-

Py, THEX A

RHIBLRECF 256,

WMRIREBYREE T X, B2 BEFTEE N 7 MEFEAHTLE ABRER 64 MEF,
A

e e

BT (4 580N ) FRERE WS (accent indicator ), H ALK F M X%
FEBRIRTREH HMATIRE: 4 S0 6 SAMERNT ( EXRME s MEF), RE\ELT
YRR MR EERARTS (emphasis indicator ), 5 B 6 5 S MEMNHRE, FoRY
“WFHARETE” AN “FEARRFF” (letter indicator ).

e (ARARELE IR D9 36 B 3O 2R K E FRIL OMID IS ), Hileh 6 5
ME——RERITT. IMFSRREZBNTFEREROF RS fian, EATIEX
BT ARRSIF AT

o -
O.
Y R

. - ® . .
- @ L N

XEBELSAFR T —MREFEHrHA, 81, E5F/RH ou, FRifls, LA
—NERg, BN KEFEEARRA, £FFR b, r, a, i, 1L 1 fl e, (FESEBRR A,

19 4



T FE—RETHRIBREATENES

i

ARSIRLT RKBAR TN 2 NF AR, A EHRm )

i ERTR, AT 6 fLTHEHIRD (HBLR 6 4N FrRERRINAEE 64 PRl BRI4RED
EHZH T —R, fHIX 64 HgISrHHERKR—I5, BT SUUARREENE S,
REEFERNERERTACRTFANBGY “BERARE" NEERAR. EITRETEH
FIBPEX—NRTRFEIRTRT, XNRTREFRBRAT R GoXFO4RSEE
WARPE “{82ehS” ( precedence codes ) BR# “¥ak4h3” (shift codes ), ‘BT EERIEN
SRELHIE N, EEIERRER.

AEFEFRAFR I EEENFE (MEMUEEMERNTR ) MiZEFIRE,
FAUXEERIGRADBAR N “hi%hD” (escape codes ), BRiRADIEIR “HRES” X4mASHE BN
—RAERIREYT, TN —MEE b, ALGEREYHRIEESR, HtfR=
HHFBDX S TEE S TSN, HaASR AR A2 5 W,

20



“““““

T i) B9 T

FREN AR 20, e DA AL WES YRR T Rk, A
TFEEHBENER, XRAREPRES LRI, SENFATRE, &£k
EAREREPRNERER, 51 AMEFMHBIRITHR,

RE—METHNRAR. FERCEHEEMN AR Z N RY, BYARBZME
WELEMR 7 TEIEN, ENBRRE, XTRIVEEERRIPAM ., BR,
AEARBHBABATCE T EHBF RN — THRE T, =24, BINMRATE - B 8
BURT AT AR R AE T AL B TARREE,

FHETERK S ER R RN TR, FIT—MrERFasE, FRegm
BHEA-NEH., —NMTE. DR, —BERR, £F NS XS THm e
*49}‘}'1:60

FRARERBIITER T TR E— MR TFRE T YR, FEFE &
MEE L (R ELEZL), WIMKELTUEXETTHERER, W METR.



FE—RETHENRENETRNES

EE, fEEnAD, BTSRRI LS., BREITX. RXmin
MRS, TEREARS, LXK TAREM, TR,

NI SERHIRE R —DMEERRI R . BABERENE, — M eRRE 1%, HAF
ME b2 G2k, BRIXTEATTC, REEED AR R RABRNENRIREEERN, 4768
A REBUR S . BER R BRI T BT S (AT IR Ok B RO, TTORMPE IR #2thilix
TR R,

P B X A ERCIR (1] B s M Ut B P B v A BRI EA R B, B e 1K it 7K
AR “IKRIZKET XA P2 8 ISR AR L I T EROIREE, (B R MR Bt an (= i
AHALR AL R A WITE AR RN, EEEFEP, AR TEMHEANSEY, &
A ERARERFERET.

TR LERER . SRR “HE THE" (electron theory ), 1XE
SIS R R B H0E sh i re A1 .

AT, FrERR—RA s BN B EY— (EEEA T ) #62Hh
AU (atom ) FURREG/NIIRPEARIN . MR X =R T e 52
F17 (neutron ). BT (proton ) FIHLF (electron ), #RAIAIIEFBILEMIE R — /N AFH
A, Hhr MBI #oR 42N, R FUBESER TR, KadTEREgRr
FEFE—+Eo
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4 FREOHS T

BRERBARKWE, JUERRAER S — MEORERIRAN EMERUBEHFR T 4Hm
B, PR RKILXKE ST IR T H A HERATTUEEE S — MR
B, TEEAEI TR,

TEFR AR FEER 3 AN 3T 4N, XERAER R T
R 112 MERcEy —, XEEBE - 1 B 112 2RSSR TFE (atomic
number ), TR T XMTRE-NREIOE 2P SRR, GEE) FNth
R—MRFAENEFE. PR FEE 3.

JRF Z Al LB e F T REES LT (molecules o 43 FIOMEFUE T SHEKE
MR- AMER. B, KERKSTHBR, 81K FHmANEEF—MEET
(BT H,0) Mk, RHE, KRESREIEHANEAN, FEE, RS T2HE
TAER AN, BARXMAMRIGERE R £ B E M O,

2. A, WHNEHETR. KHNEEARAEY (compound ). A /KRS
(mixture ) TIAZAUEY, BOwKMEEE AREEENIHCHMERG

—AFEFHRFRIEE RSN TSR REAR, EREREBRT, Bl
MIET RS XA AR,

H,F (electron ) FIH, ( electricity ) X B A& 2 R IF T A B3 “nhextpov
(elektron )”, =T XM, FRATRESBINIERER R “RUNXOIEHARE" 2 KR,
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T R RE AN R

HEBELIHAEII—nhextpov FEER “5838 (amber )", ERMIHIHARELE LKA
—FRBIERRARE A X RS A A R AR P 2 S5 R B R R R IR T oA R ATt
ITHNRE, MBS BINEETEE, A TRy Bl ARV, RIS
FE FEHEEREERS TIINES R T SRFESEVETEES 1B &
i, MRE SR T BRI HEA e, ATRIL, ERMA]
PAMBATROBE R E B T

JEFueE - ER LA AT (charge ) HOMERT. BirA—DIERMA (+), BFH—MI
B (=)o Ry, AT A . RERIEN T IS MRS KRBT AR 1,
HEH SRR SH AR AEMORE RS X, R ARSI FA 8 FRX
AR AR S MU R B TR FFEREA T I _ B BRI M . X MER
HORF AR IEARBA T BT-Ane T RAH B R o

YPUFAE TEARB AN TN, efSeTRME, REENRS. W
REFARAFZMHAAERER, B RERTEREE . YA BB IR
RET EISER TR, —UIEFRMEE — SRR RIgeE 7 — T, XEEEreE
WA B AER B TIEsh5EER, R FHlE — M EER— A BIRIG Sk, FHE
BT RO AR AT AR

B FHF 2 AR AR AT A R, BURFMEEAAENRS], RERAHF. &
HRT X, BAUULEREE T ERERREAHR . F 2P #—Mh
ERAE R, XS HERIFAMRAZRNES, BAWRZ R “58 747 (strong force ).
BAA RS SIRET BT R, MZEERR ™ 4Er, EARFED, BAUWOTHEE
of B AR AR AR 1T FEL AR IR IREL

FRAMOUFE T TR HEFN AR/ NNKIEY . ERBY, KENZBRERT
RERTRRPAEERT; &R, —BNBEIBKS, #Ex—XREFE, N
ERBEH T M—imtRE A Z B 5 —mATE R

FHREARBHPOEREARELKIERBENBETRZEIRL ., TR ARRET
REE R, REABRTFHAREBHARMN—SBEI S —R. ik, ERTFAEHE
M— BT R B EREN T — MR, SRR, XANEFAAESH E—NET
IR — LT, MAEFRFRRFXSNSHESH—NEFREE T, JubEx.
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4 FeAmE T

L R L - A — NS EH ] T — AN, BB TR

X UIEBAR H R A . B TR — R N L B A R B (R e R SR
U RITR B, BAIFE MR RIS B P AR al. ESGH o —F
i TR A F L A R, BRR MR RACERNE, R TR ArES
2, AR, MLRIFX RIS PR,

KT F LR ABEER, KD AROZEAAT T #.

« EALERERN, HOLARFRAAD, D, C. A AAFIAAA FARIS,

= s/ NN, #EAE ‘15K

= BR—m RN, E NS () Bma AN, IR E—ME
5 (+)

¢ QURRARILER RS TS, R i, sUEELEEM “+7 dalE IR
Fillo

EE?UB’\J%‘*%#%%&}H& AR AT DA T IR L, (HRATEEHIA LA,

» FRATE, i AR TR, AR 1T AR LEE

FrAT AL N PR AR R A A O, R 840 (e BB AL 20 1, 1k
S0y T HANE GBI BUR 2 IR DA B . eA.2
A ROV AEB A £ R 1 i R EE RS =" Wl (RO Dk 118K ), 1T
CEERATIE S “+7 (W (RMONIEAR TR M ) MR QBN o A, Horhitil
WAL 1 HLRES

XML AR A — AT N L BRI AT AR L AR 2 A A T e 3~ Il 39 1T
Be2so BEICIRFA NRATATLABIE LARMIAY, (2B A2/ (b LN
AT R, AHAEAERTEEAG ), W] LR UMW 19, PASD FE IR R 1,

ST MRS I s, AR A 2 R A W RIEIRT s, WL AT LB R IR IR RA T2
I RS 5 Y
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T AR REETRNGE R ENER

FEAFH, 2 ARFTEFEFTHURE .

MRARETXIFE-NMHABNEL—ENET, AEEIEBE, #Exe—
FE, SRUFRMPE BT i fRACEE it B it S RS B TR A A
R SHARMBI I A T £

TR, AR BEEEARR T FRER . P EGBEBRIER, M SR 5k
RIGH T o BEFEMINBRBA SN T ERIRM, BRI RS BIERH N
M o ARRIEMARRE 15K, TR 3K,

INRFA HER AT — A E, EEARTET

P L R IEAR B B A S RTR GEL T-, (HE T IXB N ERAAE B, B4R
AIGERS EMEREE TN GRS BEIERES 7 —&0E, B akbm
B R, W TR,

1 AFRANRMERE, EPhaOaREBRARKA. —FEE
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4 TR T

AR BEREBIE R TIE o SASCERAHREIN “HBE” HRAR, XMEREBRBN
TR HE . HBEWEER 1.5 R, SEMRBNEER —FK. SiFTals
RERYE, BREEERARRBEIITIER. A3 EmrE MGG ek —&.

— AT, BATA o B IR AL THeE, BRI R AR XAE, B
RN R TIREE T &, BERIER T N AuEE, RIFHBE
HABIIERR . BRI R RS 1T, B AR B RS, AR /Rt
AUAER e E EFR B T .

A AR EIER, BTRE T AT, HEIT LHITFERSLE? Wi
AR RST8], WLAGAE, WA DASREE. RiRel LB = SfER (FF
BREHENZES), ARIERATIEARING T, HRAREAERITEE .

—BY B FHAE ) E R R B 2, STRNSRENSER T
NEHAXR. BTESE T Baf TRHUES IARFR, HAWREN “BTR". R
FBFERSMFERAEHR 1 AT, BRI REZRR, X525 SEMBAT
FREMRME XEYBX TRFREE “RE" 19, HsAREIE (conductor ), #ix
HINSHRH, WME. X=RocRA T RAMENR S ARG, HpfEix
HIPF LRI R AR

SSBEANNERTUE. B S HANYAREL EAR iR, 2
MREHBE, IR —P A A RRE T ——Rse R e I L AR R T i —
UM OAAEZ AR (insulator )o BURANEIRLARZ AT, HMMEMNEER ARG
EEEI%. ARFIAKETRINES R RIFNAEE KR, AdBEL FHREAEBS
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T e REm ARSI

M, EFRYBUERR AT LA R,

FEARMRNATT, B3R ERERDMRLEE KR, FEEK, BRI
o MRMRAJLREKMSEKN BETHERENE, SETTERNEIEEERE,
AE T FRESTEER T,

DLHM, TR, XTREEEERITENREN . /RTR2E, H—
W SLFEESNERR EHE", BEIER ST DU E L p R g
Hbifse 2R o

RTHRZKIRE THE, ERENERAEXE. —ANHEIBE 1.5 RIEE, XEKRE
F20e? 5L, BE—BEEMLK - R4 (Alessandro Volta, 1745-1827) {HEHI&F T
84, fibF 1800 FRIAHE—HARM—TFENFHFZPEBAIFRIE S —. BERIE
THRMEI “B” (potential ), tHRLRAFBREIIA/N, AEHRMEEBERERBRET,
B EER AR

BRI, YeEiR BN, X RARONSEME. T8N B3 E iR
MERNERE, RAEXRERSAHRLNBEE. QRFETHRNE “Ba” BKES
D, BEDEAULT . SERNEEFRE—ERERETN, ENPgsES, 4
=4gE, RRAREEXREE, BIREMM 4, BERXRENHEEAZTER.

AR A MU RS R HR (cumrent), HIRSREHMBIETEEX. 1
THRBA R, XL TR - 1NN - &3% (André Marie Ampére, 1775-1836), A5
KR —REFXANBAN “%”, Bl “10 ZHORKRL", RIERE 1 LR, R
FTERUIEHH 6,240,000,000,000,000,000 4™ T 1t BB A H— 1.

“IKHUKE” KHXAHCMIEAE A AR SO . R T AE R K B 3K
8. AERLIEMRKE. BHTARRCUKENEE—KE/8M, k. FrkE
oK, MAE FRUKLRHRS . /KESHE, KERRBDKERED , KEPRKRE
(Y TR SKE (HATHRE) KIELL, SKERNSMEE (4 THRE) fktt.

T, RRALE T REMEM, BT LtE AR RRARES /D, BE—
— R B B ERMR ] TR A B — AR R, ERE TG - BE - Bl
( George Simon Ohm, 1789-1854 ), FZHIBKBEEFR AR HA. ZEREFIIFRN:
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4 FOMA T

I=E/R
Horh, THRETRRETRT, EARETRE (SRERE), R FREM,
Bilgn, THEXTHRARPRMBER, RAEERTTRE,

BRIHE E & 1.5 K, eREETEEE, ERENIEMES = WAEE, ATl
AFH (R ETRERMEER ) JEEARR R, WplRid, R (1) FT 1.5 RBRERRU—1
BRI HTRRAEXELFRE 0.

BRI — NREFESILEARERER (AT, B A EAEREELER
LMNAEZIR )o

XMEEBIRD R, BEDARR 15 R, EENENRMEIEEIER/D. BENRR
FT 15 RVBEERU—ERE/MORIEE. BER R ERIEEIERE K. XBIE
FRESL. EAXBRT, RRSENEBHESK/NTZERH. BlhsFtk:
BACARIRRE, BSPrRERRERT 1.5 K. IRBBRBRIE, REEEHR, B
ERERRLA T BB, IRSFEYETHRRN, BRSOEERK.

RESHIEEEN T XA B [, BATTLIRENS—FR 80 T EFR.
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T %E—%E?Eﬂ"ﬁﬂﬁﬁi#ﬁ):ﬂ’]

i
H

j nnl»

USRS —-——

e AAA A e

ARG g T R S TR R SLE R RRENTS .. XER(IHEREREES
U HBEBE AR M ATR K

MR SLHABRNE, BHERHHL . IMEHSUTRHEE, #%, B
FATHA NN EREREEE S KPR, L3 - F/RE - Zi#i4 ( Thomas Alva Edison,
1847-1931), {HR XM ALTEABRTRMNER G (1879) ) HEH%EN, L
X MIURIR B R R A A L.

ITRREA - RRANEEL, BAMREITLE, —RIFI MT L2 HBHTER.
AT L2 SR AT IR b, B—imERlRIRAE L, SRERE SN [RIHs
ZERIT. SRANEHEEEHIELR. WRBREATS, BLRKFEBRAHHITHR
B, HRATONESEEN, Bafia B

KREHHBFREEM 2 RbBBRg A, SEER 3 K. FrREP—BER
HLBE A 4 BRAOAT I b, HFARIR/ANET 3 (REEDL 4 BR, R 0.75 &, thAlPAE R
750 B, XEWREEHIA 4,680,000,000,000,000,000 NHLFHLTHL (25 ARk
FAF AN RBLETIFRUER, AR /T 4 BRI, XRENT
MIFAIL S ERIREA X, MATHEEF &I, 322 RIBESTHREEZ WM ),

R EEEI, FERFKALT G — N EEN R X TR eaT
Eii - FL¥F (James Watt, 1736-1819), LUNZAVWINHIRTT IAR. RERIIER
(pP) MitE 8L, BRUHEARAT:

P=E x I

AT RER 3R, 0.75 &8, XEHTIERMZE 2.25 B,
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4 FoEER T

1
i

PR BERIFE T 100 BORIAT . EATOETHRERTE 120 ARAHBET TE. AHit,
BT IRRRA/NET 100 FFRPA 120 £, thtid 0.83 22, FrLL 100 FLAT Huftg s ke
120 {RE&LL 0.83 22, B 144 BREE

T, MAERNROE SR TR AR BIMMISHT T —B—Hih, SKEHTHE.
HE, EANEL M EEN !

R, BRI ko SRl B P L R R T Rl . ST Bk B SV R I i
BAWRERORE D “IF7, 8 “PE". JE 7 8E BT RS, HeAnved
Pl (“HIET BT XPANE, FEADRRERIT O, HE SRR S TNt
AR, —RASKNEEERTREFTERRE; —MAARIFER UERRS
i )

HRAREH A IRSEBITIRE. BRHARRARE L. MR LAk
Yo BRARBEIRWTRIA M L R 2B IR —FE, XA TRAELZITEN, Ea
TEXEN AN T - HZARRES. ERERNETTH, 3RS i S s
FEERHE SR AR
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128 7o fE—"MuRIIH I, FRisdF AR R AREISIOETF . MIPUS
PR L B A 1o (R s sk AR 4 B T L 5 DA ST/ b 7 ki A2 e
EAHEEIS . RTINS A, R ORRO S, A A T I 8 A . SR i
St —LE BRI, AT R A T ITNRR T«

AR EUE, 3XAV B R ACRIEN 2 B8 S RIRED 220 8 PSS 1 . S R 15
&, HEEEE PR AR BRIEKEEARAS L, TEEAME |- @i, AN
SRT- BRSO ISR X T

{5/ AN

AR RE EME -850 T2 AuR T, FrRAARSTS Al . 41 . M
ok Em A FREAT. A% ReERh, RIS E G TR R PR, SR ME
FrolH AR e SR BIRS, SRBARENEH , ZEARHR A B RN b

HHRRBES



5 ﬁﬁ?ﬁ ﬁrﬂ'\ﬁﬁ% T

R A, A SRS A R RIS . FEUR R R B,
FHEHAFRER R KT RE (BHETITRES ) K.

e e

TENECRIEGRE CHT B (BBIEA SRS ).

AEFRER PO TRERTAEIR -, REAENTRARIREESR
DRI TR K T AD e BRI E OB AR OCHI i, R AR LROAT i
RS

B3 ' '  GEEEET

WMAE, AT LAHIB RIS R R A 8 T - AR SRR e x4 “ T, IR
ST AR D) — BRI AR “Icii g™ dees, A iRERIm ) &Hzm: BB

BB 3 RERNEBF

SRR REEERRE — LA AR (TRETE RN T, IR 0E I
A’I‘HEZ&*A\/ EXSEAARM LR o IR oK, 11 fRgs FRACR R 65 BRI . fthnl A
L3RR AR B CASIERIN AN A B AL R KR A S AL BRI Do

BREAR PRt vr T LASK T 5 B B ARG ABGE , XFERT AT 25%I0 52k
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AR BB

LYy

REAENEBES

R, XA BB SRR . HEXPIANEEE (BB AT
) KRR EM R, REREENEERGEERR )L —H.

XLk R AR 2 FlE#E (common )o iXANELERHA AR, ARZIRIOAT
FIHLHBAZERE SUT Y, BIBRAmILT 105 i MR AL 85 R . Fefi HEB h FIBIAS/INE <3
HLXERITELRATR T K,

BAPRSE—SRE TR, UARREANASHEEINGE. Bk, JREH
ChximE Ao, RIABRERITIME AR, LaNgIort T BB

BIHIER .
T »‘\-‘ i

R8BS RARRNES
HUBR O A A IR, BN IR e B A FTUA L r T A P B

MR R R, TVRIIRIEE LN, s R BRI SEEH] 7R REATE
JRK. TEMLARDAR RERRERERE.

LORFAPR AR R G BN, AN RENIT T, AN —TEE0R—
WiT, A EERIATTCEN & Ba—MEOT, BB RRAsEED FER.



5 BUBANEE T

J

“n....”,i‘é].é,%.m,;..m. S - mm’ﬁ&é%j"
ML AN BRI R RaE R

HANEL 2 SR BB G T —REEK, @ XFsR, EEdEmss 1A
WHFRM 4 BV E T 3R, T4 T 25%H L.

MRBN RGN RRKMER, TREEGEUIH AR —RRLE 21
ATF 7o BHBRRUR, WTHRBTXEM®H 1.5 RTRMA/MTIERN ARG, XA,
TEHANREA HEE AR 100 RIGHAFIABZHUTHE, AR T 1o

LUF BUR MR BB IR ARS I SRR ST AR R FIERSY IR T AR At R
RERAERR WIHEABXILA —ADBERREK, AT ERRE ., XMKRRER
7900 K E, mER. A0, K, ERGHE (HAREpr 2R AL ) Al
MRZANERERAEC) “HER”,

T8, AHSARONEIRE TR, WE, ARARIEOENERE. S
b, BEHAR-ARFOSEK, REF R L (FImEE) SRR (4]
W) B, HERNAESAA —ZMWR: SIEXSREEE. &R
T2k, HPRMEmRd T —RMSL. R ERIIIENES . B3ERAKT .

TR Y Tk, AT Z R PULD AT BARAR S 2 M B o PRAAZUE HER 3th
LA e Bk, R R A RARE B S. XIE AT R, A6
ANED S HUR ., 12 FTHIFSREE AR EIeth 7 SHER 150 K5 e~ Rl
YRATAR =D REEEX A AR R, SR LI RS &&, WRIEK
7K SR, MRS MR, A2 ORI AT K L8 ek,

JeTmRrRE R, EERANIHILA “earth”, fESSHM “ground”, “ground” X4
RS XA — SR AT, Ee s FRE R A T SO Ardi i) “A g . &R
TR, ERaERRRIFEIH, “ground” #ARFRRYpEEREH.
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R R

FERERER, AMTHITRS Zorigit.

L

RS TR T—RER XA S, B TR ERAC (R A E— MR T 8
TR .
BATPREEFRORE R I TAER . SeM— N BRAR BRI R .

-

RlEF RREBES

IRARBE R S E AT IS, IRRBBEERNIRA IS T2 RS,
BOAPTAfEHER 2 i — R B 2R

-

FNEF EREES
MRHAET R, BRI TERED,
|

N
/ \

L

mmET REARNES

B AREAE FR THE, Sdi0a. SEMRERIITR, RIi5EE2 R R0
IEARo TR FRAIVEM B SARIE AL T 1Y,
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YRS VPR BUAR AE B A FABAEARSURRE 8 SURKHOBIEEANI T, 2R G
5 R H B A AR R B RO R

KT SRR J 2 B 2 1 AT L B B4R, MBIIXUS, (R AES
BEIRE: TR AR T LM HTETRAE. AR R
VRS Y,

Beth, HBRR -AMEKRSE, BRBATR TR EE R TR
HIER 2 T o0 FRAA IS PE 2 Tkl HORRE—NEF TR T2, FR thR—AK
HoBEAHI T H.

R HERE R A — AN, FFELCYEATE 1.5 RTHLRAVIMT R, Afeiliig
B B AR THRNAB T X, M TRAERis, RRmmIERAR T

PRATREEEE, ATEARErPATER R, HORESE T, mTERTR.

L

+

e, BREAFEXMEST . BRERKEFE V" (ForilE) kREE. Hik
BT R A SRR R BEBER T I P XA

L

REES BRBERNES

FEVEAENEE, BEREHWARIHFNEE BAHE vV 8RR — BTk,
SREIEHERR AR TR B TR SEd iR i T A TRk, ek
THFILREEIT I TAE (BIINSRRATH ).
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CAE—REEHRAREHEEGES

S AR A R ZE RS (zero potential ) &, IR NIFRARE, BE—
A i E—E B A%, X SEAESHREINERN BRI, TH
PR BB E R E - O — R — AR ATHRILLEE THE T,

EE 4 Ed, BIIRIOEEINIAFBZ —FEHEE &R, AR
M ERK AT AEERRR, EBrb, BURE. #RAT LA F AR R B ok B =2

BV, KRR HZER K. SR SR SARBE R IR ER
E3

i, FE—XTHEE AR (SE BRKE) BT, BAVATPIRSL, Brbag
TIREIRIAR 2 FIERERFERS, W T RIARN SRR 2 R S

% \'

g5 ¥ = F;S%?r

XIS B S 2 AAR BB R 5e 2 —FE), e ATARSR BT, Bfife
T 3 & FERRT S T Z FHIFE

AR, BINCEERIETHON TEZE P 2B AR/R AR,
B R ENITERE, H A RIEE TR E R A MR 2 M.

REFERASE, BOVNMTUMER—MTLASE A1, ReBE& 2 SN R
£, MAFEMNECHBILHZEEWES . FATTASERA ETRERIHTERE,
AR BRI

A EENAE, REFRRFOSHEE, BREEBAREREN, &K, B
R RE bR . FEREBRA, ZRERFPIGHLIAUBUER D . AR, AT TS .

BLBUEEATT MG 2 K FLIE? XERIBRE M, B AR
RIFORIN 4 RFLORUAMEE, MRA R iR, FFHEHF AR AN
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5 iBAEE T

T AT HARA, hFIRFEMTCLRHRZE (Radio Shack, XIEHERZFEMNE) W
T 15 20 SHIGHIHRIEL, BT 100 R 9.99 Fit, HIESR BETDEITSBAERS
ERBIAEERAL LN EAWINES, RNEIMARASERN, HEMAHE
MIReRE. QURARFMRARAMENZ 2 RIMEEES/NT 50 R, XBHIGRMES T,

SRR AN FEE L 247 ( American Wire Gauge, AWG ) HHTEE. AWG /i
f/IN, FEGENE, FRBEthRRER/N. FRIEM 20 SAMRIIRLIES, HERKLR 0.032 F,
KZ)E 1000 ZRAF 10 BREGEFE, st il v RN Z IR AR BE R ——100 RS,
KA 1 BRIHLRE,

HOUH A, ERMRENTFEWR R ERLEYE? LA/ AT 100 BX.
1A F—EH R A, BAT/NMTEARRRA 4 Wi, WEREER, TURE S
HHHEEPHURREEAEE 075 % 1 (3 REREA 4 ), BIAETHRERLL 0.03 2082/
(3 ARERLA 100 BKA L o JUFRIDABE, XSmRS FAT .

R~ AR D AERRIUT R, BREBEES I 10 SHEL (TR
REMRIEAREMSRINE, RNt 35 2R 11.99 £it, REEMENKE, A
FXFFERAE 1 MO KA 0.1 35, AR 1000 3ERAH 1 REFEST, #
ARG 5 MK,

F—PRRER T ST, A EOCHFERIATIR. Flin, —DREEIRRERI 100
LT, RS pAE 120 RIUE F AR (SREITTHLHLEE ), K2UH 144 BRAVHLRE., £k
O FEL REL A L BR A SR A/ NP & o

fE 150 FRT, AMTHERSE— M ESSMAIRGME IR R AN, XEEB R IR
Bl MRZM MM ERIEERBENER, BREERETeITERSEIIF. Rkt
TR, REEEEEERLE 200 B XA SA LA T B HEE
B, ERARKEER.

XA IR T SE— AR THEARN, s RMREE WLRERASEK—
VEE AT RANRERIRE, FRIERRETXMEE, BN HHEILARSAS SR,
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e

HLFRBIL 5 48 HL 4

R - 25H] - 4B - 50K ( Samuel Finley Breese Morse ) 1791 F-H 4 FE 5%
g}ﬁﬂ‘i‘lmﬁd\' UPtieE, X pR/ VB 2 RS R A T )y, (2T L A dbiB. SR
W AERRY . FESEIRIZARIE M AT, I TR - PRI AL A s SRS T
WA M BRI AT R 40 G ¥R 51 /SR AT - QTEEW*H%KE 2 BRI
KAt KR SRR 1 1791 45 LR S 1 s - -SRI ——CBEHT X The Magic
Flute ), ANAJFAE 35 LR S KE.

ST HIG KA B ER, Rkt 1%
BN o A SR I UBHFR S ) General Lafayette, 1852 4} ),
IAE R EHAEH AT . 1836 4, AthPAshr e AR s &
SERAATITR., M8 T 5.7%00k 0, fthid & —A RN
G &, SURHTIE SR B3 - 3578 (Louis Daguerre ) K3 EHRE AL,
S SV, JF LLAEE 7R R e R . (1 1840 4
X IR AL RLET 117 S0 54 - A5l ( Mathew Brady ), TlJﬁi
WUk G, TR T AR ALK T RERNE . TAALE - AR
( Abraham Lincoln ), iBSHFFEER « ST AN SR




6 BAENSHEE

B, IEREMRMCGTERWVAERR LGRS . B8R - SRR A A A
MIAMIFTEAAT, BRI HRIRARIL, AREAE 7 a Zr .

SRR EEN THRAIPREEERZ R T, XBEAR SRR BRI AR
Mo [EIFAR) 19 el ), AR rI LA TEIN @5 s i B s, BRARERNHELX
WS BN EE 32 A SRR R B HORRE] (BeAY Zae AN, s RANEFRRRE] (SvF
FIUAE B oo RiBh TR ), SR A U TSR BE S il s, (B FEAEZRmn
MAKZ%, HEFEDL, KEREH.

SRR BRI R L R, A9 TiREsiE sl s, M REER,
BRLEBRERNTER, BA—2ASEL L, fEAhaRS, EBRLHEDE, M
BAR SRR TR, ST AETIRERARES, RBEAUERN LI,

“HifR” (telegraph, FHIEERLE “mIEEPE" ) XMUELE 19 HE R AFHILT,
Mo BAERE/K - BURNT 1832 S 2 AT, HAA MO LTHGIIRE 7. it
FiR, BRVREFRRIRE R fEREMX R LoRHE, RN —mE
AREMEN, XRFSERN E—-BhAFaEEER LR ERATHENGER-%. £
gWe, SERETCAEAS AT AMNES RAERE 7, B E AR
1879 AW EHE K. ENERFE, E/RIFIATH# (electromagnetism ) R,

WMRGFF ARG, B2 LHAMSLS/ VR, ReEILEERER,

BHERUARN T — SRk, BLAEE P AR S| RARBABRRAIER ( ek b 250 218 2 Hy4H
T, SE BRI, fEBIE RS AEERIIR ). WITTRR, SRR,

RS ARLA R AR IR G BT T 5, PTLAGEARER B —imtt FL i
BAHRTEIE,

Khr b, BERIINE— BBV ERBECHIRAEE R, BRI, kIRA



T AR RESTRNSEARRNES

i
§

G ZHESERETEA B2 R, SiER T RN PR SRR ENEE, a5
WD SR, mRVAHNA—EIESR AN, BB ERT ., BEEAE
RAELCERRFAZ NN, AR EENZEERA, FE, SRNE KT
— A EBERIRAFNERBAL, XBE LT - 7 (Valentin Haily ) W S—8 AR
B ZHANEN T,

RETE/R - BURITE 1836 FBA /R, s 7 iimil, HE2ET 1843
F, A BiREEES, HEAE T ANAHES. 1844F5 H24 H, XETIEMN—
K, M40 ERAUR DX RN TG B 22 B /R BE T 2 [T P B AR AR BG B SE AR, — &0 B nlioh
WL, WREXEHPF: “What hath God wrought!”

AR AR A S BIORE, HSMNEI TEFTR.

BRI, HIAR—MGRITNE “BRTHEE” WFXMNE. wRFE
TR AR, sfEnske, EE, aEihEEETHR, BEEERLET
o, REFILEIE MRS /NI, BlarE—1 “f7 ERFN. B MRSRE
FRHOI RIS — B4 — 4 0" ROB/RITES

KRN A e — DR, EEER N RSN AR BN, &Y,
RS FRE — RNE. AR EE A — MRS - SRR,
SRESRERENNERSHERE T, A4 EmH A, fEENSRURETRMA R
SEATDARELXEE “A3" AN 7 FCE AR T,

R, BATAKEAWIEM, BIRRERITHRICEI, AT ARE B il
TSN SRS T RO EOREIR LS, TERAARAIRI R AR INHBT, WER
LREF, BAREAERRN FERR,



6 REASHRE T

)

Y RYIRREREE M, RSB BESNIE) FmATE SR TR, Bkl W7
MRS, HTTRgEnRiR, BB BIFERMAE, L 7 mmaoaﬁﬁﬁ%
WO AR RN R AR

g, RS, B, £F SRR ERE K, mRnaR rEESwEEY
RO E i FLBR IR AR L

{resE G RER BRI

IENBAWARTAT R BOABEE, A LIERT AR REORER PN R, QRIDERRE
HENHRHHEB S —ER0E, —RSEMEB T .

SAREA W E— SR, BATRTLMEE B MAS V" &or. BT

MR RSN FERTR.

mweRs T ERBBRG
BB S UNF ZEEIN— AN . XSRATHT—Frh M= U,
AR L BIAREERBREN TR, AMIBE— KB NRRENT /12 SMIEEES
TR TSI 20 1, T B BRI R SR BhIa Bt . 1T AN A TR,

XA T Z3H S, BAEARRETMALES (OARRIE, LB, Bi)
PreE RGN, THRRERUR ST T, ERER e XN TR, .

43 4



T S REmISE R

k. BrDEEN BERERL.

SURBT B ARMIIE SR M HAR IR, BOPEXSBR A AN E R,
YOREFRBME AR RIMREE, BT -RETUIER T, ARk Ag
LIEMBERRBOX 2.8 1. BRIEWE E—FRBMME, RIS KHIIREH
REFEIHREME. RE SRR EMNTE 300 RiVBE, MEAREERELE
M 300 HE, HELHIER AEARER,

B, RE - NMHYRARBIZEI-DEE. B8 200 ZELL, -1
TEANGURRCH R aR IR, sl IR R, AREHEER k%,

W, BREELWBNATER, BSOS ASKIN-—-80. miHERIAALM
MARBEL Z MW —ANLLZH, IFRE-PMRE-R—HR/NBETE. —&F8MN
RERE PR, ERDR AR L. MERRERIIREEREM b, RRRENEE
iz RIRTTRRRAAALRIREER, REHLEl], HXEE(IEXMAE
RIS

FHER, RERBUCT—REBNEEREEER, L. B, MELERLNNTE
R, WL TR YRR, EITRARNRERL S, BE, RETE
BETRE, ENAREFIANRITUAERAER, F1HEEFEFEEERIRT . XHY
TADE ]

B—KR, SIREAERERR, B 7#LSS LAME B TBINMIL, XNETEE
Rt TR KT, RIERBLXAERRE R R 2, PR EI RS 2% LT BER
MNRSHERE 8. FRRMEINGR TR, RE AR Ramait L=
FRMEEERD T, W TETR.

BA

BAE, REFLACIIET, T FFRRKEER, RELATALSARMR, 89705,
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o emasEes -

I
'

XERNHBOEE, BERELE, F8/R - BN R ENRME 2892 T4
RIS NIRIEATRIARIX MR "SRR SR a5 R R RIR, fZ3ERM
RSN ERAIL, RN XEA— M TRERRS, X xdEs
A AR, B XM, ARSI “BOK” BT SRR
R

SR REEI T

S

B —

HRARRRAL Bk, BRI S RARE TR, MBEHETHX
—H, EHRTETUAMER LT

7% N N - ik

i, - amyag. MR, TR NRAESEERT, ZAZHETHE
RIX AT
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— SR REET R ES

RIS IBIS T s T pEERmSRY

SRIELEE R — M EOSGER LIRS . MR, BRE IR, (XM TR MG T
FASE B AKREROAR, /2 BRI AR DA Bk e s — B AT B .
Shr b, e, BEETRRY — G e EALR!

e, ShmER-TUnHAENAEY, UETRREMELIEER R, ik
HAMEHER &, BEENER, W EDOhEE L. XaMEFHRIEIER
T, AAEAVEEREZA, BEFRATTHE.
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KA 1A BT

MURAEGHMR, E5 RAER—MRE, B2 HFES ANEFREZE /DAY
—19ME, FRDAFRATHRIE , JE3C Y “cat” (35 ) FEHALIE = AT LS gato, chat, Kaize.
KOIIK & kdtta.

Rifl, BEMNFHARPBLEGH USRI, AT 2085, 2
B At 20N ES, TEXNER FJUERra ABRHUT AR BEHT

1 23 456 7 8 9 10

AEE AR ECA B BAEET T

B MR BA PR e b 2 i — R R 104 . AT 1A 2R

3

AREZE C SEMEMR ALK FHATTRESBAAE 3 MEREE 3 Ml
2IRP. (HIE MIA A B FSORERZE TR IERE N NMIAEH | AT . #hE
BRIEE 5 s B I O BN, thAEBRUChBERE 3 DERN—FEAR. KW
BT BT TR ARG, AT THADRSE, B — N - - AR
XA VSRR AN R AR



AR RS SR EE

HA—FBERFS 37 RER. RRK T —TirhrRA—ES AL T THREHT
IXEEHR

FFERIVAR “117 &or,

BTSSR 10 AR, KESBCCERE AL 10 EERIE
TR CARRMEZIL 5 88, XMEGIFAE R, B&itth, MIFBCKTH
K MRBEATIALA 8 Mk 12 40F45, MBI ST Uk & MG A,
HEH Digit (7)) XMARN AT, WAWER, HFAEARFHIER, XA
BI5E . T five () # fist (23K XA HERFEARRR AR 2 FIFFA0EE

AXANEX L, P10 ARBEERH#ASF R AT EMEN. H, KXk
MNETTHHBERT TIVERFHNEX, HFHA TeiflsansgE:. 1 —F2—1+
4E (decade ); T 1TER— ML (century ); +MELFER T4 (millennium ), —
FA—FHEE—ES (million); —FANEAMR—11Z (billion ), PLFERZE 10 1Y
/€=

10'=10

10°=100

10°=1000 (F)

10* = 10, 000

10° = 100, 000

10°=1, 000,000 (577 )

107 = 10, 000, 000

10® = 100, 000, 000

10° = 1, 000, 000, 000 ( +1Z.)
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7B

REBDT B F NN BT RATRIRT BT, Flan: A Wiz 5
ML . BB, IRA— AR T, HAEEZ RN

Bk, BIIHAFELFRIXMASE: W 2BHSEENAS T 2R AE—R
RS- i R el b s Fon AT RS 17 ™

REEEE K, HIT DA, 8 27 RS+, XMUKNSEBRRATET,

o I

AU “BHE—MEEFRTTH.” TR MEFRGNEET

A RS FERET, RAZDRFEMNR TSR BATIAMERE L, L8088
FORERI F E . — 2B, 8B &XOBRh BT BT, 4 ARDR
LR LR B (U RO A YRR A DIROR ) “MCMLIT” A RERT
X W RATH Do

27 AWM SR/ FRR09:

£ XXV

XAMERIRA B : X R 10 MIL, VR S MR,
ITREIS KOS DB E5H:

I v XL CDM
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T GR—REETENKEFERNES

X8, ZRIEXRI, TUEME— I NLEEZE - NERNTFE, FBVEHE-RF,
FR 50 BNV E—NX, RFHF 10, L 2 50, C ¥ HHI centum, ok 100, D 2
500, ®fE—A~, MRETH T X mille, FH 1000,

REBATTERARINR, BERK—-BEERN, ZFEETHAMIERR ST,
XN 2.2 SRFARMEICKZ - BERHE SR, 3Bk, PNZSEFEAEN
R ERRAAERAALARUER N EEH, XU AP TER—-DV, BNV E
—MX, AN XEAL, Uk,

ERMZ SR HITREMBEARE S, REAMEIBFERSE (BHRESTF
A% ) M 5EF RAGAAMU, BlWEATEREEERFMAE-TAR, SEE
MG LA LT E SRR S AR —T TRR, B HEAIFARURE M

WA BEAFT RS T Rl HHEOh AT, ol LIARVENE-FHAsE &
$o CRETEE, BAAEEERKHEARNM, HhR#Zrsie B xR B s
B - AR - BB (I AR ZFATAN SR “algorithm”, Fi%), M
ATC 825 FEAEAE T —ARTREENS, Hdptis reERHEAR L. BT 0%
AAEHEIATT 1120 £, EXMEENKMNT BRFHFAORF ARNHEREE
B,

IR AT REARTARBT RS, AT =50

o [IRHARFE ARG R MM BN, AN, —MEHIMERR, HRERE
AR, T -ME, ERERCERRFENR N, BRREEN (H
R b, BEFHABREEE), 100 Fl 1,000,000 XBM 0D ERE—A 1, TIFEA]
HIiE, 1,000,000 Emt AT 100,

o PR EER OB Z AR BE — SRR AR T REMEEN, IsEMXE
AEE 10 ETIINFS . TIERITBIEERNET RaPRIEENRE 10 €T
SRS

» B—FHH, ShrlFRARERE— SR/ EAARIRFE RATREN, X
B E—ITHRERT 10 NFSEEERSNFS, BELE 0.

R, B 0o IVNI—ANTIERRBFME AL FREENEPZ . E3FE
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7 BNETAEE T

THEGE, BRI 25, 205 #1250 X5 FF K. 0 hiEik T 546 BT R —
Lok E S REHE, RHERREMKRE,
PR ARE OB S5 FT DALABRA TS 75 ORI LA 4825 945, Fedl TSt “Pud

FNAZTH”, SERE:

RS

AN=)

—+

k2l
B, FAMLATLRERUIN T EESEH.

4825 = 4000 + 800 +20 + 5

&, XNH#F LR, FIUBERTESH:

4825 =4 x 1000 +
8§x 100+
2x10+
5x1

&, D10 BRI ENE R
4825=4x10° +
8 x 10> +

2x 10"+
5x 10°

AR 0 REHET 1.

—AZaRPHE - NBRESERENEX, TEFR. X 7 MHREERE O~
9,999,999 T — M,

BMIERE 10 -PEEKF. RIAFE-ALIINFSRESEFE “107,
BONEATTLLR | BFEARIRAIE, FFH 0 fEh 5 fufF,
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wwwwww AR B B R ES

L1, L]

>

B—Arabwie, AN RBBZE T/ B AEB T UERS B, ¥F
42.705.684 FLE:

4 x 10, 000 +
2 x 1000 +
7 %100+
0x10+
Sx1+
610+
8+100 +
4+ 1000

MR ATAS A EBREER, T

4 % 10, 000 +
2 x 1000 +
7 x 100 +
0x10+
S5x1+
6x0.1+

8 x0.01+

4 % 0.001

B 10 RE R R EL R,

4x10% +
2x10° +
7% 10* +
0x10"+
5x10°+
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7 BETTET T

6x10" +
8 x 1072+
4x10°

R, 10 KRB AR/ NE 0 B 8.

FAVERE, 3MA%T 7, 25008, 30 hn40 2T 70, 300 A1 400 FT- 700, 3000 fi
4000 ZT 7000, XFEEEFHRIARER “NE” 24 A KERHHIEEme, E
WRE—M RS B LB EIR], 8NP RRLZ SRR —EFERNRE . X
B 2 AT A2 3a fric s R IR,

+ 0 1 2 3 4 5 6 7 8

0 0 1 2 3 4 5 6 7 8

1 1 2 3 4 5 6 7 8 10
2 2 3 4 5 6 7 8 9 10 | 11
3 3 4 5 6 7 8 9 10 | 11 12
4 4 5 6 7 8 9 10 | 11 12 | 13
5 5 6 7 8 9 10 | 11 12 1 13 | 14
6 6 7 8 9 10 [ 11 12 | 13 14 | 15
7 7 8 9 10 | 1 12 1 13 | 14 | 15 | 16
8 8 9 10 | 12113 |14 ] 15 16 | 17
9 9 10 | 11 12 (13 ] 14 | 15 ) 16 | 17 | 18

M P — 4T R A D K —5 4 B BN AN EE, X —IT5X—FI%
N AR ESRNF, Fa, 406 %T 10,

FIRE, SRR AR R BARSRAORT R, s rTRE AR A, (BRIRIDARIATE
RS RBI LY, BONER— A BRI AT, FEARI/NER AR — E B R
FuclE T HRRIER,

X 0 1 2 3 4 8

0 0 0 0 0 0 0 0 0
1 0 1 2 3 4 6 8 9
2 0 2 4 6 8 10 12 14 16 18
3 0 3 6 9 12 15 18 | 21 24 | 27
4 0 4 8 12 16 | 20 | 24 | 28 | 32 | 36
5 0 5
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“mrﬁﬂ——ﬁgﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁf

=
a3

Hx
6 0 6 12 18 [ 24 [ 30 | 36 | 42 | 48 | 54
7 0 7 14 | 21 28 [ 35 | 42 | 49 | 56 | 63
8 0 8 16 | 24 | 32 [ 40 | 48 | 56 | 64 | 72
9 0 9 18 | 27 | 36 | 45 | 54 ) 63 | 72 | 81

U E ARG AHAETERLS A0, METNIFARINAZTS,
RESTIFAEN . BABAENHEAGHNERTEMER. 10 hERNEF AR
FRANEREN T FEAMRBEMEN. REHFBAWEBRT (BF) A4
WFHE, FRENFE—TU 8 BEMTH RS, TARENE, FERITME+HH

BohFr T RBIRANR RS S B A N T I/ TR G

a 54




———
e

MNFEAINELME, 10 B—MFFEZRNEF. 10 ERITASBAMANF R
HERORE, SARBNTEFERE AN TIEREALERR 10 0. FAFHRIERETHE, T
ABEMALKELEN TIXMA 10 ARBOBFE RS

SEANETE AR, AT ANEFERGRET 10 WBF RSN, JHR
Ati#d. BMEEFEFSIMXIMFRALT, Hit&WBREFREEMNEE R
Gio BB, HFAVEREF 10 PEHR, BB RSB AMEFRERT THIX 24
2T

10=



""""""" T AR RETHTRNSEARENES

B, 87 10 ZArbAERRX 2.2 08, HME—PRpgire TixX 21 HO4 A 53K
TIOTFHE AR RARNTFREAZ 1048, BB TG AR, 324 10
MR RI—DEN FRE, BT 10 TUREX 2.5 381

10= ¢ |

A RX 2.2 RIS

HEAPRX 45 RS 1

10 = *g ¥ ew
LMEATARE], 10 FTULERFIRE, RO EBR S, B2, [Tgkdzs
(F—BHET ELHENL) BAFRTREFERNT .

WMRAKG FEAMIFEERTA 4 WTHESERR? BATRMASEE Y —
LA 10 NEBEOHTF R R BRTAR., AR RR Ty — L 8 hE
BB F AR BATRASKINRE N BB T RS, MR/ ST R,

WRBEANEF RGRVA 8 WEMTEH, BAVEATEN FIXAFS
9

BT SR REAWENE, REBFRXFNIRN: X224 BREMAAT 7 R
BEATFEER— T, R EARNEIFN I SEALTFE:

8

e, 10 RARENAS, B/ A, FERRAERT 8 RERS,

B EIRFI IR 0. 1. 2, 3. 4. 5, 6. 7. 8.9, RERL 10, £\
S F RGBT RE: 0. 1. 2. 3. 4. 5. 6. 7, MERH2E? EBICOLSEBF
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8 HEEfE T

SHFET . X EHE—AEXHAA 10, TIfEX BRIEMAERIEREUE 100 78/ tHlF,
7 2R EER 10, B 107 HEERRH AR ARTFHRREE. 1/\dHHp,
“10" RENER FEAYTHENEE

WRARSE FHBIRE R TR0, RURXEE:

2 1_‘\ 14
i1 ‘,‘\L’S L,./’\

< Y

FERAEH IR E R GR, RATLUE “10” iE “—F", XFEaT DL LR E,
KoM, “13” $EfE “—=", “20” iEfF %7, EEEERBOERE, T 207 3%
£ “BTF s =% 5 SR TF",

RECEM T FIaMBEEL, BR01058E% R/ g s F £, x5+t
FIRAARR, (ERFABE 7 8F 8 M9, MK, HRBFIRENERRAHEN:

0,1,2,3,4,5,6, 7,10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22, 23, 24,
25, 26, 27, 30, 31, 32, 33, 34, 35, 36, 37, 40, 41, 42, 43, 44, 45, 46, 47,
50, 51, 52, 53, 54, 55, 56, 57, 60, 61, 62, 63, 64, 65, 66, 67, 70, 71, 72,
73, 74, 75, 76, 77, 100------

XEEE-NEERME “—FF", KR FTEAYMTHROEER F SRRTENE R,
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T AR REEHRIKRHTEOES

YBE-grHIR0 SEHIe, BT AR A TR kX BIAR R £ %, #RE
o Thr TEN FR+3EH, EIGHT Fork/\34,

X, ASAEBER/NEABERRE Ten K Teons
REAHTHEEOE 81en K 10gi0urs

D2 SRS 2 E & 9ren B ecnrs
AZKTFHEEETE 10men 5 125605

— A ABEUE 12mev Bk 14ei6us

P B REUR 14168 5K 1651005

A7 R KPS 1618 3R 20p0nTs

— KA/ NN EUZ 2410 5K 30gi6uT3

LT FEER AP FBHE0R 26168 B 3250013

— SR AAAR Y T IO FIEOE 3218 2K 405i6ur;
—RIAREAISKEUR: 521en B 64ui0nrs

BRI EUE 641en B 100giGHT;

H RO bR AR 77men B 15gi6urs
SR EHAE R 1005y 3 144p61m;

1 P ST BRI THIRDZE A LR 1281w BX 200¢16m75
AT RV EBUE 256ren T 400 iguro

FEE, E IR0/ R B T LA 352 nice round number ), 20 100 gigir «
200 gigur £ 400 ggiro ARIERILE, 70 HiEIT, HBEEGET RIBERALTAIZTNE. &
LRAMNTR T3 HIEAFRIZ 100y, T 1007y 715 107an TEVA 10000 78/ \FEHIET,
FERAMNFREE 100 gour. 1M1 100 pigrr 7R 10gi6ar FELA 10 g (B 8 ran FVA 8 1pn» I
64 1en )o
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8 THERE T

PRATRER STE BB, BT EEY 100 gigirr 200 grgerr FH 400 gigrr 7E-HEEERH143 B4 64 16
128 pn Fl1 256 1en AHSE, BT8R 2 MEBHRFE. XRIEFAENM. B2, 400 gour
FT 4 piour FELA 10 gonr FLA 10 giopr, MIXBEATAMNBEL 2 WEHRRE. Ef7210%
BRRRL 2 MBEHR L RIKRZ 2 (BHRR,

TREN T 28 2 B HRRE T R MR/ R R R,

2HBHRE +i# &l I\t
2° 1 1
2! 2 2
22 4 4
2* 8 10
2* 16 20
2° 32 40
2% 64 100
2 128 200
28 256 400
2° 512 1000
20 1024 2000
2! 2048 4000
212 4096 10000

A BRI A, +3EBILAONOEE R T REX G — B AR BY

HEEH L, S AR RE S RHRBF RGITRAT 24 e IR EHT L
fE—8ER. i, /\#EHEFREMITRRNER ZETIRL 8 HERKER

2R,
i IE 1T
2 T - |

64198
5120578
109659 X
327680375

X, —AN\GHEHIE 3725 pigrr AT DA R0 T

3725 gigur =3000 gigur +700 gigur 120 pigut +5 BigHT
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T KE—REATTENREHTRNES
R

FIREE AT A S BE TRANEIRIER, T EGZH A HEHI 8 B ERES H—MER:

3725 EIGHT=3 xS]zTEN+
7 % 64 1gn+
2x 8Nt

5x1
FH/ P AR 8 BB, KIVERAT:

3725 gigur = 3 x 1000 gigyr +
7 % 100 gigur +
2 x 10 ggur +

5x1
A —HR R
3725 gour = 3 x 82+
7 x 8+
2 x 8+
5x8°
MR TSEBOTEHE R, 2155 2005 rpno XRUZ R/ \FEHFIBEEAL IR0 A 7.
FATAT D BT - R s e B0, 6/ R Bk TNk iEeE ., R
RRZ, FINTERRAARRIRS &N TRESIEER . N2/ \ S0 m
?ii%o

+ 0 1 2 3 4 5

0 0 1 2 3 4 5

1 1 2 3 4 5 6 7 10
2 2 3 4 5 6 7 10 11
3 3 4 5 6 7 10 11 12
4 4 5 6 7 10 11 12 13
5 5 6 7 10 11 12 13 14
6 6 7 10 11 12 13 14 15
7 7 10 11 12 13 14 15 16
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8 THERSTT

i
H

B4, 5 eur +7 piour =14 mouro AT AT LUE BT AN B A1/ \ B B IR 5+t AR
75 BAE
135
+ 643
1000

YHEhRBEMNRAN—FIFFEE, Sm3ET 10, &880, #4621; 103 M4%ET 10,
g5 0, #4671 1001 006 %TF 10,

ERE, 7/, 2 DL 2 554K 4. (B2 3 kLA 3 HIAFT 9, A2 %/ DIE?
FEIXE, 3 LA 3 45 RE 11 ponr, HE 9 ITREREERS . T/ \HHZRERISR
o

2 3 5 6

0 0 0 0

2 3 4 5 6 7
4 6 10 12 14 16
6 11 14 17 22 25

10 14 20 24 30 34
12 17 24 31 36 43
14 22 30 36 44 52
16 25 34 43 52 61

Qlalwnalw|n]|—=|o]| -

NalmA|lWIN|=IO]| X
oclo|lo|o|lo|lo|e|o|e®

TEXH, 4% 6 %:.F 30 gigurs 1M 30 gigar 3 24 e FHAY, WELES TR 4% 6 M,

JNEHBTRAS THESRERG M, BRARN. BRURIEH#H—PKE,
BRELHNFEBAMTET —ERFRE, BULERINMESNT—E&8 5 RIMRT RAE,
SR ERAMRAR AT, EEECIHINARESEE . EHATRIMBT 2520 4
RHEXRIIU3EE (quaternary ) FFE R %
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T AR REETRAREATEGRES

Ei&%u%&?%\?ﬁ%f%ﬁﬁﬁﬁm: 0’ 11 2; 31 10, lly 127 13’ 20’ 21’ 22’ 23’
30, 31, 32, 33, 100, 101, 102, 103, 110, %%,

XERATEAENHEE RS HE, FoR T RFEA RN - N EE
TR, il T EFATAT LA Ut i — A R A0 BR 4 RSN ECRAER R o

i Q— 1™ 8
AT

166578
[21: 0§
2568978
10248913

PuFEEIE 31232 FLAS M TR

31232k0ur = 3 % 2567pN +
1 x 64y +
2% 16N +
3 x4yt

2x1

EMT

312320ur =3 % 10000 gour +
1 x 1000 pour +
2 x 100 gour +
3 x 10pour +

2x1
[EREAT DUS A -

31232r0ur =3 X 4% +
1 x4°+
2x 45+
Ix4'+
2x4°
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8 +HBRE T

WRATHEBAE A B RER, BV EI 31232 rour FMT 878 1en0

WAE, BAVEM— BRI R R —Bk. aRBEATZEK, BZBIVHRA
BRI XA BT RGN 2 MEBOEFRE, R HH SEREEAINFER
ARNMIF T, XN BN 0 AN 1,

0 A 1 BIAEEAREN B2 T, MR TEFEL S — PAEEIREA T
PEER THHBEmANIRRR T ARk, i, TEBRER A HEREER
WEHIBIT

2R, ET#E, 1 T A EFER 100 XibAE, BhHARA 285 T
R RAR S, SRDNOET R, B-NBEEUE 100 TEH R Gt
£ GAE

o, 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 1101, 1110,
1111, 10000, 10001------

XEHEEERAFRA, EIPr B AR AN, “HRERKEEK
RIS E AT R

AN EER L ren 3R Lrwos

T8I 5 1B NEUE 2 ren 3K 101wos

— KR NRREAIEL TN 3 1w B 1 1wos
IETTTERDNEGZE: 4 1en 5K 100 1wo;

A~ RFHFHEEOR 5o 101 twos

%EB’]H@%[% 6 1en Eill 110 1wos
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AR SRR

— AR ECE 7 ren K 11 1wos
JNEZRFHEEMIABUR 8ren 5 1000 1wo05

WRARPTE (BEEEER) FEEE 9y 1001 rwos

AR ER M SR 107505 1010 1woo

AN EA R, BT E 2 MEBCRR R

i % 18575
20873
L

SN TN
1669784
32098

Hit, L1 TR iaE 42 0 F TR EAE 2 WEHKRE. i
RS T T EIEeH 0 MG

PUT R 2 &R BEERY BER, e DU &N,

2HBRRT | TUERIE | A\SERIE | miERIE TR
2° 1 1 1 1
2! 2 2 2 10
2 4 4 10 100
23 8 10 20 1000
2* 16 20 100 10000
2° 32 40 200 100000
26 64 100 1000 1000000
27 128 200 2000 10000000
28 256 400 10000 100000000
2° 512 1000 20000 1000000000
2'° 1024 2000 100000 10000000000
2! 2048 4000 200000 100000000000
2" 4096 10000 1000000 1000000000000

BEl A" s#t$% 101101011010, ER[LASH:



8 + B']§ ’r’c,ﬁ’q T

1011010110101wo=1 % 2048 1p\ +
0% 1024 gy +
1 X 5120+
1 %256 gy +
0x 128 gy +
1 x 64yt
0x32mn+
1% 16y +
1 > 8rgy +
0x4qpyt+
1 X2+

A T DA R s fi s R

1011010110101y =1 x 2" +
0x2'"%+
1x2°+
1x28+
0x2"+
1x2%+
0x2°+
1x 2%+
1x2°+
0x2°+
1x2'+

0x2°

SRR B AR DL T EIBROE A N, 2758 2048 + 512+ 256 + 64 + 16 + 8 + 2, HI
2,906 rgxo

Jo ¥ R, SAEERME T SISO IR, ARTTAES B R B X 1
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””” T AR REENANEEHERNER

BEASOR BT -

DDDDDDDD

x128 x64 x32 xl6 x§ x4 X2
L1+ E]E][]+E}E]{]+E}EZ]

XM DU — N R KB 8 T HIE, BREREEY K. EMHH
BEARORHE, ¥ 8 (A HGIEBEND LE—TRR R, 80— & 8 MRz
B, RERERENBTE T 8 NMMETH, BREX 8 METHINEAEIMSRE

KR5S, THBESFIHBIAE 2 5 %1% 10010110 AHFR+2HHIE
[ ] 10RO E

x128 x64 x32 xl16 x8 x4 X2 x1

[+ [o]+ [o]+ [se]+ [o]+ [s]+[2]+ [o]=[ls0 ]
SRR A SIRORI A LB T o R — MBS 0~ 255 S
F R O RO B

oooodn

00o0oooon

XN SR LR ERERBIG S, R —E S gt T ErE ok R AE.
BB HRBCONTRET 255V BNE] L E— TR mIE T, B ERE(128)
ZERXAM L FISMIRSONIE P AR (A MR, REBIENGUES (L
~ATABEB AT o MEBE—DRBHEBRLL T —NEREL 64, KIBAR NG FIFRERD TS
TEHREHT R

FOOME, BUORBIIFARER 0 54 1 WRBIREUVNTEREL, Bih 0, RBEEEH
BRE RBIRBOR TS TRE, B2rih 1, REERGEEERSAEE. F
VA 150 Bt TR

[ 2 R B[] [ IIII

<128 b4 =32 +i6 =8

slojuininlnioln

WMRFEN N B T INiE SR, HREaH T RE S Ll -t B 1T
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8 tasha

BEHEMBL, XELREESRK _HRBS. BR—T, MRRKCE 70 F&RE,

LR INER R — 42 2R E R,

0 1
0 0 1
1 110

WFA TR A FARKAT T B

1100101
+ 0110110
10011011

MBEE—FFG: 1MoET 1. FAETH: 01 HFT 1, E=3: 1 inm1%7T o,
1, BUNEH. 1 GEAZ) oMo+ 1, FBHA: o1 ET 1, N5 11 %+

0, ¥ 1, FBEH. 1 GHY) 10T 10,

Pk RE B INERLZE R A, NIZE LB ARSI %

FTHERLL 0 455R4E 0, {EFTHERIA 1, ERIBEX AL

0|1
0|0(O
1 {0

PAT R 131en 5 W ey B T HITREE ISR

1101
» 1011
1101
1101
Q000
1101
10001111

Z5R09 143 1eno

MHESE N AR BRRHREF S NS G S A (BB 1 KA
A% ). Blan 0011, TIAREM 1. IHEEARASHMERTHIRN, UEI T W B,

LA 2R 16 4> Za 8 5 e 500 13
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T AR REETNNSRAREGRS

i

i it
0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

WEATEE — T X2 " FRERX 4N EESIHE SN 10, ZEE
THE—3I B _Eifn P RUUBHRIREA .

* OAK—F—EAE 0 M1 2[R,

« HREE _HRATEHA 0 BN 1 ZEHEERE,
» N —FIRAFIA o G 1 Z AHE R,

o BTN —FRERE/\A1 o g/ \ 1 1 Z B,

XERAFER, BEAZLA? B, REHEEX 16 MEIFHAERMTH
BTEAI—A 1 SR ARE SIS HE TR 16 M.

i TitHIE
10000 16
10001 17
10010 18
10011 19
10100 20
10101 21

b 68



8 HHBRR T

,,,,,,,,,,,, - ;

EEE
10110 22
10111 23
11000 24
11001 25
11010 26
11011 27
11100 28
11101 29
11110 30
11111 31

MBS BEERE . YU TSN R, BaAam—i (SR62) LL o M1
. BYUZH 10, NABNBIE A (KAL) B2 E—ARH 0 £F
1, gt 1 TF 0, Hith, BRAEFS - HHESBMOER 1 T8 0, BiRENSA
Brtha 4T, fHETMARM 0 2 1 5tRH 1 2] 0,

ARE NIRRT #FRBR R, BEES=fHFRH—-MESET, X
FESUE AR B EF RN B, HIREBIETE 12000000 B, FRATEEAEFAZL
H—FHA 0 WM MBI R Z D, HE, WREF 512,000,000, {7—REe
FEER T _EH

TR EIB A KR INGEBIR . B, —F S ALE #HEIBNERRY:
101101110001101100000000, 3 T ik —HFHIECGE 518, BHEARNUNMF Z A MET
FEFRSYFF, B4R, 1011-0111-0001-1011-0000-0000, =KEFPUL7Z H—2SH: 1011 0111
0001 1011 0000 0000, ABRIEIHE, FAHHE B HiE B —HERNLRTTE.

W FERARDERF 0 M 1 WAMEERNZ#HEIET /%, HNEEie/7E
BIRN . SRR B —HE ST RAE AR TRAT . A, ZHHBFE A%
RHEHERGHABRZ AR 7 —EFR, EZaimEhh, JOPrESINIX. mk,
T, EALkHAEER, ABrTLUARF R S 0 F 1,

HLER T AR AT o QSR A BRI e X AR L ZR AR T IR 1, AT,
WA —HEIRF 0.
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TR A SR I E . RO (ke ) MRE TS 1, Rk
KM (EMTT ), MARER ZHHIET 0.

AT AR R —HRIET . TR, SRR T #HEEE 1, mRESR, WK
xR 0,

HLARGR LAY FT AR R RIS o RIS I &, AURGR T M8 1, WURETT,
WA "I 0,

THFR S HEY AR RENEK AR

KATE 1948 17, EEBFKLE - BURTE - %552 (John Wilder Turkey, 47T 1915
) ERBIEE RN S &, “HABMR eI RS R IFEEENEN. thitE
Bl —AHH . EERRNE SRR IR SR ARA 5 (A0 %15 ii—binary digit, fb¥f%&
% e bigit A binit, {(ER&EZMEREM T XM/, B8R FIMHIEFTER
T—bit,
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72 —a Y »
]
% a

Fole - BEL e 1973 FRTSN—ERHXEERMBEOAN: “HEBHERA L
—EWHA . MIHEREAF TR E T LHE. AR BT
U7, AT M OHET. REXEREMREIE AR KA P A A R AR
BHBIAREREREN, EXNBARFEERZERME R 2" & A2

AN L RS irRER RN, RERMT RS, FFENR=E, EHEK
WRIRFTBOR AT DARRANF LR 4295 7 A B AR B AR AR EOR:  “REFTEX
A HIAR”

XRMAMRESU . HEHFFNESR. L8 - REZHEAB “WREEES—T,

1 #E/8 - B2%% (Tony Orlando) , EREIT, 1944 FHATHY, F—AMEMKLRE
RRIMIL, (BB FRE2LT ) RAMEmat, BRAD KR — MRk
RISCRAE B IR BT &7, PHROZAR & INBE L ARZM, SEERET, WRE
FEREMM, BEMHIRRRKNS R, R ORESR LR E—4mady; WRMR
HERELTINE, M PARMERBREIT . 45 RX A SRR KA, RITOREBA
ST BUAR ML ER TR, ST . JER, SR Ol kMM
TR, TP ADIRIRARR . —FHE



AR R SRR

SEARNL LR B “WRIRAEER, AERIMKAREAA, SER Lilkefie,”
FAB, AR AR AR AR R A

EA TR R w2 R RFEECR G (EATRECE T B ): 6B —FhaR@br
SRAERETOME, K& it B BB AE .

A T FESE X)) 5 B
BREMETERN-RITNRKEROR: K" & T

AR XRLRRRGR, RATASRERL TSR ‘R 8& A", RAFER
—AJiE . —ANRIRHE - AFERREL, FEENRE- M, BEREE 40
= 1 BT,

BLAETH R NAR AR, TR SHABF REMLIFRA T AR, RRRAE
HERAERTE. RUE, RIMERTHERNRFRERRABITE -AFHE GUREA)
KT RGN \#ERT AL (DRENRFEAY) SU#HHKT RS (IRED
RHF), BETHFNF RS (WRENVEEK), B FIEERN,

ER THFENT RAFAE— AR . X MIRIERAET R AN TR AR R S
BRBF RS, HRAEFERGET AN EE—O0 #1 1. s S BT
A%, AT | K, SREMBRTRAE I F 0 7o BIUT—A 0 Zh
TR,

B “bit (HodE )" BALSHRARETE L “binary digit”, THIFEFITEYE L3R
BHERIER A MR, XAMANE T BHEX: “—/NES, BRI RRRD,
BB, B 1 e —— A I o —— s R — N R N R

W L — P HHIEHIER R, BEASAT AR X MAtEX R
1 FURF B AU B T B0 s SIS T B B ME X /BTN,
R B MU R B AR B AT,

RKR—TREMFH S8, THBIBARGEREERME—TTE, TR, B, &
RIS . A E ORISR BER AT LR RE . XBAET, HRAresdmiE B ER
Do VAR FTREF AR B/ NI B Ef/NT | RN ESRAR A LR, |




o Tims

F 1R R AT ME B, IR R — (s Bl AT LAUH 2 A — BRI
Kk (BRATHILEHESNERR /N, HARREHERNEBEAET, FL i
N TS e AR ZE— M EEREENEER ).

“WT, FOET, RIHRIRKEETTRIR S - HEUR (Paul Revere ) F-RAISHIF " 2
F) - KK - 882 (Henry Wadsworth Longfellow ) 55|, REMARAREY - BEUR
AETBEAEEARFEHR EANRRHEEN A —ESREEE—8, RitbsmIdedt 1
— AN AT RRIM ] A f A B RS BRI

st ity AL : “S B RAME A6 R E FE L AR K BB, 1k

ALK EZHRABITAZZHHRRITEARRE T ——ZRITAFTAEE

MEBHE, HEUNRTEEANEEANZ -7

BESERFER, R - BECRIAAAMNZIRIT . REEZEAMBERRAIL, e
TERA PR RN SRS IR, KPR T A E B I AR,

BRI, BEARD HSA R BIRTARORT AR . BT T =Rl AR SLA I,
AR EFEARARAN . PR OEER, MRRXFERIEE Al il AR ek b
BRI R,

BRI FARAT S5Pr B RKABIEERE L LY. BEEIA28 AR,

ERREEERANR . R R :
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T AR R E AR HEEE

!

FRFEENFER N . WRPRITHR AR

TR ERA L

BRI BARR—A LR AURRIRITRORIHEDN 1 RARRIRAT FORILEHE
70, B - RESZUAMEANER TEX VAWM REMRE BERFE LS. R
RT - BRURAFEREMBEREAR (AR TLEANR), —SRITHES
T XHERTREXRTNE, FPRURRSEIE.

FERAOASHATRMEREE, WEFERM SR, MRH I B RN, X
PSR HRAT 7 — T LA I R AT RERO S B -

00 = RESHAZNER
01 = EEIFHPFEEANER
10 = HEIEHBEHRANE
11 = JEIF RN

GRZ - BE/RE =T et IR SR KA R IOME S 2 RS EZER . FEE
HISHIARIERG, AT “7U4" (redundancy ) KIRHMEFT MM, BEFCH, B
i (noise ) EIREMBRBICRMNEEY, LIEL FFHRELE— 20 i 1hl 5 Hst
HEIF. Rifn, HRIEBEETEERD, BAMERERS, EFRIFERRNIUR,
BATEERN TR R, HAFENEN RS MENEN ST,

1 EARFI T, A RIBRE DB RIINERAKRRS - EBUREEHRMNES, XMW
ANEEZHEEL S PAH RO RWRIET . UTHRPES HhEXEEN—K:
k! RSSESARTFHOEINER,
—SESHME, BTk, A—RITET!
Mgk b L%, ALk,
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5 T

i

Heam . BAL, AR AFFANIT,
Gk A = T RSN E

ALRARURS - B EURIETE D PR RS T Se R IR

XERAFIIEHE, FERELNRERN—M. flln, HJ|IS5—DPAR
W, TAPTRRESNFEEN FHP AT — . WRBENEA T
R 1 B 351482 4e's, B TR DARIE A HERRMI LI TR S, TR E. (4R,
RRITTWEEE A7, FRIEGEESEMFHAROEN 257, HAMRILER
BH RSBmO )

BOE, A T DL s P B S T AE MO RO 15 B, A ATLLRIELHR
FoRe A, AFEARESEARZFZ AR IR BN AT sE M e Rk 2R,
HXBZRERANBENALNEFXREXREEN, XREALIM2EEESHEIZ
MIESRRBRXARREE (TR, TIEHBIMERASLLE ). MRIRIIER
EE . EESREEREEEMEDORER, RRhtERXME R E R RS,
YR, A SBEX 2.

B EREA SRR M E B AN ART BB —RE A
FA - SBRARI A ARISTE - ORI TR A48 tH A RO I B ——f% k. T
AHEHFRIE B (AR A I AT T+ 20847 B TFCLR AR A R s ).
XEAVURATREYE, ATUARRAN AR RS -

00 = MATERAERX AR

01 = FEAHRE, XAKERE
10= PR ERE, XA TRE
11 = iEFERX AR

BB ETRAERRNOER, A 0 TR RIXINMRBRE, N1 RRER, [
B, S RAEBNER.

i, RREHEENR: “XT8BE Impolite Encounter, FTEFI ARSI
7 " FRORGEE “PEITREER T A8, UASARE” 3 TR ERax sy,
TSRS AER,” R AR RRE . “—F.” RERNHEIES— R~ iR
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T AR RETITRNRSEERGSES

FW, Bz 2R3, IF BRIE | For e, 0 2Rk, RNnERS
AR BRE, BIERVRAMIRIHAZRAE S5 5 o

FAML AL TGRS BIE S | IGECAH R R BRE, 5 0 bk sRoR
BT, XTREAAEREMN. BEBNSNNES | RS, TER 0 MLk
R RROS, HR SRR LR Al DMER AR NEENMEMREM ARG 0 F1 1 &
RAERRT L8 B,

H— s — R A A FoR O EUSGEE A BT XA K0 RIE— G FihiE e
RN T E RAEEM AN FEREER EMALBE X . BEL T
@, REFHIMRE ZLWRN, ERtrResCh —PREEM B, MR, AN
PRRRFSU R T H PRI NG R, BNEDFEMEMI IR ZEHETRE.

WRGRRE T — 3 P RASCAARRR T r P RO AR IR, RBRTT DASE RO kfth
TR WAL RHE B HAII— N, RERIRBCNE R BINEEA AR
BHARKRNE BTy R E] 8 i

000 = pairRltiRE, AR ERE, FiTR
001 = PHRIIRE, R HIRE, EER
010 = PEIRItIRE, XEFERE, TR
011 = PR RE, XAREERE, K=K
100 = PEIRIERE, ARFHIRE,
101 = PURRERE, ARIRE, HER
110 = FEiifRlEke, HrERe, KK
11 = R ERE, ERERE, RERE
M R (S B — DN EIMO G AR 2 A TR A B AE 12 5 2 2488
rETAR A Ret, HATRNEAXMER TEOME 8 Arrlaet:, ABHAD. WRA 3
AR, HREM 0 8B 7, FHASHAEMHN =M B SIEGTET .

5
hai
3

RIS S bR Az b, ARPTRE— B RN ER EE R B4 A
AL, XA TIERUE : T2 - ST "R RAER" FATZE2E?
YRR aNE - BT ANFERILE, MARE -FEEENER RGN,



9 THmm T

BRMEFEL DD TR, BALH M BX RGN L. 5 TAERMT
e 1~4 BE, HOhAaIE¥EE, hTH, T AR Er—HE,
M2 “BOMB (43 )" Rk, XPEMA 7 Aalaett, WARERITIAR=Att
R RFRIE NN FR T

000 =BOMB
001 = %172

010= % %
011= % %1/2
100= % % %
101 = H 4 %1/2
110= % d k&

YRATRESR IR “111 WE? 7 FEXH, XAMREAREREMESN, BRAEN WR i)
RS 11 BRSPS, AR 0ReRnE —E R T CGHEYA TR X
R, PN ALSBREFRITS )

Z%%ﬂﬁ,%ﬁﬁﬁﬁ4%%&%%iﬁ%ﬂmim%mﬁﬁw EN—hrEoR
MRPHRER, G RN RARERL. £ RS TS A%h, &
A BRI EC R LA BRE RO R, YA WS LR ERE N 2, HERLA 2,
BAVREE 7 ST P ot N 2 23R HXUGR fTBA A —FE F A2
T SAEITT FEST Gk B NFRE AT DR Sl an & 2 3

000= % %
001= *1/2
010= % *1/2
011 = * % k%

101 = % 4 %1/2
110= % %

111 = BOMB
VEBAABHAENEN, X 4RSS RB R

MRS TEE T T EEE -BESNMESWEE, hLRNFFE. MR
A RBRERF L E AT N, RESE FEXEES
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T S REC NSRS

000 = MAJOR BOMB

001 = BOMB
010= %172
011 = % *
100= %% 1/2
101 = %% %
110= % % % 1/2
111 = % %%k %

HiZ, ARMEE T —MEXFELAMEBLNAE, WMRELCRAENRI
(ATOMIC BOMB? ), XEMUBIEEEHIMN— MR T BAESERE =R R
BT .

CRERT) REFFEET R RED), WRRONERR T iE IMEARITE .,
CD. $5%&. CD-ROM. M35EHAM—EIRP, FROTEERM A+~F (REUFRBHE
A - SRR BERIEERSR ). tHHE—T, —3A 13 NS R. BRITFEM 4 4
EERH R R IX B R

0000=F
0001 = D-
0010=D
0011 =D+
0100=C-
0101 =C
0110=C+
0111 =B-
1000=B
1001 =B+
1010 = A-
1011 =A
1100 = A+

XEEATE 3 ANMEEEERD], Bl 1101, 1110 11111, hibiX 3 ANEIEE 16 AN,
TR B A ik Bl dE, BEEFrENSE— RNt BRITHEHELEA R
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%, FTRERonRIAF AT REMRIHZ

WK, 7Tt A R FAERIEEE, i, RIESHNXSEE R XE5HE 3
PR, RFTERX SEME AR E (ISP ERAPREAEHER, HXBEAEEX
AN ), —HBEA 10°, B 1000 NS, B 000~999, XS5 R 212 1) 7 i HIESE
HL/ORETEEIE? 107, I 10,000,000 A, XE8 212, FALL 260 FkiHIESEH
£Z/bAE? 10%, BP 10,000 4~

FAH, BN, FTREARNSEEET 2 WERKE, HREEIRIR A
ﬁzﬁo

EE4FIEL WIDME
1 2'=2
22=4
2’=38
2*=16
2°=32
2%=64
27=128
28=256
2°=512
2'%=1024

O ||| R[N ]|W[N

—_
<

I IN— MR AR SR SR S B I — 5.

WMRENFTRAEIGENEE, At RFERL ORI RaiEk, £k,
AT A HE P A JUSHE b e f 2R 7

FrE BT 2 AR E0EE, NaERERaENYEE. T
2 07 REST 128, BP20L 2 AR 128 O ERE 7. FECERF SR ER:
2'=128
HMT
log,128 =7

B, GnRVA 2 9 128 FIXTECR 7, DA 2 W) 256 I BULE 8, ARZ, A2 A
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TR BT RSB

JiE 200 FINER L/ DIE? KREZ 7.64, (BSEFR IFATEAEERANE. RBEATEN
Rk AR 200 FANRREY), KT 8 ML,

R HCTE M H S PR, BT iR R A TE AR R4 RA (CD ),
e FRET RS RIEL Ry, EARN LR 2/EW M 2 AT AT TR AT

THBR M. AREA - GHPUREE] 35 2RI, WEE— T ErEim,
LR

TRAT LA SR EIPR S AL A A B RS T4, XS A AR B S T 1~ 12
BEIT T AR XM DX 4818, 1X 12 M7 SERR 1R 12 MR, — MR ARRE
B 1 BOEeRy, —NBETIRAKREN 0 UELE. 58 1 A5t 7 2B an (R
&1

XL RRAT 2B EIE? IRATRES AL, 13Ukt AR A Y B Uit . 5x
RIS SR BUBAR IR MR A B . AT R AR SRS “REk”, FEEN
XM ORI AR R . BT IR Y EHUE 2 AR T2 ASA (American Standards
Association ) KFIEFHRN . &HANFELAE 100, 200 1400, ASA FEHAA+5HH
BFHIEENERAGIMIERIE & ., BRI R T T 405,

A AL 24 4 ASA %4, BI1E:

25 32 40
50 64 80
100 125 160
200 250 320
400 500 640

800 1000 1250

& 80



9 TatmIs -

1600 2000 2500
3200 4000 5000

S ASA HEHTREEEL D NEMTE? BE 54 R EE 2 2 16, th24 5
/Ne 20532, TN MBI TR EH,

SRR EER S RHE a0 T R R

B2 | K3 | HB4 | A5 | A6 | BRREE
0 0 0 1 0 25
0 0 0 0 1 32
0 0 0 1 1 40
1 0 0 1 0 50
1 0 0 0 1 64
1 0 0 1 1 80
0 1 0 1 0 100
0 1 0 0 1 125
0 1 0 1 1 160
1 1 0 1 0 200
1 1 0 0 1 250
1 1 0 1 1 320
0 0 1 1 0 400
0 0 1 0 1 500
0 0 1 1 1 640
1 0 1 1 0 800
1 0 1 0 1 1000
1 0 1 1 1 1250
0 1 1 1 0 1600
0 1 1 0 1 2000
0 1 1 1 1 2500
1 1 1 1 0 3200
1 1 1 0 1 4000
1 1 1 1 1 5000

REEER 35 ZXFARYUR A 20 X7 (B 1AM B F it TR eRIAHL
MEANERADEREFET SR ER RN ). JRIFUEE— T AN
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T B REEH ISR HRGES
|

BRI, e RIERASRNEA 6 MRS, MEERANERIE (1~
65 ). WMETEIFr LEREHETNERE, BRE; RAFRNECLTK, E8%K,

FEAEA U LB P A — A LIRS 1, FHR 1 IEE R AR AN, XX BLFA FTHER
2 (WATRERIE) TiH8 2~6 LR 5 Mibs, XBRT AR EARERRAEHI, X
BE, RTINS 4 IS S EASTUS] T i, TO7ERRS 2. 3 Fl 6 L HNRARIIE,
LI MB HIEERLE 400 ASA. XAF, FARYURUAT LA SRR ZE R A Ao CR TR 1

BB F R 50, 100, 200 5% 400 ASA, IR BEMBARYURE RSB # 2 F075
%3 R

LN A BRI 8 ~ 12, 5% 8. 9 #0110 AR X R HTHR
1, ¥ 11 MIJ5H% 12 $8HHBRETERE (exposure latitude ), iXEXHR TR @ F T2 A Mk
R, ERMEALIT.

iR E R BRI st 2 TR A ERIE 50 HFS (UPC, Universal
Product Code ), XN ZALEA 1 H EETWXHFIERRER L. UPCE
LRI ENZES AN A HERIREL —.

R UPC @B XA BEREE, BREHLRALEN. EHERERMNEN T E
REEVILEENFIERN AL, R EAEXTEINABRET, 4 UPC 5—4
RIEITNEKRRSEERAN, BELBESKERATINHRER, XARERN
Bl R BT CE MR

FHHRE, UPC thE T#HIRS, RMEFERREHAKE K UPC #SHEE UPC
FERREAIEN, SBAT.

TERERLPERA, UPC BH 30 £ AR BENEE BRI, BIIERS
B AR, £TERERE., #l, PAT R Campbell A a1HA 10 3/4 Za]HRERXE

HE%E LH UPC,
0 llll |.l 7
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9 T T—

BATERER RS E SR EAMES . ERRMEERIOHS, B,
RGBS MR, £ UPC T, BEXSHUMARNER, RRENEE
SRR RSO ERIME . =ERUfE, AR, RRIRNTEES B RE FREER
PfE. =fEspufs.

Bz, H—FfEk UPC MRS e TE S a . InEBANFERARTE
BAER BRI “BE)” M. ARCFTERINHARE ME—HE T, BRiXE
EREFZNYEFRE (OCR, Optical Character Recognition ) FiAR., HARI{UURBI#E &
MK —&ET, FIEBMBRARN IETERENREARRERIGTHE. Y
Fr&E BRIBR—~ UPC i v LA RoR

I NIN IN I HI M) NINEN INENEE I EE NI I NN
BRRSE/RITERE, FRG?

LU ENNARABPEINMEER, B2 AL BENE - TRE&NR—MEN 1
MILbEE, A5XMNEBEEBPNEARRSE - MEN 0 Btk FERRSCRIBREIE
—1THh— R, BARIECEFTRIRE | 62, 267, 3 f7sk 4 67, X MuEE
BT EEREROEE . AEIhBEBTEBEIRSE SE A > (B3 7T DA 3
HIFRA:

Il BIN IR] NI ]I BININ INEER I EEND 1 B

181¢ee1161011000168116€]100411013821101000110161010111601611801121101180188111081108]1101082100121

i, B4 UPC AN R— 95 A7 —shHlE. ARSI, X ELb R o] DA T 43 4.

B 3 LB AR 101, XHRRAUNPR, EHRETENIEMICEM. ML,
TSI ERR BN LSO EMRRNEER LD, TN, Frati LK UPC #i#
BRAEENRANT o

BRANNPRZIGR 6 ALUEHR , BHEH 7ML AhE—AFTURKT 0~
9 IGRES, BEESM— MR, BTRE A 5 LR NHRRPE, X2—AE
TR (FHRRE 01010), ER—NHEREEL. RGN A
BB, CRUTCERAE UPC B, X 4 R4 2 R IR TR A A A SLSCR AR EI I 8
H—MT o
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T AR REATANAERIERNER

]
101
00011017
0110001
0011001

5
0001101

0001101
0001101
01010
11100107
1100110
1101100

1001110 |

1100110

1000100 _J
1ot

-3
BEDOPE

Edul:to =2

FEBFR

aLHYT

.- Zap1li kg 3

PR ERETERE 6 Atbfith, BARSH 7 M. ERRAUITE,
RATARPEETE Ay 101, SRR ATLASEIL UPC RIRAR (it A B4

), X— B e AR

Hit, #A UPC X 12 MIF#HIT I 5. UPC MAAER 6 MEREF, 8
FEA TR RATLARI RN T RS SRR

ZE RS
0001101 =0 0110001 =5
0011001 =1 0101111 =6
0010011 =2 0111011 =7
0111101 =3 0110111 =8
0100011 =4 0001011=9

AR, ZHEEA 7 REBEEI 0 Ik, U1 SBREM, WREMOGER 7 — Mt 4sd
7 SRS, XANgRESRLA 1 TSI 0 S5, AR BERIALE HOIRA R UPC IERHIEE
ANRERZAEHENR T . ROMEABEE S B BHRSEIERHESDy 1 O, X
BB RSN CEXN REE UPC MR DN E B 540

trtb R, LRPEBARESEFTEAN 1. X2 R —MREHERM—-BHENT %,
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o SHum T

MRARHERS . SR — AR SEEEA 1, RO Egs; mRAHFETHEA 1,
ML eRaaRE . SHER, FrAXSmiama .

BERRAAI 6 H 7 (I RESEE T 3.
E=puliaE 1
1110010 =0 1001110=5
1100110 =1 1010000 = 6
1101100 =2 1000100 = 7
1000010 =3 1001000 = 8
1011100 = 4 1110100 =9

IXEARELERE 2 BT ARADROAMS: ZATHIIN O MMy, MAEBK T 1, R2ZIFR. XL
HOERIELA 1 9Pk, LA ORI, Britbzsh, SARMESHEED 1, BTERE.

AE, HAMEFTLARS: UPC T, AL EFANERRS, FATRTVARAE, Campbell 247
M 10 3/4 FAIRESH @B F 12 MFEN:

0 51000 01251 7

KEANKET . BAFETE IR, X5 UPC MEEIRI T e GRS RA R
S, R T RAR AR AU, WO BU PT AR s N X Lo 7,
BRI E RS IX R ). B WA LE [MRENNagE, fH, BIHbITEMN
RS EMERE B A2, 5T UPC N _LIFE WA 2 T, A 30 IR %
BETEWT 12 M

B-MFE (FEXBZE0) #ANERGRF. 0 EREXE—DHEHN UPC, 4R
UPC HELFEZL 0/ E AR F AR S |, IAn| . 755, XAMNREEEER 2, =
#J UPC BB — Ml 2 So

B RORI S MEFERRKIE RS, XMESL T, 51000 B2 Campbell 22 &4,
Frf Campbell AR ERT XN e, fFHEM S fIARED (01251 ) 22X A R R
FREOZRED, E XA RLE TS 10 3/4 BEIREREHT . R R R EIR R
HIRHRX MRS A B EX . A—TAANGHESA B4R, 01251 £ 7350

85 4



i

Bl AR — MR 2R RIR 5.
SRFBEWBIERR, UPC AEEMRIMESEE. MR EEFTLANR & R
S5EH#ARERTHREIHR R

BE— T (EBXER 7) BRI FR . XAFRATHRET RSN M s
¥o AT TRRERMA TR, EOEE 1 AT (XM 051000 01251) %
A=A FRRAE .

A BCDEF GHIIK

Rig, WHETRBME:
3Ix(A+C+E+G+I+K)+(B+D+F+H+J)

MEXMEBEH B A TR ETERN— 10 NBEHTEEE, HERRVEREFR
( modulo check character ), 7E Campbell B H-EHIFIF, H:

3IXO0+1+0+0+2+1)+(5+0+0+1+5)=3x4+11=23
B 23 AT EET 23 19 10 BEEGR 30, Hit:
30—23=7

XEUREIESMER EFFIA UPC FEAGBIBERE T, XR—MIURIER. wRA
BEGA PR S TR R SRAROERE R, B2 BYRELXA UPC .

WHEBRT, B3R5 0~9 N THERFRAFE 4 MURFABUES T . UPC HEANM
FRT 7 AMHEAL, XA, UPC BT 95 MU RF R 1 AER0Ht iz, s
frt, UPC HEAZAME (YT 9 otbss), BT A, HPLOFEN. XHE
RE, A UPC FTE 113 MRS 11 MHHHIE, XA 38T Bt
PR T 10 4!

MBEAFREENG, FESTIRN TARERIELER . XFERRE RS
ERER U, BLXM=RESHERREETMEN T,

UPC FTLAMBIANTTRIEE, X— AR E G ER. MR BRSNS — R
FERES (B 7 4B HEEA 1) 89, TEMaRAE, BIENGRZSR UPC B,
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o —HEm T
|

[GE ey Al s S T
G o A 0 AF 6
0100111 =0 0111001 =5
0110011 =1 0000101 =6
0011011 =2 0010001 =7
0100001 =3 0001001 =8
0011101 = 4 0010111 =9
LA BN ZE i B RO K
WA R & B F
1011000 =0 1000110 =5
1001100 =1 1111010=6
1100100 =2 1101110 =7
1011110=3 1110110=8
1100010 = 4 1101000 =9

FrA XL 7 (SR 5 ARG HiEN B2 UPC T2 AH, XEASHHEEM A
HIBLRAFLE

FEXABPENTEMNE RS IT HER MR, SRR R h A As, HR
I 2 TR e — B ROR TRI TR SR 43 1T o R BU/RITBYEER EXIFA B2 H 0 A 1 i, A
T EMIEE M,

BB — T BRI HRAIN . MNKESTARKEN=MA; B0 FEN, Akl
ZRUKES SMENSEESTT; BARNENFRZEAKEST USRS,
BB R K EETHENINZEI T,

BT S FEE—, BRI EERSAKERRE, TAREME. XHME
TRE AR MEN 1 BOERRR AL, —NIRBAMEDS 1| BB, SHENEER 0
LR

NS 2 ERRERTBNE AR,
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T SGE—REATENKEGEENES

A - i c———
I3 s K - T -
C - L comee & -
D —— L% - AY -
E . N - & -
F o 15) - e -
G —— P - Y ————
H Q J— z -
i . R [
VAT RFAC LRI A R
A lgllee ] |ieileiielieef S gieled
B liglereled K lleigries T ee
[ 1118119109 L leiigiaiqe 1§ 1grerioe
D ligreles M ligiiee v igrelelriee
E 198 N ileiee w ielipiiee
F lgrerieiae Q liglieiiee X ligigleliee
G 1i@llelas P lgrigiieles Y o Jiigigilellee
H 1@181e108 Q |ilelieisgiiee) Z rigligleies
i ileg R lgligiee

FRE, XERARGSIELL 1L, LR 0 SR, SRANHEA 0 RERANE
NFRZ RS, B2 RN ZSAR RN SN —3 00 B, 7E5/RITASH “hi there”
WHRXFRTH:

eeee oo EER eeee o omme O
B2, AR RAFRE IR, HERXE UPC {—MEIH.

AENEE B N EEER R AWmE DN
10161010610106001100101610610010016118100100600

FAHL A O R AT e B L R R A 588 . fser B30R 6 g,
HWE— A REREE 6 NAMARN, X mEn, WiTkERMEN, B
WRIZESE 3 SrhATRRIOEEE, X SRS RNT 1~6 55,

= 88



9 aHHIM T

1 O 0O 4
OO s
BOOQ'&
Bign, Hin “code” FifhHE X AILAXHFFT:
2® - 88 » -

L J ® - ®
e e e s

td

MR ANRFE 1, FHPAREK 0, WEMRCHEXH, BNMFSEHATUMN 6 N

FARF I I RBDR AR, B “code” HIRPUAMSEM FRIFF S Al LAR LS A -
100100 101610 100110 100010

XH, REAN—AINNRS N OME, RALH—NNERSH 6 KIAE.

AEABREMETALEES, WHIUERRXFE. B FE. &%, BEg, wi
PERmgmhs . BAEE. B4R, REFERNIAR, DOEZ ANEE. BE,
MARA R, AT AR REME BN REI T EERIsE T A 2D
FhATREME . SXBRE T EA IR ERILLAF A3, UMESM AT LA BB — 5.

LEREZ YR HRER, PRY LIRS, HEEANERE
EAMRRREERER. HAMRFEREATARRI 1 F0,
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2SI

fr2REH? TR ZENHITER S EMFEMNSEY. ( TE) (FTAEH

BIATTHT 4 D) XAPYEE T, XREREAZE M2 mERNZEE,
NTHAEARN, BERMEREEALRERY -MoFAE, e AIMARE
—ME 2R LETZENZRYEME=RICTE. RECN=ZBiCHE (EEXA=
BOSHIIER B A B R @ EER ) 2.

B 5 AAR L — 5

HAEERABA

B, HAEIRSH R,

=B, BRBRERNFARIERR, REEREL XA RHETHELE.

TR Z JGXMESC U AR 1, Rifl, =RIBHEARLZELRMEEN. 6]
m, LATPASE 19 HEERE R Rl - Eadk (BSAMRAXISHE - R2/R)
I

P A AARR AT AT 4R0Y
A ERBEBOALZIEEAEY,



10 BEEFXT—
Endiedntadlas

FREAHELE —SEARE (FiER “—RBRENAARE A" EF, X8 “—
B XA L SE SR ERL SN o

EAENHTEER, BFEXEERETRE L 2E0ZEY, AR S
MATRERA TR, 19 theari, w— 2 XA ERGEXR (1648-1716) ,
R B TS, EERE T HOME E (Flan, S480ER—RE, M gH
AR o

fifETrE - fA/RHEL T .

Irif - RT 1815 AT IR, MRl T X0k
RRBALSIER ., FTHANACERNMEE, B2t 2,
Hith, A YN REKROERFE T, EA A
T 2E BT AN, (HEMEEE B TRAKEMURRL
FEIOFED (FRBRACEN MY . ERSCEMARERNSE), 7
RTEFORNRBIES T RIFOEE, MXARE Rttt adi
BETNARRERR M+ THLTHE, AEEEE. 1849
8, WREEE SR RN RSSO0 T FR 22 M s
LRBEIEERAEFRR.

19 iy — B R - HAERAEZENEEE X (BhaFANZR L
B - 18- BER), BRI FAAETRRBINER SR Bl MEREE (2N
O r—R TR —RBEE ) (The Mathematical Analysis of Logic, Being an
Essay Towards a Calculus of Deductive Reasoning, 1847 ), MGR —REKHEZEK
RIETE CEAERRNIT R — 28 SHMRBFIECIER ) (A4n Investigation of the Laws
of Thought on Which Are Founded the Mathematical Theories of Logic and Probabilities,
1854 4F ), 1R (BAEME) ( The Laws of Thought ). /RVET 1864 &, fhih THRAE
F FIRTER TR, B, #MFE 49 %,

/R T 1854 SEFTRRFEE, RPZMEE 1M otE, EOEREN ARl
BHEABRTEE, MRBAHRE T AR RN T, e RE—RhRk
FIEREA KRR TR LR, MAEXFMNARRRERE (AR
X SRR SR BAR )




T AR RESTRIRRERRSES
!

HREWT — MR, IMREE L LEEARBEARFERA, MEEERN B
KU RS, RIER (BFEIFE) KERF, B (@EN 47 A “x”)
W ARAE X F 2 MIfHEH . BH, BN AESRBOR R AT SRR X AR AR -
LA 3 BER. NFNISRERLEN 2 £, FITWERHLNES 5 8, B/REmNE
RRFTIN 3 &, Rs/RENE LD ER?

TERRUOXANAIBRS, BATH BRI FRRENARAES, THANAFE5 5
FrEBMAFRENERE S8

A=3
B=2x4
C=B+5
D=3xC
RBPAL 4 MRERNFAR—RTFHEHF, RETUAEE - INEMRERSZEN
X

D=3xC
D=3x(B+5)
D=3x((2xA4)5)
D =3x%x((2 x 3)+5)
D=33

HHATRERBUE RO R, RMNEE—EAN . XN TEEERR AT REIEH
REFE, UETERIMABUISENRAN, EETRRECEIINET. ERNFLR
TR F IR

B SR INIEFIEIZHAE (commutative ), EERE, FEEHABARIERIES T
(S8

A+B=B+A4
AxXxB=BxA4

R, BIERER VR TCHR BN,

h 92



10 BREFHX

BRI HEELE A3 (associative ), T :

A+(B+C)=A4+B)+C
AXBxC)=AxB)yxC

&®iE, REBENENBER (distributive );
Ax(B+C)=(Ad*xB)+(AxC)

BHEREMB—NMEARR, ERAERTH, i, SENER. BFHHE.
KIEATHRHORE BBk K B BRI . 7 JRFIR A 22 RERATE TR BN BRI & rh 3t 25
HETMERE MR, /RS (Boole’s algebra, BIAEHXAEM ) Fh, BIEEARER
FifiR2k (class ) BHE, — DB NBYHEHE, TERLBEHRAIES (set),

PASE ARG SERTEASY AN SR, AT HE, AFe M RERAM, 78 FREE
Mo 2, XRAMISHRENAREF . AR EENEESME/NENH AR
SeETRET N PN F 4 BRI — A R EFHER MR A, YEABRBIA
MR, BUFTLABEA Mo

AL AT VAR F BB, Flin: TRILURERBERIE, B ATUAREREM,
wRERAM, OREAE T, Bk wHEEHHEME AR,

LA A, SRR ATEA HERAE A ROFIABAEER . TATAFE N R ERE
B, FR URTRARBAFI,

RN (BFH) KRBrh, 775 “+7 F %" RRFoRIEFSRE, A /RRE

L, A TR X7 XS, XRTEEERREE. A AREEE R
B AR, HRBATNMPR AT InakAE3RE ?

SR, FEARRE, HRASRFEX ERER. MAFs “+7 M “x” F2oRIE
FEEARE S

EARREH, 775 "+ RRPMEGHHE. BITESHARNEEMERESE—
MEEFRFATERSBE AN RPRATRNES . a0, B+W FonaIsLRFTE B
SRiDE S
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””””” T A REFHENSEERENES
FEA/RRBE, FF5 < RRMNMEAHRE. FMESHREREREEE—
AP XER_NESHIFTE LRSS, flin, ITRENEFFEBERENES.
BAEGRE—HE, BATTLLE FxT B F-T, 8i#M5H8 FT (f/RREP e 5ER).
AL RN F R BR AR BB —: R,
HTBGAEESREEARREEE, ARARFS “U” M 0" XK\ “+”
“x”o R EEFE TR IR R LA TR S B g, Bk, FyoERRh
Hofgid:, TUASESINFTRF S BRI .
RTHAE . GEEEMS BEEER/RREPRIFERGE . 1 B /RAEA, ImkiE ]
PR BECIRE:, BIEESIARET, XA :
W+(BxF)=(W+B)x(W+F)
FISMEZEEENHE S TN EANSER MK, XWMESHBIE, A%
MUESERFFSE, ANFIEEMITE . B AR, BE, X MEERRGIN.
FRREBPEAE RIS RIFEEEN. IRNMFSEERGET, HEE
HARHEERX BT, TR TME, BITEARNEX. EARREE, /FF51
For 2 — RN FTR AN EEY. ARTHNE, &5 1 2RRELE “Fr
RS Hit:
M+F=1
WERN, AESEENHERITEE. RN, Sar. BiE. AESEtEaE
It R AT S
T+B+W+0=1
ML T ik th T AR BT SIS S
N+U=1
5 1| 5RSEMTAR RS LR Sy, Fia,
1-M

TRBUERELMOEENES . XNRE SN ES RSN

n 94



10 BASHXT
i

I-M=F

moI%&EEﬁAER%Am S5k, Blan, BESAMKRE:
FxM=0

EE, FEARREP, 18 o AR hREEZERBPRN FH—F. 6, Fra#sa
MR BIIES

1 xF=F

FEESENREERTE:
0xF=0

ZHEEEIENIFRN R .
0+F=F

HEAN BB SEEREAIFOE R, S, Frals e e AR
£H:

1+F=1
XA RA TR BA X,
Mt FREENESR, (1-F) BFFAEEIENSES, HIXMMESIIFER

F+(1-F)=1
X HE AR 0:
Fx(1-F)=0

Ehe b, IMARRERTEEY LN TEERS: XS TER. T
JEEFEHBEY A REBRR AL, RN CRERXIE,

FRAREH SEGRBOT K E RS 2 dbgle X — A #ak
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~~~~~~~~~~ T A REG NGBS

FxF=F
XA ARG RE T A /RIS BRI SRR B . HEIR F
REMELT, ZIMRERMASHL ARANRT

X=X

HEBHABREARBEX BN —FED. B MEAEREMERREEABEIR

8
A
=]
A

._H

F+F=F
EPRAIREIO AR IR R B

ARARBERL T — R B L SRS T k. BRINBEERELN=R
WIERRETR A, ERIEAX 25

B A AR i — 3L ;
FAEHEAN

BV PRTIBANES, MErLE-EY, S TRBREIRINER.

“%ﬁAﬂ@ﬁ~%"%ﬁﬁ%@?%Eﬁ%ﬁ%ﬁA%%S5Mﬁ~%%$%W§
ERFAA:

PxM=P
W PxM=MRZHERN, B, £LE-SEEYh, RO, AAmRg.

“DIEHRR A" XOENEERE AR ES (—MRMIES) SHAAR
EE (—MRERES) KR IAENE:

SxP=§
RIEE—AERNEATIUBE P=Px M, BITHXNMERXHARE_ANEAP L.
Sx(PxM)=S

WIS E, TER:

= 96



10 BRSFX

SxPyxM=58
HARNIBMSxP=S, Bt L XETUARIHLN:

SxM=S§

B, BITBHRT SR, INEEXEREAN], FBRAENESSHE-NEY
REANRERS, WElRi, HFRIENE . MEEITLES x M =0, SFHHHK
hEASIE. MR SxM=M, &iCiieR: REHBAIKS, EtfEEyaie it
B!

A RARBEE XA B 17 5 WAEE L (3565 _E7E 2400 S RTHARHIE B CREUEEA T
A g—5E ) LR S/INERM, SRTA RARERRE AT ARk e S B 2 B E
ERIPRE . BFRERES T K BYHEE, MEE: “BEE-HAME, B4aF1,
HEREEETIL, S8R, WERELEM, BT aaftMEeasBall; &#F,
RERBWHOTLL” EREMNRN: AN FTXANESE:

MxNx(W+D)+(FxNx(1-W)+B
X227 Re: R IERYT

HTHESE RRIEFN, RAMSATA R EMES, A OR 1 AND H{fi
Rz, XEEFRBASERY, EIEROMEBEFZEEN, TERRERRET0ER,
Bt ERRE, TUEM: F—1MES OR ENES . HESENRE, FLIEM. F—
NMES AND BB-ANMES . Bt z4h, NOT FIDIEMAE 1 FHEI—MRES . BRI,

e 5 “+” (ZRfERHERNAS ) I AT LAR OR k&R,

s F55 “x” (ZAENRENRFS ) MAER LA AND &7,

» {5 17 (ZATEERNSEREFETLETE) HAH NOT X&R.

Hit, REXEAXAUSR:

(M AND N AND (W OR T)) OR (F AND N AND (NOT W)) OR B

XEERAREELRAT R 7o &, XERNARSRARERNERR. 1R
BERHRHA T =AREHH—1
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“ﬁ“ﬁﬂ——ﬁgﬁﬁﬁmﬁﬁﬁﬁFm BE

(M AND N AND (W OR T))
OR

(F AND N AND (NOT W))
OR
B

HTEAAR, JERBRATA - MRIGR T . T BRI, BRFT —Ha

HAE o Ffn 1, By 1 8FK YES, True, BIXFUBRA S XHAFRER . FE 0 TR
NO, False, BIiXFIRARFE XM EindE.
Bk, WAERT —HAEEHIRENAE, ITEREEEINMNERER.
MXNx(W+T)+(FxNx(1-W)+B
DITFER O 1 8% BT,
(1 0% (0+1))+ (0 x 0x(1 - 0)) + 0
AE, AAMMTEER 1, HAXREEBERA.,

AR BB R A X A F A T TR B EE R 1, WX FUS R & RAARIE ;
WMRBHEER N 0, 22X FVBARA . AEHRREHRELS, BATFEAR BT
IFSRIIEE, REBEFERMTAAMERE. FFE “+”7 K& OR, 5 “x” L& AND,
HRZFHRANFEH (ANERREARBERFS “A” 1 “V” kFE R AND Fl
OR, MHERFS “x” f1 “+7, BREXERS “+” M “x” REFEBHREX ).

YRFS “x” 3K AND B, HLATJUMATRERIEER
0x0=0
0x1=0

1x0=0
1x1=1

WEER, RAYIEHA AND 246 WnmEE 1 IR, 458848 1. XMERSHE
MRISRERSE AR, ZAMRTLAREE A P X —AEHg, X558 8 Frhmkfg

& 98



10 BRSHX T

RO AL,
AND 1
0 0
0 1

MRS “+7 T OR UBSIR, ALA N JUMATRERISER :

0+0=0
0+1=1
1+0=0
1+1=1

MFEFLAT OR A MNRA—MEEEOY 1, WHEFERN 1. INERSEN
MODIEEZEMEL, (EURFE 1+ 1 =1:XEHISN, BFRF OR ATLABEE ot T ixrf— 1~ R4&

|

OR 0 1
0 0 1
1 1 1

HAL XA FIERAF— FIREE R R -
(1x0x1)+(@0x0x1)+0=0+0+0=0
#5399 0, BIRE NO, False, X/ INERAFEHREE,
BE, HATH T -HCEENAaE, RHREARE:
(MxNx(W+T)+(FxNx(1- W) +B
¥ 0 1 A
(0 x 1 x(1+0)) + (1xIx(1-1)) + 0
(LaTER
(Ox1x1)+(1x1x0)+0=0+0+0=0
g, SEZHNER RS IR,
SRIE, JERERT —RESERRARNE (RaBETHAEe—/ Rt 2ok

99 4



T AR RS

1

i) FERWT:
(0 x1x0+0)+(1x1x(1-0)+0
HIEZER
Ox1x0)+(1x1x1)+0=0+1+0=1
BUGLERN 1, BWE Yes, True, XATUNETRIRIR (i HIER FIREFAI/ME! Do

LR, /AT IRIBE FEERIR R, IRICR AT AR AT LAE o vl FE AT
BT ERAE LIRSS IRINE 2R, (REIRA BT ). RIRARL
B, R NEEORS LR, REMEX SR AR S RS,
F HATLAS o A A AR T RN ER, AEILXEIMER,

FESSRMTT G, BMEIERERER, B, FATRNMTX, AR,
mFERR.

- . Pt

(

NS A NS

XN EE N E RABERIRE T AR B series o JRVREI & AR HITTR,
Hro#A =R,
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10 &5&'—5%9&7‘“
|

ISR ASARITT AR, TS HLAINTTE, Rt 28Aakt. AANA
APATEREBAI SR AT A 5, G FEIFTR.

A s
’
b

“
]

ey

b

XERXGERE 57, YEAWMTIBIEE H &R R A R [FR
XMRERE—MHENEEFR, Khrl, MEEERE “PIMITXRGHEG? 7
EH—AAR XA, BATAILESE b &k,

AEFX HHFX 35
Hr It i AR

i & A%
W& Wi AR
& A& =

FEZRBESH, BRNELME #FRE IR EEN—MEERLHAE
1, TRERNETERFA - AR BN MR R, FATTH 34 o 1
FOUpROmREE T, THtE 1 AR CUREERER L — MPERERAMIRE,
B AT DARE AR, FATATLARE 0 AR “FEOCMTHET, 1 Rk “TFxHiE”. — NI
AWFRES, FHit, ©hal DR ARk R R, AR 0 & “ITHEAR", 1R
x TR ML ERR, BATTLCERE I v FE.

2 REZFR—FEE
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T AR RERTRNRRHRRAR

ERX BFX kTR
0 0 0
0 1 0
1 0 0
1 1 1

TR, MR RAG AR R, SGRE . IS
KBRS BT, REIRER B TEAS vl AND Eak OR FMUE R,

BRECHIFF X 0 1
0 0 0
1 0
HIH, X455 AND F2—H.
AND 0 1
0 0 0
0 1

XA R R T AR AND i85,

K, MMRE—- FERLR, BTN,

=

IXFERE A M OFEE (parallel ). XAMERES F—MERENOARRE 2 AT

FERIER, TSR,

a 102
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10 BESFX T

‘ "\\ .
R N
wvﬁ } {z ,,‘:‘
SN
e
e )

T,
|
\
L*T

+
T

EARE FEIITR, TREaR.

E Y

REMEHAIER, MEERaR,

e |
: Z :
# [ -

| ;

| O

!

!

:

{

|

- ! + 11
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T SR RSB R

W FHERI RS EE PRI CHARESBEE, TEB2R. XERXEFERN
uﬁ"o

FLBR X —K A 7 — B8 ERBOR. AEMET “RRATXHES? 7 KA. T
FREE 1R TAFRE,

EFX | THAX | Km
WOt | WOT | AR

it W& 7
Zi N bad
Zis A& Ead

FIFER 0 RZORTT O R FATIRAR, 1 R XHASESITER, XK
SR TR,

EFAx THX K178

Ll Bl B~ K=]
—lo]|—- |
_— ||

FEIRERD, PIANTTRATLAARE, Bt Bt al LS han FIER.

HEERFF < 0 1
0 0 1
1 1 1

RATREE SRR T, X SMH/RAEHF OR B—HH,

OR 0 1
0 0 1
1 1

BRI, PN BARY T /RAREUHI OR 28

RAEAESEYRERRR, SRER: “BREE-ALE, B4LEN, AR
AL s A, BAEN, BT HAEMEGEEILL; BE B ER
SR T RER:
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10 &ﬁﬁgﬁ;t uuuuuuuu

i
i

(M xNx (W+T)+(FxNx(1-W)+B

BEARVRAEM MR BEREH AND (FIRFS “x" FRom); PIAMFOHIRERRE
#OR (HfFS “+7 o), BEBLARALIR 8 M Scfian Tk,

&

W, 7N
w0\
4 T Ll
b P N it
W o l

FF e

e .—f}\ W

| "
. b, J

i
A

MR B AT R — D F BRI — S R RE R T N 78—
(W FoRNOT W, ‘B 1-WHA—FForTR ) MMM AR . A LB TR
WHHREE, R ARFKFEINRARIRPNFE. ERERPENFES <7
R RERLEEFREIPT T SC (EEMATTR ) BIRIN A, TERARPENRTS “+7 X
AN OC (ERBRTTOC) FRIIAIE

S5ZA—, EREAERT —FREENEEAM, HAMRRRITE, mTEET

TNo
o,
% N
M N - ﬁ ‘!:my) ’;
va-—v——-l// .-——6 - ¥ /
e - ™ AR
i I j t
| - = 1
X N J&’,_,W,A.}_J
i
“ B - ; !
I '-L
[I—

REfM. TRIWHE T, BRRERIHAINE. B8, EAXEHT -
E4EN A AR,
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T A RETHRIKEHHENE

£ DI

XK, TEERINERRT, ZRXFEFE RN E2ER,

Trid - OPRCA I R, A MEEMBER RREAAT k. Lk
TP MK SR, XHEBFERNEERE, HRIEE 15 FAEFEAT
BT, (BREER - BRI 1844 Ei0UE 7 AR RHLR ATI—R TH/REXR

CRERERITA) 10 F—RRR L BN LR BRI RAN ZRAEFE S
Ho

SR, 7 19 D, B ABR/RRECPI AND 1 OR R FFC B BB
EBB| R, RAESHREER, EXARER, EXRHEIRG, WA
Ao EEHBYIEAIBERAWERE - BIFF (1792-1871) 1i&H, fb5hRAE
BB R T AR TAE, ENTET —4&, S5t T 25 M (Difference
Engine ) F147#75|% ( Analytic Engine ), iX¥7E— ML 2 EEBEEHEIA T B LROR]
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0 BESTx T

T ARAFHEREATURBCIATN, BEM2E? RODAE, ARERE—G0
RERGIZTHEN, MAERSRAATARCH R

R, BUEERES.
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']

TEELHIARR, KT 20 LRI REYE RERAI AR BRI, AR
RATREAE AL INN “logic gates” (BH]) R ZE AR A RSB AR &F K ar
Z's BIEAR MEEIEIERN—AE, BN SEENIKES S AEL R
AR KRR 2D ZR T TS AR B A— L AR SRR - R AE L

£ -5, fRE#T —KEWE, FHR: “BEE-HALME, BEEN, Al
BEMITLL; &R, B4EEN, BT AGIMEealnil; &, HEk—X
PRIRRAT . X HERL G A T AR RER

M*Nx(W+T)+(FxNx(1-W)+B
IRt T LA XA — A P S AT MR U LB SR o, 9 PR

1 Bill Gates ] Gates ZEHELFH “1” IEREB—FFHE



., TN
W e o «‘/
M~ N h ‘
-:-—“/ol—(// %‘"’\ \
( |
| |
% B J
N L. y,

IXFER BRI AR PA%E (network ), TTiZN43X A58 25 Bl SRR HHEH L 8]
mER:, MAUEZ M HES

XA RATE SO RTE 19 HOsER 2 RIAHR T, BEPIER, &
AARREHREBEATUAE B I, XMENRAET 20 g 30 ERAB L.
FEDTR AR TS « SURMATE « BR (AT 1916), 1938 4E, HRAMESET ¥/
BT AR (SR S BRI TE S 547 Y (4 Symbolic Analysis of Relay and
Switching Circuits ) FIZEZWITES, FEXHER TXANRM (10 £2/5, Y ERT
WX “HIEREEEEE”, B The Mathematical Theory of Communication, %285
Rl “bit” iXAMARRIR Z#H BT ),

1938 fFPAHT, AIEEFE, UBHEATF<BBnE, ZERMNAS S, Bkt
Wit YRANITIOOFBE g, MEHPEM—ANE A RRER, BRENAAETE
RAFERETHW EH A . BT T RN AT Las A R REFT LB 25 5T o lLig .
A, GRIREME T — MR MR R &R, B2 IRt AT LARMEARR I M4

Blan, $RAEBEERSERTDAH THIRERHAR

MxNx(W+T)+(FxNx(1-W))+B
FMAZERE, TATTLAEFHESIM AND (< ) EENTE, HERERX S TER:
(NxM>x(W+T)+(NxFx(1-W))+ B

R T BHE X BT, B EXRAFAS, XY
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SE—REL KB ENES
=

X=Mx(W+T)
Y=Fx(I-W)

WA, MRFRRER/IENRERTIAS:
(NxX)+(NxY)+B
eiEifs, BATIAE X 1y Rax XA %,
EE, TENVNAEREIFHITHK, ARSEER, REXTUBIE-NG
R
(Nx(X+Y)+B

DAER XA Y IORARHEIN

(Nx(Mx(W+TH+(F*(1-W))+B

HMTHEESARE, INREIRNEEFHAFSR, BRXNRERPDT ALER,
BEREEMSEH D T —MFK, AT EHRRREE.,

T/,J 1\

s )

”};

I ' + /
L7

BASE, UERABATR B B ShEE SN B H 2PN Rk RO REH R B R P £ o

L, MERIRFE=ZATRELSRN. HIL L, RRAFENNITIORE XR
D EEMERRENE] . XRIHAHE? BT RER A TR IRTLARE—ATTR
REFMOUR W RREAR, MASFRRERN), B MTXRASRIELE
HAEFRD FMiRorkes, MHASURREEE ). DR TFXARERENE
ta, XEAUMTRRHIMNEE (Af. Ba, BEMAMEE), mRI1EE, Wk
BERUARA R ES, TRIEFENER M EETTR, 6, BATFER
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¥it&orAE, —THeRRERS, B HeRSRE, RNAeRREmSIG,

DAL A IR E— D RISk O AR . X M5 AR RATANITE (SR
5 _EAEHITTTARITEOARARCL), HeSNAAR LR L% T — T, an FEFTR.

TEORATE] LRSI ORI, KRNI B RSk ER (0 B4 FF
FARCA ACETERE, XN TR EREGE I ASESBN A/l FRRE
BRRAECH, Z2ari B, SEREAE S (a LETR) Bk rRa., B
FERAPAEARHRAM T, SEREAEEHE R R R TE G MRFENMFE RS
W RS A, XAEFEME 0. WA REMTITNRRE TR AR, AW RR, 78
5 T8,

TEPEARER, JFoCR MK (input device ), B4 BB anfil T/ERY
BE. ARG, MATTRNET 4 MTHEBER, X B ARMER— R, W
& (output device ) FURITIE. MRITFIR T — R SERERIE, TSR, ki
FEEHERAT RO E R T —AREENR AR, XFUERT SRR, Hilt
TR R,

DIAEBA TZ ORI RIS X AN AR T AR,

ATTESRE], FRINESCGEER (HRFSIOCRBEINSIHT ). XENHHERSY
ATEAHESE 6 FREINBIRALAHIGEIFRAEM, RMEFTREZFICTHIRR, ke
HOSR) ZHATHMIE, FAHRERAKRIERFEMSEH,

SRREHRIT X —H, ATLARBRBREH B LB FR TR RO BT S5 . X PRk Hi AR Y
HAAMBZE] (logic gates ), :XBRBIFFEIIHAT “HR" ZEAFEREZEITRT
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TR RESHTRNAERA AR AR

R EEARIThAE. SRBE T T2 AR T, Ak 2P DA LA BR BT, TS
BIATH. SRERE, e BRI A AR ASILE R RO, Hli
— SR BIEARE, BEE, T, RO BT RS, JFX. KT,
LRI AR BTSSR B R AT it ),

AR, AN THRRAGN TENSEEXREERN, EREHEFEILT, &
RSN RSEFREEE. XMTEERN - EEERERHSEE SRR
ARG ZE . 4R Rs st RS R O CILX — BRI, SSbr b, 4krEREE
B S5 KA GRS,

AMBEATENT S, Bl T4 HEFBORSSE SHTIREHF A48, B THIER

PGB R AR AT P LAPE S — L s FI T IR A TIEHRIT 5c, FATAT ARS8k AR 156,
AT HORIPA T R B B R

ER, ORI RREITN, MRRAR. SHETTIRRE, o ™4
MR EASD EORLE ., TR & rEtE, K LHNHEtEESEh T, fH
BEEEE, THRIE.
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LR R PR, BRI AR (triggered )o 2 ATINIIITR
WITRORHR, SORUREMETHA, SRERTBIFAL.

XEERCP R — M BRI 2%, Tusihs B EsRrem. R
FRLREITR, SRRk R Emsa, EENIFCLIIAMUE SRR, &
TEREELERK Bz,

FEX—E, (VN 20T ) BA PR L iE Hgkias, BEsiFHER b mabE
BRI . FATAT AR R 77 R D — s gk, FEXRME LT, KRR T —
AR, HAREIERX YR,

RAERKFAREMIOER, BRBAERNERA TR FERFT AL S 252
. BL, BOTTUABEXHENRTS,

+

L

FsE S B, 58 6 Eh—#F, WUUAKRE TR Vv (RELE) kAR RHRRH, X
FE, SERARE LA T EFTR.
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TEREE, BN V itd, S@dmBERimERM b, mAERNREEBRER, N
TIZEE T V. AT R, TR

~~~~~ [ B
v N AN
; A
; +1d
i,‘m . é %
b - /i

Bt A

FHEEER T AR EMNEA R (BREX-ENFTARES, FARE,
B “v” RATDA I EER, Buntiintt, AR PR, gk isiss
MZEIIATE i, RETRE—DRAXAENRE. flan, FRaEERTE
NIIT R AN AT 2.

e
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BHE, XTRBEMRAHEEREN, MM oBNEERgRF. TR ERE,
PR, RATEPEEER—F, WRHMRAIT LS.

B

YHRRBEMAN (Flan, A—MTRTmAER V7 i), BERSmE, Sl
MRE -,

SEASAPMAN—ERBERT X, Rt RBpRR T, — DRk
DER S — AN, G20 F XA A

HIRHIG, B SARR, REEESE MRS, TRESA KRN
R, BETREI .

()
W v - \ / -
' i N\ R
I ‘.’ §or ~
I . ‘ B . y
e " -
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HEHAR R B R PR TR

SEBR b, ATMEFTLAR BT B4k e o R, WHEREH BSAES%
PURRIN, FR, SEEHS b SmE M, SHEERNsiER, EMaS Tk
HEM, M2 —EESRER 5 T aRmiE gk nmn, mEKhTIE
C5 LM AR TR . MBI R, SR R0EIRTAER, Y
NFEREFFROR R, AT,

\ \W};%‘ /
I
Lt ’
HEATTRHER, ATHEX,
o)
v ; /
| |
L . - et |
Y — — =

FFFSRARER G, X A4k s o0 gk Hi s . EHIREMI MR, (BEXM
FEHLIORRME F RN T —S—sm A RER, B
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1 i1

75k, MRBEARIRYEBRFZEA 28T, R LATEARMI S H AT BiEH

BRG], FEAMKEBMGTTIE R R, RS 275-260 F1275-214

RISKELER B IX M/ Nk RS, TR EATE it flo XEeake 3P E s B 7E
—ATRNEERSNER, ERRFTUE R EEMEBE R . KEM T —ZFRS
FEEDE IR TTHS O 275-240 FOSKHRES, XFRSRELERARVIN (R—BROFHEIN)
T EMEEE (A 2.99 %5 ).

BUERE], BADFEOCHILARER, [RREH, PI4REmEStrlLARER,

Ak L ER IR H D N AR AR . FEIRTUR, MBI OCERT IO (%,
TR BAVeHA LRI,

;;;;;
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T RE—REETTENREGERNIES

ITHUMRATE, B THENITR—ERNITR, XA REMA . BiIBE
WP LRI >, FHESG FERFR.

B

.||}e

TR, mT LERSmBRRARML, RRAERLTE. RABWNMTR
SN RITIEA 28R,

gt
j

XA, PNGREERETRIA, BN V IRETRERAZIA.

BAEBAN TR —FF, XSRS RT TZEBRIE. F YW ka0
R FIRHEATIEA 50, AP ERRAR R — 1 “S177. 9 7 @RS R
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w, BSITRMAW TLNNFsEr—1501,.

BA *D— ik

XRONEAZRITP— SITAMMING ( FERAR ) F— M
( FEES ). X RRSTTEEMALAL, MBEGR. XREIATIRT
HARANEEG N, ERREENR RS mARR. ES5THETABESEAE i,
e E Piro

HAANRRAS . PRI OCR— NI R R f B a0 TR

/51" F5, FEETE N FARIE,

V' @
S—
L

— E
o] J

EE, STINFSAMUURE TR REBRES, T HERRE FERHEE5RIE
MR, WA, AN FEOTCS PEPIT SRS NN G, A4Sk
Yo XRRIEHN 51" WEE.
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*“T%E——%EEﬁﬁﬂﬁﬁ#%Emﬁg
o e S S

SRR S BT AE, RSB A —E RS EAE. EIHIE
BRI RN R RS Hmm . B, — SR ATMEN H—1 5T

REIA, WTFFR.
v
\E e \ //’ \\\
Dy
B

s
L

FHRY=AT LSRR, JEtrax. AAS ERMMREHEIN R,
-SRI A 2L E AN EITRNE - MRS, ik TENTCHG ML
BTG RE MR,

MRBA TR 0, BEB TN 1, 2SN HEAFEH 2RI RWT
FRe

o— ]
_— ) i
! e

BN, ST SH I RIS R R T ZoRkER

AND 0 1
0 0 0
1 0 1

FFERTEAE ST S M AT BN, B=4m sk, mrEHiw.
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PRIN=BNIHTT 1.
LA AR TRt A2k L AR ER T Ao

FEEMIA RS AT R BAE— R, XA IR AR gt TR, £
A — MR AFARE AT, flan, mRAE EERITE, TRER. XN, TEMAAE
WOSR TR T R IRBLR
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7 R—REATTENREGEEMNES

|
I »
e i)
M s

1
R, WSREA TR LRI ST, & TEITR, Jithagit.
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1M 11

BMBR, X4 EERIFER FERITCHE, TR0, XEREERE 87,
XD BRI RS LRI A RS FoREk 1.

ﬁ}\j}—ﬁtﬂ

TSRS RME AARL, ERRNRIN—RINE, 3SR “OR” hFH “0”
— R (AR AR TEEA ] o

RITRFANMaNA, REF - ERE, WHsREEY. MR EEFER o,
mEFEM L, 2B TEA VIR RERA TR

GRS, BOTTLBET T ANE SRS h—R, TR,

OR 0 1
0 0 1
1 1 1

BB A AE S AR (REE—-MaAsmR 1, Hadmsts 1, JNAERarm
Ni#B Ay O B, HHisRA 7 0)o

AT T A 2B ATTAT RSk g IS4k =S, X R v A A PR A R
ERTTR. WEA MR R, TRASR.
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T S8 —REETENREARENES

LI XHAR, TRt
WATAR BRI, OB AT R R

XFERTE, FERHIE, ST SR K - LA A Tk 4kl 5 U80S 71 88 Cinverter ).
RAagEAZE] (— N EETTEEERIZEZ MN), REqt, BERALERR .
KA AR T L IS RER.

BA —{>o—— Wi

T ERRR 0 (RiY) ¥y 1 (FRY), HREHOIRARE, RdkbE—H
Mo

MAKFRE. ST, BABEATUETH A B sh IRk r i Sl
BT BRMITRMH, B—NITXCHERRENE, TR AN. Bk, BIOTUE
BIPANMES, Eefo g F M, R ERTR.

Vv

L ;
o

BFAHIN, MB0, K2R FF, BTECHERoRx FC A, Wt
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" T

TR FUEARLEE
\Y

Tt
THEHARMFREME R, AN ROARAE S IR ROMARRS G, LT AB
AR RN

LB REETR (W EEATR), #orAf, L PR E AN M EsFn—
ANETREE W RESHT R, MRREFE—HAM, WEDIERFE (1); BTN, MK
B (0),

\%

o

\ W

L

YR TTMTRY, BN ASIENGA 0, FARASAEE (thetl 5
N) & 1o XBLERE SRS 1. IRE—ANITRME, SRS 0,

BRAAGE— MR, TR A— AR mssf— 451138,

v
P
Vv B
L
RAEYE NS TS AR, 51 1%MA N 1. R, mRsE—
MFRFAETE—TEFT, SIEsth 1, BRI RERB A,
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WRFFERER AE U ZoRH AL B GRS

v
L
L
WAE, AT NEBRAFR—DKEE (FBERG, BLROSFTRENEZE
BERER, BARLOANEXRNFRR U EFT L, BEERE).

Mow

L./,[_(>_1 B

ENEEEERIERER, BRINARFMEMGERRKE, EHEINS5TNEAR
MIBKRY, TUEACXEEAERAS, BENIERERE—H TR, mRAPINITX
WTTT, MHES WY 1, HMAED 0. mRE-IREE, WaHESB 1, H
iy 0, MRitAsHE,

SRR TR AR (A — 2, e IR R — (R AER)
RO P LA — N B DR (B mis ) BRI HEMANRBAT (BRmAER)
R RN AT AR B R

XA 4 A5 2 AN ASSER BRI BB “2-4 B3R . BMADY 2>
7, FMASHET 4 MARNE. BHE 4 MES, EANZAREE R 1, ETH
— R 1 BRT RN FIRIFRRRREEE, FATTUMEIEE 3-8 FHEasEE 4-16 F15
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5, 5%,
(i eor S SO SO

Nx(Mx(W+T)+(Fx(1-W))+B

ERNFARE, BI5 (+), BEXNNAEEPE—NE X TE—NRS (X),
WxRI—AN51T, BEEEm R,

—D

— >0

wEmHg X

LB A Ml ik i _E BT R 5 EAIRE R P BRI —Ff. XEE SRR
T 5 R EEAERITT M 2-4 FRESHRIH . WERARE RRERH (1-W) SR
FIERRI .

XB, FRATRERUL: “IX—HE4KHI[RL 717, B9, #statt. SAN51IME]
HAERANRERS, — MR AR E DR BRREXEERNERLT IR E.
ZENETHEME2 MBI ZH4 0. RHFFRARENIRXAEXHBECERE
1.

THENE DI AEERIOZE T XPANT#S ARXEF— RS, &
SREEARTEARBMAR, HMHREY (XEAERAZETIMLN ) i, £ FEXF

FEH, B MSKERNEHIE kAR AR IR, SRR TR, AT
i@‘ﬁ%o
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R FER RS, THERASEX.

T
L

TR IGR T 58 — ANk i A A IR . RIRERY, iR R I Xl &

1B
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11 M T

MRFANIF R IAE, TEbAR,

B /N, XA S SRITTHEEAR . NRIBER T, FrbAsUHETTH

A NIRRT SR,

AR s T KRR,

NOR 0 1
0 1 0
1 0

AR R R SR ESHR, a9, BMARA -8 1 st 1, K
BRANMRNE S 0, FHA K0,

TR B —MEREM R AR 1.
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- RB—REETENREGEEMES

\'i
Lw/ -

YW o
Lm—-—/ -t

i
i

FEXMERT, PIMRMHERT—E, SRITAREMU, ERNRAT B
o JTHAERANT R WA,

Y FEATTCEAR, JTHARRE RN,

)
I
F#E, YRG THRNIT RS, JTEHERARRRN.
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11 HT

v
A\
()
0
|
LQ —
v Ty

X—ERMSITR AN . XFZR B9 S5IEN], BFE# NAND, SR
SHSIIRE, BHemES T ANEE, SEREREASIESAER.

Sﬁ)\:D—ﬁtb’

SR A P RATR,

NAND 0 1
0 1 1
1 1 0
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T SR—REEHEYSEAEENES

EESHETRBENS IZ2ERN. SMTREYBRALN | REEHA 81, T
R 0,

Bk, BAIELE I TUURNMARNG EEARE A . — M Hrggk
B, F-MAOROTATREA—H. hTERESES4RR, RIN¥EIhEE
I, FARSTRIFIFHERNS IS REREN. HEZERHBRT S8
A, RHSWMARICR RGN TN &R,

AND 0 1 OR 0 1
0 0 0 0 0 1
1 0 1 1 1 1
NAND 0 1 NOR 0 1
0 1 1 0
1 1 0 1 0

W, RNELENUNEE TN RAE. EXET A5 —EHENHMERER
ROgkrRE, W FERTR.

]

XMgE S (buffer), AIHIN FRASFRR.

I
17>

BT ERR/NER, XS SR MESRRANUN. RIAE, S “RAHLIFER",
BRI SRR,
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11 17T

0—I>—0
T
HEEMAESRESHRE, etk A%, Z2aiidfd, ItHER

ZEMERRYIPERSEFNRR, A5, ZFETTURATER-NMES5, X228
MR BFFE— AN H— o2z —B—A Sk

FHENX B, HEFBARDHIT . ARz, USRI mEmaEs.
[, PUMEAGEE [ TAHAL B AR 2 mRE (40 2-4 36588 ) . UK,
R X Rt th R thakr 2R MR, BRNAAEEREAET .

ATEZEREL 2-4 FIARRORHR, B H I — /BB

U

FTRNESET R AR ST INEA . SAREGHN AT E N m a8 TE s

THIER.
-
—

EESMTRNRR/NRRE . XN NRE R ESER SR —K 0 (fRi°F)
RN (BEE), KZTFR.

PR b, WHEMNRAMARNS TSR TR S,

>

HAE LB 0 R, HeA oy 1.
K, WA TMEIETTHEFI.
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REYEAEN 1, BHA RO,

IXPIAFN X RS EMRE RIS, ERRAELH I X TR S —f2
BFER, WHRK9 5, T 1847 fE 8K (JERB1E ) (Formal Logic ) —4, 5#H/REK (B
BIEESM ) ( The Mathematical Analysis of Logic ) 154 E—RHR (BBHZR—X ).
bR b, HRHREENRBERET—SATHNSE, XNMFCREETEERMA—
PREIGHREERER 2R (ERFUESEERERE BN ). BERIRERAI T /RO
1), ARG R, HEMITRIR, MASRKRT XA FLEHZIN, i
JUFEBAN T,

EERREA N DA o R,
AxXB=A+B
A+B=AXB
A 1 B BN REBER. £ —AFERD, FMRERSW IR, B#fiT5E
H, XE5FMRERHTHERE R (BlsdE) KERE—HK., TR FEER

W, BIAMRIEROCEUR, B THREE, INRMNMRERSE S EREEERX (B5E)
RILEREFNH.

EERUE AR A R RIA R —MEZET R, Htth e URRAER . W E
FRRM, XIERBERIESCHA RS TREMIINEIES . BAEARBHELREAE
B, BIDGENRI A3 aHTARUSEIIEREHE . B0 T HEMOER
— BN
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e i) P

MEREREZEFREANZE, FitinREEE -5 BN (XBIERABHR
EHNE), BLESRBER AL ERN RIS, YFREIEENER, Mak
W, FRnETHE LR TR T AE, AREA TS nkas, Rk, B
FTLAFI RN SR SEBLREE . SiEfIERE:, THREBNE, SR AET KELKE., TH, U
BB SRR,

X—ERRNZAENMNERSTHARTTESNTENOR, Fa2BEK, R,
R1g, MHEFHERGE N, RAEBOERNTFAREEMESOLSEETE, HEET
KT, B, B, B8], EEBUTERASMZE TSR SRSX e 2 B
WEPHZELOIEERRNBE TG . X MINESTESNERERAE 120 ZEAH
EEWAHHRT . BAGFAAEBE PRt 2, Mk, ATAEEK EARE
ISR R R X AN INiE 2R o

XA MmEEREE AT AR THR, WARARAMERBLEN. KA
RERAHFZAMOBNE, MRATEARNE—HITK, HEEREEL-HTH
RERE, MARABFOEARER.

B, XAIEESFIAT LSAAN AR, H5 St RN AR,



e

TR THARBONES TR S RIEOINEAREAR . SRR LL 245 A0 673 IXPIN
TREGIRARN, REIEX DAL R LARRR SR, SNPRATERRA+E
HARDN. XM, BN S R 3 AN, AiEHh, 12(EDNiESRAR B HUARIR FIRE

AR S R EONE BRI AR A T SR EOnET AR T A E A
B NER,

+ 0 1
0 0 1
1 1 10

WRARRE— K It AR 3] TIXAN A, IR KA

oMo%ET o
oMm1ET 1,
1most 15
11 %T 0, #6181,
PAEIMERFIUEFRS N FTEHE AT STHOER, SFEEMERBEE— 2 45
.

+ 0 1
0 00 01
1 01 10

BxtE, —x TEHEBEEIR SR P BB A L, Hrh— (M EONEAL (sum bit), 5
—RrMIMEGARIAL (carry bit, Blgn, 101 % T 0, BE08 1). FEEATE A HB0n
RS BRDEE, B DRERINEN.

+in3%E 0 1
0 0 1
1 1 0

E AR
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12 A T

+E{L 0 1
0 0 0
1 0 1

FIX R i RAE LR E T8, B IR WIINERS Nk S AR Al TH
BE AT IS TR ot R, BRI TIX R, sTe
TiES, FEBERARE LR, B, WA, Bk 118,
FEFA LA AR AL

SttiiEonE—, AR H BT B AR A RRE SR,
01100101

+ 10110110
100011011

AE, TERITEAGLHNE 3 FINEHINNRHE, 28— 1| #HE T8, X1
6., F7. ESHtE M,

B L KR T EIRAIN? BT U SR ORI INFARS, AR 1T AR
— MR AEE KA T IBARMP LR . (HRSIHENE R, RIEiE
B T INE SRR B PATIINAKED 8 L. LGN, FIEEMHEM—
BHEIR, HIEEZM 0000-0000 ) 1111-1111, BI-H3 &850 0 2 255, B4~ 8 S i
MRAR K 1-1111-1110, HI 510,

AN RSHSHIE AR N T B R o

LT SN TN T T
REL SRS RESTRNE TR IR Y RE R NS

fEXANER, BRAIT, B 8 A XEIFRBRRARE, BAWHIEITR “B
N IS 8 [ Tt . fEXERMA RS, TR (0) Blsor o0, & OOF) &or
1, X5IREERE ERF R R, EHRURE RS R —HTHR, oo xelr
HHARERER, AR 0, RIITIERR 1. XEA INMTHE, BN
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~~~~~ %E—%EE}T%&HE#’&TEE@E%

8 f AR INEE R TR R — A 9 A EHIE.

DNiERS RO HAL 304y RUA B M R EERNZHE ], ook g BE gk s
3 EAERIIATIE . B, GURIRATE 0110-0101 £ 1011-0110 ( Z BTHIFHRIBAN )
AEHR, MEEARNAH BT N R E.

g 809 gl gl
+_@8_@&&@‘@@

PN \_h \&3\’\/ ey ’/ ,w;-\j \/» {7 r’/
L f;um m:fm ixﬂm :&mmﬂm}
PN s Ty [

ITEFCRREE RS 1-0001-1011 (A1, XRRZ—ANFENER, EAHRITER
FRINLARE IR

7 F—EHREE, ABhEI BT SRR, XA 8 A atHl kR Ar
FEIRERERARADT 144 A, ErREAVHRAINN 8 X "atfilfz, fEXEFE 18 4k
o MAKLMBBEBERHER, F—E AN, KA AREEURMT ERERN
144 NEKRZRAT ORI . ARG, AR R IR M BOALEX AN AL, HE
A (A 1 DR E— N ) SRRIONR, SFREEE RS T
BRI ANER —LEARCME T .

+iE L 0 1
0 0 0
1 0 1

PRATRERIRE T, XA E—Erh SR 4R E .

AND ([ © 1
0 0 0
1 0 1

Eit, FFESTA AR AR BOnERIE AL
By, BATERBUS T —&ftR, TEEITEMIIBUEN FIZkHR ARSI T &,
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t

+hniE 0 1
0 0 1
1 1 0

XRAAEPA A FIBOINER RO B — N8 A RIROTE DU A Bt Az AR
B, (HEENBPRE I E.
BRBANENE, SITMBRITRERNEERBARC, BRTATANER.

OR 0 1
0 0 1
1 1

SAETTEREREA TRE R SERBAREL, BT A LAgR,

NAND 0 1
0 1 1
1 1 0

TEHEME S IASIETERRMERSA L, TEFR.
BAA

S e

TRASTHRIIMSENNEH, HEESRIMEENSERAT T,

WAA MIAB CANE: T 53 HERER
0 0 0 1 0
0 1 1 1 1
1 0 1 1 1
1 1 1 0 0

TR, BAEERNE 1, B2 EESTIASIETRSHEN 1 A SHM, X
PN i T LUl — N S TR
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XRREA TSR

EE, EENEERDAEHMIANN—MH. BRNRR RIS AEN
HA . BTSRRI G BITE - STTEA, Safd TRITEENER,

BAA HWAB AL b S 5%
0 0 0 1 0
0 1 1 1 1
1 0 1 1 1
1 1 1 0 0

I XA HEANETTEK, MR, W5H XOR, ZHTUMRARERITR
HopERHEMEEERN 1, BE20UERMAN AR, BE2LGHRMA B 1, BRAmRER 1
W 0, T AT SAETTIS AP E LK, FATTAER— BRI TREMATR
RBFFE RS S RITRRE 1o

FENERASGLEE S T —&KMhR, BRbZSEE L EMRTHEERE. 710
FFAESH N RETR.

XOR | 0 1
0 0
1 1 0

FENBRABRFENBRRE—NEFET (5 6 M IANSAERSTIEFNRE. ©
rgmIE ], BARE LR M ARRERISHE, HH oy 1, Bk 1R H ek R
SRR, HERRITNAFSMRRTER, Bambng 7N .

FATE TR B AT TN A KR T BRI A — A ik
F—Athifi.

b 140



12 —EWIMEE T

+mE | o 1 S|+ | o 1
0 0 1 0 0 0
1 1 0 1 0 i

ATDAFIA T ELX AN 2R IR SCHLIX e 5

XOR 0 1 AND
0 0 1 0 0 0
1 1 0 1 0 1

P T BRI S R R R TR A R, TR B ST TR B TN,
BEHEATTLR S5 TAMR R EE X ITERAN #EE (B AFB) 1,
BAA

i
Y PR
Epr

BTG ESE SR, RATARAA T X MR #orn T R

BAA—A S — ERH

EmE
BAD | COl—#HtuuBsE

ARSI AALIMNES (Half Adder ). Z AN Nzs AR, EREA —SHHIE0E
b, BN IEA AN, ERARSH HEBEL T | . EmBRE
BB < B —RINE T R A BN T — Rz B, flan, BkIk i1
TEAZIEHIBAE,
1111

+ 1111

11110
BAVBER L MB AT BATE MM 101 %T 0, #6721, HTAEHEEHE
=3, BTFHMARAEE, K ERER A TR, mMEE-FIinEE R
X FRIEME 5 3l EAE nER R B A 3k
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W TREATHEBCHATINEZE, BATHRZR B L IE8F— s M T &%

minsd

MO A s
*mE
WMAA—]A S B Cco ﬁ :
EmE pi2ivE h
BAB—n coO

TR ER LAERE, BEMNREDE—FMSFOMA A FBA B fHih, HfHeg—
AR SARRI AL o XADNFBISHT—FIRE AR, A EEEimAZE
AR, ETAYMSHM B RENER. BAF NSRS B RA 3
—AEI T RITRERNE, XEEFE DMK, XURETITH. BREMRE

THRTHANREZ G, e

B, BRI RA2RNCS 1. 5

MMEXEEL RS, BRI THERAZN 1 BRHRLASN, BEfBol T4RFR ]

ZERAHR

T RBER ME IR, RO TERXORER LEPRN—R/FS, BF

A4 hng% (Full Adder ),

HATRA —C
BAA—]A
BAB—n

— MR
— AT

AT FARESS T g8 TRt AR & AR 4R

BWAA BWAB HGHA | IRE | AR
0 0 0 0 0
0 1 0 1 0
1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1

AEREHHEERET, RAMIINESRFE 144 P 9mBE. THRKREE—TXME
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|

RAEER. 8051, SUTMSIENHFER/ kB, Hit—MRENPHaEs 6
ANk, —MEMSEH - NRETM-NETTAR, - M ENSmEE 8 4
HRET. FNRINERAFAAFIEA—AETAR, BT EE 18 MM, HITFE 8
AEINEFRACE 8 iz " BFIINIERS . HTSIFEE 144 DEkRIAR,

HREER TR BIRY AT AN A A AR AR . IRAEFATTRT LA 2R3 T O AN
ITHERBI 2R T .

a@@@@@@@@f
e@@@@@@@@

”;m w{nm.z(nmm‘(. i (?mm (@& \mm (%m) ?&;\

%. :
TR LA

B ok A i RN T s IR — TR R — N2 ek k.

if_{’ S]
v = =
L—/’“- A 2ms
v CO f————————— B
La/o— B

HIERA T ERIBAEI, 5B 1 SUREER S RS RS EF AR EouEHErLSI e
BIER BRI NERGES, T 1 514, BRSNS SR, XFRR
51 SR AN — 00 58 1 5 “#HHBARMER TR A — DAk, XDt
Azt R T —FU RN

TR TABIMATHE, AR T ERER L NS,
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HOTWA

A\
L
v

I
B MESHB B AR S A NS N . BRI 2 L R
K kR, & -FldHmHEnE T s
B, B8 MTHARE X ¥ RS mES L,

A

FELIBA e oo o '

COpP————— B

4
—
%

vV =
NG 7 11 -]

v q
e e p

XH, RE—RAUSHEOEREIE 9 MIHR L.

i, BAOEKRIERT .
EATUAHS MG AREX 8 MEMSmEE, S masmtambEeEn T—

ANEMEFABAI N

Wlom Wl m oy e Ty 1 ] 2EsA
[ £ C f\k ! g L ") LL '
ABCI ABCE ABU ABRCE ! A B A RCI A B ABCT
FA FA FA EA || FaA FA L] Fa FA
COS CO s Ca s CO S { CO S CO S i CO S COs
J \ H - T
e | |~ [ 77 |
L . J
b 30E o 8440

THEHEER RN 8 Az TR RIIERS, MAFRCH Ao~ A, Fl By~ B;, Hithbr
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LU

XEER B RSN TH R THIE L. Ao BoFl So BN, s Esy
BH—1Le Ary By S, BIEARN, BHWRRABN (. Flin, THEER Xk
— BRI F R e AR R R —A~ Z 3 $1% 0110-1001 9,

A, AL AL AL A A A A

01 101 0 0 1

THR 0 TH4R, HHMEBESERNT RS, EACI 2 3 CF) At

B o
5 o

¢ 20 2
10 1 0 0 1

27
0 1
WMRTTE —HREAN HECMEXNNY 2 WFHEREREAEN, RSB R
0110-1001 fO+tHI%FR R 64 + 32+ 8+ 1, Bl 105,
B 8 i —m Ik ES T T E R,

BAL BAD e

AD A, B- B,

CO 8fIMER
( ) \-‘

ik U

WERFTRAE T 8 MG, KE—H 8 MININE S, BATMAREN A Ao B;...B.
S;...80, FFBETR—A 8 2 A HIH

—HARBERE T 8 fu —ubnikds, VRERA DARHE SN ImkRs . 1R
KRBT LARE By et —A> 16 235,
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HRE—REATTENKEGERNES
[ _mEmITTVARITER
|

BAA ®AB BAA B®AB
(H/8hI)  (F8HD) (fE8f7)  (fE8HI)
1 i1
M is isl @
4 ¥, Y
Ays Ay Bys By SHAIEE | A Ao B- By [HAIRA
CO sirE®R CO simzE®R
{— ) HHTBA i
S15.5¢ S-Sy
0 !
gk T =
L -~ J
16{i7#0

AL BOE T [ ARSI b b hiESmALE T
P INERTS 8 7, TS BIROEE R S INFIRE 8 £,

fRATRESA]: X EMEUE HEAH TN ESHN TR AT R4 7
AR R, 2. HHFATEE,

B, ATUABIE— ML XA EREROMER. WRIRE— FXAEEE N TIE
), EREBAN— WA — A, BES SR T RO —NEFH
miEER, HREN— TRV ESSH P RFRnEeR, R,
HEAS I BV F T AL BORA 2 IR S5 A RO AL, X BRI TG AL ( ripple carry,
gkt ). BEHRAINGSHE A TRy BB IHRESRIRSE R,

HK, bhERETN, tEVELBEH%EET! RECEEREAL. %
BEFHFAUE 20 L 30 FRPIBETH, UNPTHEARELE4kES, FRBERD
H=E. SROTEVERANRSEES . ERMEEIRN, REENTHELIR 54
RLAREEAME, ERIEENTEE MRBN, ST RSt FEEHER, ARE
N, TIEMRAESS. AR, MEERE. #FE 1 8 UMZERMRATEE 144 MN&
wE (R A BRI TG A, B MBI ESNREE), BRERBBARKN
o
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T ] 2 B 12

Y VRFA S A AR B — R A DUSEI A RBUNERR R, fRATRR R B4
IMTSEIURENE? " AERSENN AL FFRBE XN, FHR HXARREI AR
BRI REE, T SEhr baX REAVRRAR M B 25 . IR TE e T TEAHE b
7, EAENE G XA EENRARN . INER AL I 51 5 TR & /503
FTHER B—FIREAME T —5h, FERER RN, TRAE i ik
A BIRIRREH LA o

Bign, FAPRE—MIBMECIEERIEE .

253

- 176
?7?

EfRPOXAN R, BN AIIETF. BIER, 6 BT 3M, EM S K&,
BH13EE6, BRERANT. MTRINEEE S HET 1, Eit, BEShHER—A2
4, T4 BT 780, EgksN 2 FE 1, 1474807, MmTE2 HET 1, 5
bR bixX—0o2 1, WhEE 1, &3R50, BEitt, &EREERNA77:



TR REE RLKE R EAES

253
- 176
77

I A R —E R RIS AN SOZ R ?

SR, BAGFATHEZEM . AR, BAHTER NI EE AR K&
MRS (BARRBABAREMEAN) W, RO AtL -, kb, M@
Tk S B LA T RS RE A , FA TREE hRREEN,

ATETFRE, BHATRIERBN B BUASEE (minuend ) AL (subtrahend )
oo MBI AL, BRI RMEZE (difference ).

R
- B
2=
AT EGAER, BHREM 999 MBEEEL, MARMERIBREH R AR
999
- 176
823

AT RERE =, FrRLXBEEFH 999, AR IERGR 4 62, W 9999, M—H 9
HRE— U 9 sKEME 176 X 9 FIFNSUE 823, iR ZJRSK : 823 X 9 HIFMELE 176,
XS RUE T REBE S D, THEXT 9 R NERA T EALE L.

TR HRECT 9 PR UE , BN R OB EARAN

1 R EJERTE S T Z R (e ) rhi— I iosis KR, MAes—RE=
BIER B R SMURL R T — KBS WIS, B8 “AERASER, A%
B A FIRAERER, AR ERER IR, MR r %, £EA
BE TR, MERRE TR 7 Bk, KESFFREEAERTEN (LY.
BARMD) —BH A T BN —AE, RN TEFTER— MRS, &5
FEEDTFTIH S HATER RO RAT R, RS ARG . BAMEES DI AR
M “BageuA” o i, XEM RRREHT iR RBEARBASE. A
BERABIARMAN, —#EHE
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Ot
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TS
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~f
oy

RIEEBERM 1, FEZE 1000,
1076

+ 1
~ 1000
77

B, BABEET SR ERESEMNAER, nBEHEMEA,
N X R TAREYE? SRR A R IXAF -
253 -176

ARSI E—MERZENEL, SREAHFR. Biksein b 1000, BREE
1000:

253 — 176 + 1000 — 1000
AT 5T RE
253 — 176 +999 + 1 — 1000
RIEHU T ERAS
253 + (999 — 176) + 1 - 1000

EART- SN RS RH] 9 RN TIOTHEL R AR . FATHBA WA
LR R, XA Rl R T B L
INRBEORT BB 287 FIanPl T IR .
176
— 253
777
A BLX AR AR EE S X BBOCT RO, P BRI
BRPITIIE, RSB RIMAREL” AR RETEI T B X A i, TS HX A
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—T RE—REATENREGETENES

176
— 253
77

R A B REIX AN BT A FECE, MERASZiTRMARN S . 8%
ERRIE—FE, F 999 M- 253, tHEHXT 9 FaMK:
999

- 253
746

TEZE 9 AOFN S BIREARM

176
+ 746
922

FERTEROBIT R, T2 R0ZN 1, FHEZE 1000 REFREXLER ., BEAXE, X
MTEIFAER. HAR2EE 923 B 1000 &S, X XS THE.

ATENIZHELNT 999, XEBHHZE 999:

922
- 999
?7?

FXH, MN2BHBXANMRMOSREAY, BETFERRESHEREc, 1
999 Jk 922, XBERAHBUE N, SERSEANVAENAER:
922

- 999
-77

FERRIBIT P LA T b iifioh, moHSChr EiX Bt H B R, iRk
BRZIMTHRIE,

R E 2 -
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i

253
- 176
Ears

RX B F A TS, RN

11111199
— 10110000

B, F 1 (BP2ss) R

111111114
— 10110000
01001111
LB AR, AR 9 RN, SRR 9 M. T
BHERURET, BERMA—E 1 hEER, RN 1 R BREER, BTk
3 1 BN HATERBIRE:. 70K 1 oM, RFEBER — 3 EEhr 1 &
70, ¥ 0738 1 BIF] ST 1 KM th 23 AR 2 ( negation ) BX B4 ( inverse )o
XHERATREAEAR S 11 FBhRIAR, ERERBIEE 0T R 1, K1 o,
WA, BB 1 RN S BRI

11111101
+ 01001111
101001100

B, K EAPREERM 1

101001100
¥ 1
101001101

HIUE, w2 100000000 (Bl 256 ):

101001101
- 100000000
1001101

HERBE TR 77,
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””””””””” [ AR RESHENAEERRNER

A BN REEA B G B TSI, B E N T
176
- 253
777

i sl Eor o :

10110000
- 111111
222777277

F—. i mEEE, BEF 1ML

11111111
- 11111101
GOG0000

BT, KBEEOT 1 NS B EAR N

10110000
+ 00000010
10110010
MARTIEMEMT B4 s 11111111, YEEUN TR EmonRE, 301545
R0 1 B 100000000 K5EAGHHE . HRIRICEEAAMECHIER THELX—5S. BTUA,
B 111111 BERBER.

11111111
- 10110010
01001101

EEN—KBR TE SR CKREBERNAE, BREXANMERE 77, MEEHE
FEMNZE-T7,

FixH, BNCEH T RBRSMERSUE F—EFrEnkss, Fibegsaim
RIS . A T AR E S, XETHIIN RS A SA T RN T3
HERIEIRTE, BIESRODIEERRIE,

IR LR FZ AR TR 8 A4 ngs.
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YRATREIEICTR, BN Ag~ A; K By~ B, SHEST BRSPS EARIN 8 7 st
H A FANER . So~S; 5RREIRI 8 MTHARE. 1hTX M rlEeE 2
9 frEUE, ORI,

TR E I TR,

b9 & 4 ¢ & & 4
+0 ¢ v Wi i

L

; i
/*,“\/7(,-4\&

1 FEY, AT ERTIE 183 (HY 10110111) 5 22 (B 00010110 ) #H0, 45534
YKTHURR <20 205 (HI 11001101 ),

8 /M ASAT B T ARE M AT T Yook, et 17 - MFoe, AL R
N BB

163 £



[ AR REST AR RSES

 WEEFTR, A PRI ORI INGER, K2 B N R R e
HEIEH . AN, G 8 MTIA TR RES R X8, 89 MR “ LE/ FE"
XAMTHRARA T IEEIHENEERE— 1AM 8 MIRF T, RemEDE
BT KT 255 ( Lk, overflow ) SfEMAHSEI T A% (M, underflow ) iXAMATHIEE
RN UEBARTHEREOR R, S8R M.

INEEFRRHTE RIS B — D ARK 8 Az — 2B 1 s MR, ZATTEE,
TREBIEOY 1 RIS TRHEEARUR, BT 8 AL R BGMAR T DL

e

R, ZRBERSNRAKRK, MR —ERARMINE AR MBIEIIYLEE,
PCRREE R Z L BE 4 B OUY B TRIE B EN A4 SRR . BB T DA 940 R BT R

Y,

el ‘IR ESEERARE—IRERTR. ME-TRENTNITESR,
MTFERFR.

XOR 0 1
0 0
1 1 0

Ak, R “BUR” 552 0, Il 8 Ml SmAMER, flin, wRESAE
01100001, ABZHH >4 01100001, FFE “BUE” 581, MHBESERE. #w, W
BEY R 01100001, HyitHM) 10011110,
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¥ 8 MREEHERBES 254, HHK5hEF (One’s Complement ), 1 FAR,
[ R T N S N N
1% in I §

. Ing Ing Img ny by I,

1 I

Qur- Outy Oute OQuty, Out: Oury CGur, Ourg

IR
RN, A 8 BRI N i T

A% A BifiA
S— Sea—
SEREREE'
I3
E& AR
' TEREEEN
A-..Aq B-..By
co I 09)1)7 C‘
$7..5¢
GuB)
et
Ny
Yy ¥ VY V¥V ¥ V Vv v
i T \ - J
EuL TR

FE, XE=MESERRN “SUBY, XERRIVBIEREITE, HZES0 0 foat
fi&, R#TRINEZE, N 1 RIHTIONRREGER . EREFR, BIAB (B HFX)
ARANMERGZ AT, FREdRAIERIFTRR . o, TR, BATETRE Cl
GHAZEIN ) D9 1 REEREER 1o TAEIEH, RAEBEAEEM, HMACl o,

InZESE) SUB {5 5F1 CO (HEfsd) ﬁ‘ﬁtﬂfﬁﬂaﬁﬁil‘?ﬁ@%)\%ﬁﬁﬁﬂiﬁimﬁﬁ
HIATIE. ZnSR SUB F50 0 (FRETINEEE ), MYnERS comB 1INk, &
BREMmEREERAKKT 255,

B TR RN R, AR (A B) ANTHEE (A A), XL
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SR REE RS

CO #ithh 1. XERBIEIEE SR 100000000, R BHIER THREE,
RN, FEFRE AR ARER R Bk, FRY R FeRT{NAEIESR I CO
BYHAMON SRR,

RRL e K BT XA ik an T Siiie?

ARE BRI, HRIRARBIAEE S B aomm. fRaTae M
RS AR R AR R BT S . BN, —77 £ TR J9-1001101 IXFE
SARRTIA, RN A ARSI A RB A SAE T AR B 0 F1 1 SRECRETIARE, 3
AR T

IR, ARATDATR T A TR AOR R R IS, Mix A | R R RN 8K,
0 MFoRIEE, REXFRATN, (Himn g, T8 5k DR 8 &
AR, T H e T AR D RN E BN XM R SR LR AT — R AT fig
LRI SE E il ive s §

EBADRAE R EHE ARARIEBRIA Tk, B absias TR R RATH IE
Bl 8 A 0 BRARXANFRBGEMRFIIH S XAFAIHIERIEE - A
SEA, TS EUHE I S — A5 A

--~—=1000000, -999999----3, -2, -1, 0, 1, 2, 3---999999, 1000000---

B, MRBEAHAFEITIRASAIR/NOE, T BAE 1R AORNRFA T3 T AU
A R rOvERl, B SRR BT AR T .

PASCEIR PO, iXEAMTEHE BRI BBk REiAEE 500 %&t,
FHHERITE THA] 500 ST EFEBE, EERMEMRSREMEN IZRE—ME 499
FRITE]-500 T2 AIME. RIREATAS —KEU 500 3650, EAMASZTHET 500
FTER, XEBRITHZINARET, TNERFES.

IXEBEE R IAMK P AEAMR B B A T~500 F] 499 2 [A], Hit 1000 M, XA
WHRA=AH#HEE, ARSI AR T ERFENRT . BITPEAFERATIMN
500 %] 999 Z [AIFIEST, EATRA TR EREIERIKAE N 499, B 500 F| 999 f) =1
BT AR, BB oan Tt .
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i 500 F=—500
JH 501 37~-499
502 FR-498
F 998 F£ox-2
999 For—1
H 00030
001 Fox 1
002 £k 2
FH 497 oR 497
JT1 498 For 498
FH 499 %R 499

WAL, LS, 6, 7, 839 TFAS RIS AR R I, TIARIERCE
R
—500, —499, 498 --- 4, -3, -2, -1, 0, 1, 2, 3, 4 --- 497, 498, 499
PRI BRI, BATTAB A 15
500, 501, 502 --- 996, 997, 998, 999, 000, 001, 002, 003, 004 ---497, 498, 499

R, XEER T MERHEF. B/ (500) FRFGRRZRIEL (499)
HOXESE, T 999 (SEhr ER-1) Bb 0 /M1 S8 R WE 999 L1,
WHEFE] 1000, BT RAMEERRRZAE, XAERER LR 000,

ARSI 10 %MK (ten’s complement ), 9 TR = A3t bR 10 B0,
FATH 999 BETEM 1. WEtRd, X 10 RiIMERER 9 B 1, FlinieEs
B-255 X 10 gUFhg%, FH 999 ik 255 58] 744, KIEHEM 1, B3 745,

PRATREIT T “B— A EoE T IN— M8 RTRe2mE . “IhREERBET
XA SR, R 10 KRN, EATASEMAZIRGE. FransBERmER#T.
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WTT%E——QEEﬁIMKEﬁQE%EE

BAARE —NREN 143 TR . R T —5K 78 XTI, thptE%wE
B —/MEN AR 78 FETNE 143 £t L. —78 XF 10 BIFNECH 999-078+1, Bl 922, A
B 143 F55T+922 3550, HYT 65 Fyv (2RI ). MBERI DT 7T—3% 150
ETHXE, FELERTLEM E-150, —150 X 10 KAMCH 850, HItSCRTHIAFUN L 850
T 915, HEFHIKP RS X RBEER -85 KT,

XEEHINUHIZE S BIPBRo 2 B0%MR. LA 8 iz 2SO, YEREY 00000000 ~

11111, S +#Hde 0~255, BREMNFFREBRR RAEIE, WA 1 FLNE) 8
NEER RN AR, W FRFTR.

ZiHEE + I
10000000 —128
10000001 -127
10000010 -126
10000011 —125
11111101 -3
11111110 -2
11111111 -1
00000000 0
00000001

10000010 2
01111100 124
01111101 125
01111110 126
01111111 127

AR R R ETE R -128 ~ +127, A XA (B2ehr ) YE RS AL (sign bit ),
AP, 1 JRAL, 0 FTREL.

HT U 2 RN, B SRETE 1 AN, RETE 1o XEM TSR E N
1. Blan, sk 125 50360 01111101, J9 7 RR-125 B 2 R9hER, B4k
01111101 FUEAMEUR, 8%] 10000010, FEiN 1, 5% 10000011, FTLURIERTHEIFREZ
T— &R, BRFRSER, SUBUREML, ATRUSEER R

h 158



13 ISR T

EARENEAHRE T —MARASHEERTIE . S8INTT k. R it
B ERRN ORI AN, B0, K5-127 K0 124 SHREOFA ZiEEGEE. FIH
FHERRRS, AR ME DY
10000001

+ 01111100
11111101

ZRET T3,

ERENE, XBEEAT BRI TNEEN, BERAT 127 8/h 128, fim, #
125 5w 8 S48n:
01111101
+ 01111101
11111010
mT&EEAN 1, SRR, MY T HRHRE-6, ¥-125 SEARGMHM
e HIL RS O -
10000011

+ 10000011
100000110

FE—IT9R, FATREATAEHNBIED 8 £, EbEANKZM, il 8 ST+
BEHIF+6, ‘

— BRI, WMRMANMRERNFSAHR, ERUTS SRERNASAHER, X
LES QYIRS T wa s (i I

BAE, “HHEIBETUEBAARRRIME AT . AR ERSH, g
TS RSN 8 A StHBET R RITEER 0~255. BRFSM 8 fu Z#tHIFRTm
JEER-128 ~ 127, EREAFSHERLHEN, RFERSGETEE RN, flan, R
AN “H-A 8 L %, 10110110, EAS T HIHHENE D7 7 RN
Kl “ERAFSEARTRSE? CREN-74 84 182.7

XRLR T HEIBIRREZ AL, B 0M 1, AFFRHEME
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BT DAL EGE S, X AEEA NS, DR TENME R AR
R SRR THLEINL, Lok, . NIy, VAN CD MRS rsEn]
DAY S8R R ORED, IR IRk s . AU BRI A E BRI
T RIFE IR o 47— 258085 ul VR BB 007 M R Pl AR s 0 A i B ) s 70 B th i R
7R, SR T X RS B SR B BRI RE DO BRI L T35 42 20 BUK, B IEAER
EHM K. ARER, &S NG 2SR - B FIeS 1.

Kkt . B, PR MY kR
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14 7 &,%5 fh 53 B

MRINI N RAERLKA sE B, WIWRERARELER )1, S ARTEA]
B R AER TS gk as, BODEN @A W gk s, K ARH &5
T, WX B T — A, B XHE)E, BEREE T .

B AR

e o TRR (.

PRI A RS 1S R R B R B R TRk

—

» ———

YERFEAOMERMR, AERARER, LRERANTEAE, SEEN G
JRA
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T SR REEH RSB
}

RERFE

mt—%k, BN —RER . NBMIEXRE: TXx—HAE, EBEAM= L
TR — R b S ERSRETT— A S R afE R MR EBER RN T —M
BN, B T — .

XERGBA T — PSS, MREREmE—NET, FuH

BPRT AT A4k L 3 f O — B82S, AL H M ERER, £
BEEPAE T AP EHRERSH— MRS,
V'

=

.

ﬁﬁf\o

S/
BELXBERIVREF AR T 58 11 EA P rIbma:, BT L T E

oy

TFAURBFRBROEREE, YR MZBSMEAR 0 BONE, TREHEER 1; MYEBAS
TR

1Y, HHELN 0. BESHRC—HFG, RISk TEEE ST XM
REZ BB REATLCR BT RE &, XRERR T DAGE R 3 83 T 1E,

(e
XBEELEEREE A ERZE, RAsSiEmb 5ESARHERY, BREX
B, HiHRN RSN R0, BAERELE, ROSEEAFLE B8, fi

SRS ABE B—MRERFE - A ANER. FrEL, B NFIsH 240
FE0, BB RRKE, SOMMAHERIRS (MR, SHEIHSRRSTRN,
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" ’iﬁ—'?’;‘%???if

R & o

RERRIEET 2087 HIRE 220, BEAMRMEE, ARE AT,
HAML AT A TR EE—MHERE LR 0, E2R 1.

BANEXFEREIRGIRGER (oscillator ), BFIEA R E R ARUAFAEART L
HIX B, b AERATHERATA R, TRSOBTEIREANNTH, E52EHE
I RREREIN . HRIRGHAEAFTEATHOELT, TURLEEMT
Eo

R, BME— MRS AL AR, BRERENERAE TROJLER, &

RI, AERMMHEBERRRARNESER RS, REGSHFEXTLRERIEM.
N TEARAARRD TE, FrAtEySREE XRS5,

KM 0 F1 1 REFSIRF R IRG SRR R, B —REM T EXERNERE
iR

BATAT AR XRER T 3 TR L ER ORI, AP ARBRARRIN TR, 3B B ARARFIR
FoHIHE 038R 1.

I
0 =
Na

XIRERRBEEN RIHERS, RS ASHEIHTE 0 A0 1 Z M MER AR H Tk
ERMIX &, RS XEHEERNEE (clock ), B IRB#HATIHHRE Mt TR

FRGeRETRERTALRE? RAUER, ERES ZAXRD—K? SETHH
fRBh%Z DRIE? XRKARE HKH T RN G, REBER, —DICRNERN
R A RRZS . 1 TS T— DN RRgk A HI T A s Bk Bl

G e NIRRT 4R, 2 — B [A] 3 [a] 2 S T g 4 R ASH0IX — BRIRIBR E X
RGN — MBS (cycle), BERI—NFAB, 1 FEFR.
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T AR REEHERRETRNES

— T Er

—METFT S RO AU 2k B 7500 F (period ) RIKFAEE AIRIHR S A5 S
WG ETR 0.05s, EH—PIRE, FHREEHRESS, BIHEEARENT S, BA]
PATEZRKSF b AR EHAR R R )

)

!

a 4 . - 4 =_ (S)
0023 005 D078 010 VS O S s

1

PR BB IR % 2R IR (frequency )o £E XM T RS 259 A 0.05s, B
2R 1+ 0.05s, BENIRIS e Rbehr=A: 20 (R IESF, MR MHHED STk 20
o

BT RSE/NTFEAOEER, B EARRNER. SHemnERE
BEEM SRR REGIREN, BXMEART EEAER. 788X MBR oL
BIEHE— A—=RIA - 8K - #2Z (1857-1894), I AR “#2%” XAk E
RIX R, XPAERET 20 th42 20 ERMEE, LHFEZERESHAERATT
2 R4,

X, FRIRSSSHERRUE 20 $7%2%, 1068 20 Hz,

HErhilk, BATEARER N —MRZFSNEE, EAZEEBRA TS E—MTLL
eSS EERITE,

Ttz T, IV REE R ASEH S RGERN—X e ], BRIE TSR RE
TERN NIRRT R, Srss r= A mtE,

NOR 0 1
0 1
1 0

b 164



4 REBSHEST

i
i

NHENEERANEAET ] BTSSR — NI R

EREER XA PRI S RIS R 2B sAE TR B A SR TN,
A BB AR TR R A AR T IR . X PR T BN R 2 At ( feedback ),
A R A N XM RBEA TR e i B LA L. B TR A
B, AKFRE AR A XML

RIS T, B A2 dE AR, X RENEBENMEASN 0, ik
BAAG BB, ZDEdR R 215 0, AaskdE kit ER 1, X
B ATHRR R R o

AR, XN BARXH BRI, ITHRIKANINE . XREA TRk
FEITHERRANPAE -0 1, Btk o, BEfZRsdk MR, FLUTHRIMR

REo

165 4



r HRE—REATENREGEENES

MEERARRE AT ED? PN REH—ME RS — R —H—
—EX BT R XS WS AT B T A F . SeRhBRIRE
B AU T AN, SRS EURRAMERE. it LR XEL
WEHRE, TRERRE. XMTRBELEnH, ARERNTUAIXERTA
B TR —E N 0,

BRI & TR . BITSEKAA LTI TRMARE - ZER 1, B
RTHBIAERIEAE N 0, ATHEREZAE K. ZohsidR TR 2D 1,

X YR EBTT A SR AL, e — B R RTS.

et

LR L BCR S SR R — . (HR XK TSI E ABCE T EITFRIRE, 4T
BLABAZRNM. B IRCATAIRN—EESE—

* Bl R, AR, BOTHIT IR E
o Hal PEMSC, MESMEX, BRI TR IRAR.

FERIIET R Z AL : RERAER T SEEIRE T, TEENRE, ARAA
Ro MPNTTREHITR, BREARMIES, XEBEBRAFHRNMAELE (Flip-Flop),
Flip-Flop iXAMHAt AT LR “WiE” sk 2 “BUakmg” R, R[ET 1918 F
R, KIAHZRETLAHERKERES - FH - e EHT (1875-1966) F1F.W.
ot (EEAH )
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4 REBSHMEE T
|

R R R AT ARFHE R, B g FREE. A, NTARSCHATH
R ER, B LLERE KRBT A MRRBRLXH ML, W
RERUTIR AN, Rt AN SR —OEB R FHOT; TmRATEAR
O AT R0 H e i — UGB A2 T IO F 5o

@ﬁ%ﬂ%ﬁﬁﬁ%ﬁﬁ%ﬁﬁﬁo%Eﬁﬂﬁﬁﬁ%iﬁﬁ,EK%&%@%E
TRGER PRI, I ERREAR, BAVRE BN S — K BUE TR,

REFRIATTRREREZ B X— A, BLHEN0RRE —MAATONTR. ©
fIRTLAEREE IR ZATRET H258%. BT, WRERE 1ielch, &
EREG BAVMSENNIEGE TR, SARBRITEAE F— M R4 R, —Pa8
TR (AERHERE) DEFEMRER.

R SRR E L, Sl bR R R B A)—7h R-S (Reset-Set, SA/EN ) L 75,
BATEFEEA N TEF SRS — MR, N EARRTTRIRE 7 M EXEE,

R
Q

S “'“('Tz

HABE R Q RF AT AST IR IHIORS. B—MIHQ (i QR) &4
QMEUR. Q£ 0, QBE 1, NZIFR. BN S (Set) ANRBENL, R (Reset) FkE
1o YRATEAIE “Bhz” BERAIN Q WH 1, i “E4” £ QRH 0. HIRAS K 1 I
(R TF5eRl ik 25 rh EEIT X AAROBEL), BN Q 2 1 TTQ X 0; X R KA.
1 (R TR E A P ETF SR, W QTR oM QN 1. M SFIRY
790 B, AR Q FRAURASTRE., Hi B R FEFR.

BA L]
S R Q Q
i 0 1 0
0 1 0 1
0 Q Q Q
1 1 Bt
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o GE—REE T B SRR A

IXEFRAITIAER (function table ). ZH K (logic table ) BRE{EZ (truth table ). B
FIE T AR ANAEF ARSI HEER, Ko R-S LS Mg, TS
FIFMANA G 4 F, 2RI TRPH 41T,

FEREFERE 24T, X—{THA S MR N0, TEHFRAN QMQ .. XExRY
S AR HIAIN O, Q I Q SfAHRFE A S, R FR#EN 0 DARTHR L. KRR
JE—1T#R S A1 R 399 1 R NG AR S B AN . REIRM R
A, TERAR S, RAREFAN N 1, QHQBHANE, X5 Q QBRI
FHITE. FroA 4 R-S MRS AT RN, R, SHARN A | R —E 8
B

R-S ik 7y P AT i AT M AN FN PR SR/ MER AR T T B XA

—R QO
s o

R-S il AR R RS SE T, B POCEB M N m R ZORES N 1. (HEAR%
AT B~ A RE T EUNBE AT HLRE , BIARAE WA AR E I A B - ME S 2 0

E%IO

FEAIE B XM IR LB < AT, IR R EE- - P EEEIT . XN HRERST
FEEANN . HR— AR Z 8RS (Data). IFTARTRES A, BiRHEUE S
08k 15 S—MRNBEFRAEEER ( Hold That Bit ), CREFAZIVE FBEE 6 4 5 R A1 “i2
1", EEE MRFEFBORE 0, fEXAFE MR R AT AR A ORL
R, BERROER AL R GRS IO MBI 0, X ILEE S
T T RRRRI IR — KB, TR SRR A T G AT AR 2 X L A

SN

HATTAER AL A R AR T
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14 RSRSMRE

BA B4
BE 225104 Q
0 1 0
i 1 |
0 1) Q
1 0 Q

FERTAIREDLT, (RIFA 1, il Q SEIEmM AR FFHMMEN T, R
70, Hithsn Q AHEAT— NIRRT —BL EHEENE, R0 0 EREMH AR
B, R AEREdRmRATEN, OISR B ERE A TR,

BA Bt
BiE REHiI Q
¢ 1 (3
1 1 !
X 0 Q

X For “HEABRSERI, NERFEAINES 0, AP28ER A% Bk ok
BRI R H A AT — MR ZSAER]
WARFEASRFEE R-S AR SR SILX MR RIFMIIRER R, BLATAER

BB RPN 511, TR T RS S,
=117}

REL

B

FHZ— T 517, S AR A ERNSEN | BORS T, $th A 1, 76 L X immE
B Q 80, QN 1,

HERFN 0, MBS TRHE RSB AR,
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=117

XA BRSNS Comia AR, 1T E S R A E AR AR,
BT AHRER R LRI BDRE A EIY R-S il 28 B —HF o

BEREMEBFEZ— /. BITRBERMN, A=A, BAMBYXA AR
We7 SemfZ—T R-S fillZ#RMIhEER: P MRNmER Y 1 B4Rk, BEREES; M
PN AREIR b 0 BRICENH, HABMEN M RIEAE., BIIABHRE
frREN 0, BT LASKHARRIIEE.

AL AT SE ], BIEARXIMATLARZ S H0, RA1HKZEZR KO0, SH 1K
Y, mFEdEmESERENFS, LR ENEEMEMRES, TITAHE
HARR B LB B T oo
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14 RiFEMERR

T PRI, FrERAS 0, M Q il 0 (N Q%X 1), AE
R 0, FLBRE HHRR AL AR S N IO

BRI

nE WLDW _D——a

PIAE Q BHHOM RSB MR —BU0, T QISR » BIFEMRFAI X EE 0,
N ERTR.
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T AT RECHNAKRIRROES

!

X, BRSOl ARG -KE | RERRRAE, BRI
HRAZWR. B, BAEmEER o MR A& AR,

XA AL A D BUUL 25, D (Data) FonUBImMN . Frigi Tk 2
TR BMANERERT (ABIhDy “17) B, LS4 RESIRIaANE (R
R, BAMWEE RS ML ).

EHFEL N, LXAHEHIEBHRR, SRR SEARD RGN, 1
ARFRC AP (clock )o YR, XAMESHAREIEMN Y, ERAELMEITEHR
AU SR, BT 0 M 1 2 A AR ., (BRIAER $UUH%
R 2R R B

X o lQ Q

XA R MBUEATERI R AR I D RIS ERS, BRoR R E 8RR R
Y, DMERRGEM. XM HRBATEASARY | frfkas. EAPHIE 16 RSN AW
CESE 2O RVEES - f pov=sT SR )i AVRER L N
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1 EmsmEE

i
i

SRS PR AL ELE R R RA AN B iREEE 12 EROMkEt 3 4 8 sk
M0, FTLAFEFFSCHUZE 1 ATHIENSE | MR, VARIREROT A8 5E 2 MIEUFEASE 2 17,
HELTHE P B — KNSR . ARBRFEILZANERAAZI—1TH, BHEE3
AR BT R B —1TH . MRS EADMANREER, RN IZREBAEE— k1t
BreHEMHE,

FIVAGE AR #f R ARG AN IR BATWE— /NG T A E 8 Mifres, WETATIA,
TSRO EART. WA SR —DNARRS o B OB ik N\ i &P AT TE

—ido Z5RATTERTR,
Ll

D+ D; Dy Dy Dy Dy Dy
Clk Siu i 28

QG Q&G Q& Qe Q Q Q Q
oy b b

AP A— KR 8 fiBe R 8 MANRIKIRBRCH Do~D;, FIH 8
MEHRBFRICN Qo~Qro ZAMMANRN B (Clk), MEMESEEN 0. YUNHES
3 1R, DmfAR] 8 ffEgoxs] Q imtitt. URBMES 0 08, iX 8 fIERRRIAZE,
HENBME SRR HE Lo

WATLLR: 8 284735110 8 MM IRA 8 > Q Btk EAMALL, 1 FEFTR,

4
L D: Dy
Clk sfi7fiits 38

Q. Qo

ls/t

N 8 fz RS ER.
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~ GE—REATEVNREGERENES

g b l
CO siumz®
5.5

=

B (SR E R —EHRINRIER ), 8 > AR 8 A B M miE R % |,
CI (tfzFaN) B, 84S (THEM) MKk CO (FAH ) wERsimm b,

Lo, 8 M NEERRE 8 A S w5 AR, SXGERRE] 8 (B SREUR(D)
BN FRCH “BRAF7 (Save) RIFFICRBIFESMRT BB, FIRIEHONEEASIEH LS

8,
-4
X FX ll

SRIE TR Clk - )
Q Rt

2-1%EER  Sel M/.——J
i k8EESE

4 4
A

B

CO SfUMZE®E <

5

ll’ 1

1158 118

FRUDN 2-1 SRR BRI R — ORI E ARSI B SN EEE 58 2 HE

TFGERB GBIFER Q Imfiltl o HITCHIAR, BUskE T 8 fBifFasiuiitifEl B
RN 2-1 SRR 1 8 M TR R RLER
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4 RESMES T

B ——
b ]
Wi
A
AR EFRNR (Select) BN 1, AZBRITAORIE B iU ASLE B, XZEH

L HS TR B A R-—HH, T P ES ISR 0o K08, MRERSRK
BINE 0, BB A SR —B. BRI TR,

HmA T o]
RER A B Q
0 0 X 0
0 1 X 1
1 X 0 0
1 X 1 1

BOAIERIINER R EE T 8 NI 1 (ikdeds. AT RIstmis R S &R
—EE/\JO

Bt e kg A BRI AL Az (CO) 55 . WRFAN B IMESH A
BHESA 1, AN P ERUNZERIN &, X ME SRR E, — A RERIRR TS
FREINESS . BT, GEEISEEN 16 1%, SEE DN IZARTRER B R
MR —r . XA B RS 17 ERAR.

T INEERR R, — AR RS 8 M, (BREHSEN D
KEFM—LB, AEM— DRI MRAES (Clear) WMIAES, BEESHEE
730, (BHEHN1E, QRN o, WA,

t
[

G
i

BgE:
TRHMES RN 2, EFAES ERBHE Q Mty 0, LB 4 3FHFTH RN,
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WIFHREA AT 2B R BXMES, It 2 BEEL IEEIRRMARE 0 FIdER
PRNIRTE 1 ORBEALRERTEEYE? X hF R E B S FE IR R B
i, FATTREG —4H 8 MUFAR, BN LES 8 Armikazavii s, a BRI,

TER, AR AT (Add) B9 SREIAE S5 BT 28 BOR P o

PRIl RE e R IERSEL AT AR NME T, FrAR YIRFEMN E— B EF,
R TSI G, INMRFLESERENH 0, JFHIEK TRANITE, FRGS8
(LIRSS 2 TR 0, ARG, BTN E— Mg, JEERA “Hm” 7k,
XA B AR RAEAT I o FRRINSE AN INBOT AR MAS A" e, mirfcds
AR 8 AEREEUNBIRTHE SR b, FrSrfaBl e T . REmtiRlE, Tk

HATRZKIMEH
IES
A B

sfumx® I

S

M

\% D W

L—4/0—>Clr s E R Clk4—¢/o——J
B Q B

ﬂ

178

.

BIEIREND, FAVMETHY D g 52 Fabkry, ety T EadimrE R
FAEB R, AR w0 T80 1 (BI&ERF ). BR, YK EumiAdy 1
B, BOBSEOMNR TR, XSRS N O EATECEE S R Q AQ ok
EH,

MNEENHNE, YR ACLEBRT; HEN BIb—LR A%, 3
WG % (edge-triggered ) B EH AN AR, ST Ls TS, RELEEM 0 B3
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4 RBROMER T

1R, A25lERHmSE. eMNXKHAET, R Fakadd, YAl o,
BRI EMSTE AR AL ; TELBRLRD, SRRAN 1 &, 8
HEMARRE L AE AL AEENPRAMN 0 &2 1 1BE, BBmRNRAT 2
R T R AR ORI

VAR D Bfih L 28R IR R-S AR SR80 T 75 SO AN o
L

[ -

o

XH, WHuRrMABREZHERE % RS L%, WiEHEE &, BRETZNEN
WESTEE-FPET VBRI, XERERT UNBMESH 0 NRFEREN, B
2 R-S filZ 250 D R A8 TAERESE B 84 R-S R SR E—RH
A, SEHESHN R, BEIRRE. S8z, AAYNSMEShoTh 11, &
I WRTE TR

#2208, FEN METIET/ERESHAE RS, BB AR AN 0,
B QimHithih 0,
B

Nk

A EBIIRIAN 1, MTERFTR.
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i

BB

[iE:d

-—Q

XEE TPk AR, BRI e AU 1. {H258 T Rk s RS R
A%, PSR ATLIR 0, BLATER SN LR 10
BB e

XRESIEE 18R T A AR IO, Q EiH A 1. ARLEAT, Tt BRI
AR MR (EETAEDy 0) AL Q K

19 b
FUBSTERMEME M 0 (L E] 1 BUBEIE Q F1Q Mt A B ATk

DIEAR R D BURE ST RFEFNRFSREIM 0 8] 1 B &k, B
Fi—Am Ergsk (1) &R, PR,
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14 RBSHRE T

!
@
»~
- < |L
L

X o]l qQ «

TR R AR Bim 0 200 1 I (FRAINEME 510 “IEBRE”, “fBkk” &
M1 0), Qi SN ALISHTS 0 FEATR,

—Ip Qb—

—p Clk Q—

B NE AR S RN R B R IR AR o

THBERNE—MEMDE D LR, XTRERETEMARPMEAERE
BRI, Sz — T AT S REas, HEHAE 0 F 1 Z R

™

HUR S SR S B D Rk SRR s \GERE, FIRHE Q i
FIA S D AL,
N —

e R

XML AR HFEIN X R E O RBEEERB! (FhrL, XMHER
AR A IR, TR ae R RAS R PR B ROk R AR A AR, FLRrEH SR AR 25 10
SR EAE, TIXEHARK RS A —E ARG LRGSR, Oy 7B RXIE,
X B RS #% PP A4k R R EL HLBR LA oA FR SR R 2 )

174E —& FIERITHAE R AT LAV (76 B R AR RO I T, BB e, (B
SN 0 B QEtith ol 0, W QisstH 1, T Q 2AN D s AARTEN .
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T SE—RECHTEARRAETENES

fon

i

N

HitH

Q Q
0o 1

LA 0 205 1R, QiS5 D EAAF.

BEHETF QHMtHEN 0,

LR PR 0 BF, AxRMEIEL, 47N RATR.

AR S AN N 1, BT DEAKO0, 2 QHHA 0 B Q&N 1,

180

WA

e

D Clk

o

Q

1

0
i

1

Q
0
1 o

Rt D BNy 0. BUAERS BN 1, W FLFTR.

WA Hth
D Ck| Q Q
10 0 1
11 1 0
0 1 1 0

WA W
D Ck| Q O
10 0 1
11 10
0o 1 10
0 0 10

WA H
P ck| @ @
10 0 1
17 10
0o 1 10
0 0 10
0o 1 0 1




14 RMSHEES T

FTPA D A 1, 2R,

BA T
D Ck| Q@ @
10 0o 1
(O 10
0 1 10
0o 0 10
o 1 0 1
i 1 0 1

PA bR ARG AT AT B R 4500 - B I b Hh 0 200 1 I, Q s iR R AT AL,
BEM O R 1, BiE 18] 0. NI A AT A AN B B A A

el [ [ 1]
3 T s I

LB EhiE Clk MIAE 0 254 1 B, DA (5 QMUMEAMR) BHHE Qu, U TF—
K Clk 528 0354 1 B, D HIQ MEFIRELMAR,

WIHSXAMIRTS SIS 20Hz ( HI 20 AN EIBIRIETEL A 1s ), H824 Q IBIHHIREE
B—23, B0 10Hz, BITXANEE, XRS5 (frequency divider), i Q&
HARZ 45 B e B B B RN Do

LR, PR R R PUER B — A SRs Clk N, HE— RS T FHZ
= IRES R — RN E R,

Tk Q Q: Q;
| ! |

5 QJ'L, QJND JJ
Clk Ck Q+—pak Q<+—pbck q
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’”Fﬁﬁﬁfﬁgﬁﬁ?mﬁﬁﬁﬁﬁﬁﬁ?

TR 4 ME ST MR,

e T LI L L L L

Qsl l ]

XERSGH TXEEN—8S, BAXMER2ER bR RANEHEH T X,
FEXEE, VR AT K BURRAARI AR A 7

Bor—TF, EXEESEE 01,

BIAER IR T 2.7 BB SR 00° . AIF I 4TI 4 R,
5 BIRTRE T 3510 0~ 15 bty — A2

=it it
0000 0
0001
0010
0011
0100
0101
0110
0111
1000
1001

=

V||| NV (N} —
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14 RBSMER T

s e ]
t

g*
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

AREH, XMBBEAULER S 7M. 4R, MR NEEPIINE
ZofE sy, HHBTERBEER, HH 8 EhRE— MU SR _H#H s, T
FIBCFAE 0 A1 1 Z IR (iR 2 AT A — BB IR — 3, XA HE R
BB TiX—fo fEE KR EMESIIEBVER, THEES MR, B 1,

108 MR ERERAT R, REBON— N, MR T A 8 AR

—> Clk VERP - Ang - £
Q‘ Qb QS Q4 Q3 Q.} Ql Qﬂ

XA 8 AT MRS, BT MR AR N — ARSI
BN o BRI MR S — K -SRI, e R FNERBESR
—GHER, EAGHNIBEHR FHT (FI) TR, BOR SRR T —
2R

FETHEES R R Qo ~ Q 4R, FEBATIAN Qo 2 S — MU ARAVRI o ANFKAT
MR X Hm b, BRATLLR 8 (I8 EEHIR,

XA THEES O FFEIRT LUK 8 AMath oy SRR, el e e i ik—
BFRRHK, I TEFTR.

Clk .J I—
Q *GO@G@ﬂQQXﬁOG@e@B IXEGOBOOE éXGBBeeQZ EXQBQQQR%X
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— HE—REA BRSNS ENES

IE SRR IR R AR, —& Q MHFREaNE, MASMLEARAE,
BEE ERGENIFT o A FRBEE T 1,

AFERIHR 2 A AR B FF T 2R ARG 2R, ECERBXMGET,
MRE—MRGEERD 8 MTHEEER PN L, B2 MRS B REIRG 2
G ERRE . MR EEGAT 11111111 (HEEHIR 255), B XEIE% 00000000,
i FTHEE M E RS AR R B R 5 AR T AR 8 MRS BIIEE 8 FUT
b HFTANEHER o (EIFTETIRERIEKE), Bai— A Eb&ETHT; METELT
WA, EIEPRE ., SRS RMER 256 RTEENNIE, BaX MY
10s, MIRTZFPIRRE 256 - 10, HJ 25.6 Hz,

BEEMLZ IR, THAMNEREMESR, TEAHT MEREmEE
THEERAIREY D i & 2%,

b=t

"= r——Q

N o —Q
D

HHEHT, TEAESESHANLEENARBERGN, BRSO, 4
MEFESH 18, QAW 1, QK 0., UHEFHESH 1, QLX 0, QLN 1 (ARS
ALK BTG S HI RIS —HF, FERAHBESREANY 1. RE250, ZEHT
{E R AN I D MR R,
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14 RBSMESH-T—

BA
Pre Chr D Clk Q Q@
i 0 X X 1 0
0 1 X X 0 1
0 0 G T 0 1
0 Y] 1 T 1 0
o o X o | qQ Q
F R IS5 AT DA B ) TSR
—Ip Pre Qb—
—p Clk Cle QF—

DTE, BMELER AR RRBINE ., BEMTTRT, XE—4RA B
IR, EOENEARELR 100 ZEMBMAENRE. BIOEHFELZRMGUISE
ERE, WHBARE, SLEEEREEETEREE, Pk EREERTT YRR

L
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e

AR

A b — B S AU AT, B 1S T $dERE 42 ( Data Path ) iX M-S,
PWBNEEEIIKES, 1§ 8 MUEFRN—4, MBRRRRERE S 2 AR, H
3, X 8 PILbAFELE NGRS . BERRA R BUBAESRMMNER, RN ElRXss
BRIt R X 8 AIMLLARRR AT AR IR RRASH GRTE X, T H AT AT
R AKRE R, X3k, XU EIERAIAIDE (bits wide) BUE 8. MfH23K
MEHEEXCH “8” (? A2 BB N6 61, 761, 9 fi5k 10 £2%8?

EA B XA EEXA SRR, ERMEXEMFYERXTE 12 %
HhIF g B LR, TERT “Wife” TRIMIFELRER 8 (L, HEBMRFK, FHih
IEN R 8 MR IEAM 25BRN, RASTERREM 8 M Re, —TE
HRBIE T E FROCHERILLARAY. (biteful ) ILLRFRL. BOF AR CERR BIFAKR
TR —E 2R, BRI, HSRorh—EEREE (SRFIRBAE ): 8 b ER—
TFET (byte )

FAXAARERFET 1956 ERiE, H IBM AFHRH . BRREHIBFSHRE bite, {2
NTERS bit BER y RET 1. BJUAR, FHERRE—-HIERE FRMH, HE
20 #4760 AR, 7 IBM [ 360 RAMAR F (—FMABRE RO ATEN), F
THXAMABEH AR R R4 8 LR,



15 FHE5+R#E T

MT#H 8 fir, —AMFIHEUETERE A 00000000 F 11111111, ABRHL, TiEAIDIFER
A 0~255 Z [EIIIEEE, a5 — MNMROFMLE AR R AR, BBo—AFHh
PAERTE-128 ~ 127 TEREFNIE . fRER, —MAERNEWITLURE 28, B 256 MREE
R —A,

UBATHREE “87 XMEF, 38 EAILERN—MIUE, BRI TiEE
SRR F ARSI R Rt EE—% . 1IBM RRAFTE—MREER
RN, BRI AL BCD JERX (38 23 ElaihR) HEMRGF, &
AFERERUED, FAREAMERONE: SERARESHmES (BRrhx. B3
BE SR AN A R ) EAFRE#E DT 256, BrbAF 1R —MEERARIREF X
AFB. FHRBE SR TRABRGRIKEE, X2m TR S KEZ) 256
fo Y—ANFWEREFRHAREE (WMHEERIRHIC, AXUARECHhERNR T
HAE ), BOIAFRRARAD T —T AFoR 2" thighR 65536 ARk —ixth
2RI TT o

FHH—F B 4 Wi —BA R Z D9 F1 (nibble, HAIHFE R nybble), 7E1t
BB, BHARF IS EER.

BT F U EAINEHIRBERE S, R AT LS — iR 7y R e N
BSCERREHIR, Mo ABATHRIRZTTE, FRan—A 8 fz ¥ 10110110,
XMRETRARTNER, BEENBEGE.

HA VL TR ETIERETT, BN iR T —
RO E—— BRI E S, (BRI, REES § SUN 0 MR
Frike BNE R HEONRE 2 (AR, ERERITTUE RS 88—,
LR T SHE R BIBTRG 2 0RSE, RERA “FHER. TN BT
BRI, FHRIZSR T 10110110 RSB 2,

L1 0 BT BT )0 0] [

x128 x64 x32 x16 x8 x4 X2 X
o]+ [l [l (o [+ 2+ (=[]
SR BN R B R B — s T o AT AR XA -3 S BB iR
PLSRHETIN 2 MR, SBR—XEINHBEERN REEBRN—0, TIREEN
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T RE—REEHENKES SENES

T—IEERERE, BRERRRIUL T —Mh— A0 2 958 TEFRORT H3tfi%k 182
SRR T AL AR

IEJEIEI

—llb +64 31«16 #R

58 Eﬁﬁﬁﬁﬁ/ﬁ%ﬁ%ﬁ?éﬁi%ﬁﬁo Aid, TEHHIEO TR Al AT
BrFHE TR, PlInEEBEMEAIT— BRI

5 8 FREATELE T/, ) ST R, SRR R T

F0.1,2,3.4.5, 6188 7. /\FHHEA _F#HE MEREESE, RESFEo~
73X 8 NMUEFHTHRIN 3 A7 " FHIBEN . T ERXGKERME R T IXP R X R,
™ 71 NHHI

000 1]

D01 1

010 2

011 3

100 4

101 5

110 6

111 7

BRINEAE—A " SEEIE (41 10110110) %40 8 FH&l, TTUANEGHIBEF A,
53 RN —E, SIHESAFENNE N/ \FEL.
19110110
[SHE A Sty L e
2 6 6
10110110 XNFE I REDEFTR A/ GRS 266, XHOGEEIEIAT , /\SFHIFkE
IRFEPARA— M. BEERERL—EHEPFAL,

FI R AF RIS S I ROTE RS 00000000 ~ 11111111, MR RA/ G#HEIER, B4
AR R RTERE LR B T 000 ~ 377, 4R FARmiBl T, BATMASIALIE 3 it =
HHBTN TR RBREAR/\#HHE, TREAN/\FHEERE 2 3B

a 188



18 FESTAEM T

IMFHAHEZA 16 67RO 4 ABIAF BRI BT h A 2 BB
FHRIARSE R

10110011 11000101
[ v I
2 6 3 3 0 5

AT HELZFERMS TR RNBRFETERE 3, BNEFEMIUES B T
BRARR, ZREXMER, BAURESENFIESK 4 A, G4H 2 i (ET 4 101t
BER%);, BAAES 248, B4R (T 16 NHEERZR ).

BT 16 (THE A% (Base 16), X THEHNTME 2 —MEHN RS ET 16 KR
SRR T753HH (hexadecimal ), XNEIAREZURITHERE . XRHNREZI
hexa- HRTZRAVHE (b4 Hexagon, Hexapod LA Hexameter ) &5 6 SRE /DB
B &, T hexadecimal X/NMFAH R T 16 (Sixteen ) XS M. BIRAE (IR
N SEARFM W The Microsoft Manual of Style for Technical Publications ) P ERHAIHER “1&
RS HHFGEE hex”, HEFERENNLERZHALEREAEEREAIMES.

AT A B2 AL BT, B TR TR T AR R
HES

0123456789101112...
BAWraHENZ— T/ \dtilrh, 8 M1 9 XM MFRAFTEN, B THEIXH:
01234567101112...
MR, POgHl SR RAIBATEE 4. 5. 6. 7 XEHF, 3 FERXE:
01231011 12...

B, X—-IRRENER, RIFrERNAF oM.

A 011011 100...

TR LR - RIEAR T2 AR, ERELHHE LR
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—F‘ B —REEREEENES
FRIB. ARG RS R TR

FEA 10 GEFRERE— 1 BRE—A 0) XIMFRRIERS SR LR ZE
TP 16, BHRRISKRERINIETEE 6 MISKTBESTHATRE. XL
SRR 27 ENHTAL? FHEE, RARHBARHOFSEHEACKHE—-5
3, FTLARZT HBABIAFNRTS . I 6 MFSHEIREE/NE—, flaT
XIS

AEEATFTEANXZEBFEHES, LEIHENENFSERES R, MHEEEH
REETRFEN, SMERNASHEREIET 22, x4 10 Ier4-1E.
—AHEREER (11 N AAR—EIERBA ). —3T (124) mal . — A% (EATER
AERE 13), WA (—BRHIERZH 14 R2EHHER), B Eib ATBEs
JIKT (Julius Caesar ) ZE= AR HY (515 B ) ##IRK.

AN HETASE B AR R — DT . XWEWRE M Hodtlidatfh 4 fz

TSR, BI . P EDXTKERIR T AR T TN ks ]
BATHHR

st 3 RN +tl | W +rEH +3
0000 0 0 | 1000 8 8
0001 1 1 1001 9 9
0010 2 2 | 1010 k/ 10
0011 3 3| 1011 %\: 11
0100 a 4 | 1100 -y 12
0101 5 5 | 1101 Q 13
0110 6 6 | 1110 @@ 14
0111 7 7 1111 { 15

& 190



WFATHERE B MY 10110110 S+ 732t o
181181170

6

TR L FIERAT, FAVMEA LG TR .
10

0110110 11900101
e e [ S
o6 ;Mmyz 5

—/NFTRE E R AR X IOk #oR.

15

FRSHAEE

HATHE (s fRtiis TS0 EA A TE IR — 4T G RR AR+t H 2.
BIRXFTT KL 1T, BERRRTEHRAMEEN, ANESII RN, B
Tt ER DI 6 MISH 6 ML T FRRECOR, BB T XA

0123456789ABCDEF 1011

N EIER = iR g s G2 - Ny e i I i 25 S P 8

12...

— o5t + ]
G000 Y 0
0001 1 1
o010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 [
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14

1111 F 15
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—Fﬁﬂ—ﬁé&'ﬁiﬂiﬂﬁ#’#ﬂ:ﬂ’i EE

XHE—EFZH 101101057 PLF R 758k H B, oA I E— MBI ER AR 2.k 45
BATEEIZBZATENEY, TEE DB (H TRRERS),
an:

101101101y (10110110,)
ERPYHEERET R

2312p0ur (23124)
BRI ET N

266t (2665 )
ENTHEIERARTS:

1827y (1824)
S5, BrSHRER AT ARTR N

B6sixreen (B6ys)

HREXMEER SR, Sfa/UMRE+/SARIBuBR &, RIERTLURI 75k
IR

B6HEX

AR A — R NS SE AR i, SRR A —ANER b RIREER TR
FRRIXANECR AT 7S BRI, BUGIXFE

B6h

W A AT AR B St R - R 16 AR B BEREER, o FEIFTR.

1&‘11%1&
169X ¥
2569 &3

40969 153
65, 536 153

b 192



B _FESHEMT

7B 9A48Ch FILAZ R NI P

9A48Ch = 9 X 10000h +
A x 1000h +
4 x 100h +
8 x 10h +
Cx1h

XA 16 BFRRTTFRRTASN:

9A48Ch =9 x 16" +
AX 16"+
4% 16"+
8x 16" +
Cx 16’

WATLAKE 16 RS —ERIT, So9n M.

9A48Ch = 9 X 65,536 +
A X 4096 +
4 X256 +
8% 16 +
Cx1

BATTLAF48AR, R UE— T (tean 9, A, 4, 8 R C PAMEM—A) Bk
B, TEAEAEM T IR A, XM AL E T itk

SR AN R, — AR 9 (UK 95 1Tl A BB M ERSE—11K
BN T BRI 10,

EATTAEREMAG A TRE T, B At R 2 A

9A48Ch = 9 X 65,536 +
10 X 4096 +
4 x 256 +
8x 16 +
12x1

ERMREEERE 631,948, XFE— T Nt s a0y Ht HI BN e B R
NEAH TR, R AR BDEATHE 4 47T/t Sl
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o G —REE R SRS

I o N I O

X439 X236 %16 X

I e NN s NN b O o

THEABEE— M, 8 79ACh B 3513, FEFICEORELE AT C
4P 10 #1012,

E N o N

%4096 X256 xi6 X1

28,672|+| 2304 | +[ 160 [+| 12 |=[31,148]

R AR BB I MRS BT, AT T 255 % 1
NFWRR AR, WEUERA TSR R X B AN 7 8 WA XA
BERVA 16, TRIREIRAIRE, BIEREERRE, TRBIUEN T XIa B i)
H— NIRRT RS BRIEFIEN . 3% 182, BRUA 16, WA 11 (F+
NI B), RECh 6, ATEAERIH75uH Boh,

IRBAR TRHIBUNT 65,536, LRI T 4 Sk BoR R,
A — A R L — MR
I Oy B O o

4096 +156 ~16 =1
I O N O N O

FRNE TR SE A LARNTER. ZINTERRES %K, RER
VASE—ANREL 4096, BEIMFIREIMEREATN A THAER, TBREERRE
AIARTTRER o XBPEREE TSR IR L 256, FIFIXAHN, il & Z% A
ISR AR 45 R . N EXIREIAERA IR 1% 31,148 FE3 s+ b I B A2

[3raas] |2476] [172 | | 12 |
~4096  +256 +16

L7 ][> Iliﬂlli’l

BRiSN, +HHEE 10 012 & H<BHPK AT C, HERRNRGEER
BAE 79ACh,

o 194



15 P54 xuH

B EEE—ANIVNGIAE, BB a6 Tt RS R Bh rdt TRz, b
2B RS EERENARRED, MRILITEBREEHE 31,148 BRLL 4096, BRIFHEL
A B 7.6044921875, T AT LA REHER 5 ot BREL, F 4096 LA 7 (137 28,672 ),
M 31,148 EEE, XE—Frk, thrTLAR 4096 LA 0.6044921875, bRt HHE
HERK/EERY (BETE RS UTER[CERR T HHHA+ 73t FE Rl
TIHE o

T —FEERUNT 65,535 I+ St BIBINTTik, E AR R BB ER L 256 AT
KBEEHS AN T BTRNTENFY, HonlkRiA 16, TEREHEIEFHEIK
B

I

0000

FNFRABTA TSR B—RREERE, SRR SRIRRBAREZL T
TIHER, TR AN HER, FERESEIEI] 1 HIE 51,966 foftHd

[

5

=256
=

+16 ~lé
EfnREEn
R EAHEE T 1 Aot R, B aSiES BIE 120 100 15 F1 14,

Hid RHE CAFE, KREZFEHEL R, REEREHIE T (AN
IR NEER—FRU 56,495 FUARTE, SRIGIEE 4R T 250 )

MTEME RS, RO ATLUS AN RIEEER, TR 7 ek bni:
BHE,
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T SR RS RS REEE

+|O0}p1]2]|3j415]|6|78]|]2|A|BJC|D|E}F
ojol1]12]314]5]|6|7)18|9|A}B|C]|D]E]F
1111213 }14]5]|6}7]|819|A}B{C|D}jE]F]10
21234 |5]e}718]9|A|BJIC|ID]JE{F]|10]11
3134|516 ]|7)8]9]A}BYC|IDJE]F]I0O}11]12
414516789 |A]BjC|DlE}JF|IOP1TI|12]13
5156|789 |A|B|CIDJE}F IO} 12113]14
6l6|718l9A]|B|CID]E]|F}l1O]11]12]13]14]15
717{8}91A|B]JC]IDIE|F}J1O111|12113114|15]16
8|18 |9]JA|B|C}IDIE]F|10}11]12|13}14]|15}16}17
919 |AJB|CIDYE] F|10p11]12}13]|14]15]16}17]18
AlAIB|C|DJE]|F|10O]1T]12|13}14}15]116117]18]19
BlBJC|DJE}F IOV 1211314115 16|17 |18]19|1A
ClC|D|E}F 10111 }12]13114|15}16{17]|18}19]1A]| 1B
DIDJE}JF1O]11]12}13|14]15}16] 7|18} 19]1A|1B]1C
EJEFJ10{11|12}13114]15}16§17]118|19}1A]|1B8}1C]1D
FlF[10]1112]|13]14]15]116}17 18|19} 1A 1B} 1C|1D] 1E

8 Xk T AT SR B — RO Nz Bk + St I BGA AT IESE , an R BIAT

4A3378E2

+ 877AB982

D1AE3264
BIZ—T 5 13 ERAE, BTSSR —4 2 sMCR R R SHAN MR 513,
MRBANVEERE T ER 8 7 I, LB ARNRESMEN 1, £+ NHFHER
Gith, BEfIR 8. 9. A. B, C. D. E 5 F ORI E /R 18, H X+
HIBOT R RS AN 1. B0 99h A AR R RS HT3H 3 153 (FRATIE

BTCRRETY LA SE), R rtdtHr-103 (XN EHEHERFSE ).

YRR, 99h XAMNHBEFTAEME N LR, hREETHHA 99! AT
HIFFBAERRE, AdXMEE PSRRI A RO, RSEFE 23 &
TR, (BEELLZ AT, BAILIeie— MR ERAR,
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{ihg 2 a1

BRIER, BATRACAIEENGEER, XA ARNZE BRREBIIET . BID7
ATRBECHEMT, R riea 285, AT, AREERIm
tRELEERER, BN, HITRBATRIZRES, ABLS LI ECH 28858
K (REBORH, AREBEBNERE 2 ERNIEFERT ), EERRH, BATE
AR S H O R RIT R BHESE, SEEFARE, RIT ALK I

BR, AEICICUFRHH 20008, FRRBREPIILTR, SRFR—TFRi6
TEEREAFEIREIE, SFRIERT10E 42)T¥2] QED (quod erat demonstrandum, LF
B 5H#ES ) XM RSB SIITIE T .

ARHIZNC I FREE AR . BEICRIFHARRMSIN, AREER, B
AT RFALRIE BB, RFERRREBRR= 2, RAK E—EKifiie,
fiEH SR HBL A B4 00 Rk AR ZIGRIRLR AT R B, BEi1e
ETPE#E, REARANE, —HEROER, BARARXMPIRE, — N
HRIAMBERAL  (RIARAAERE “—&#bE, RFEBRSHBE AWmED? )
B AT .

BANEERFRICENNETERL TR, EFENEHRMES; JRTFETEEA



—T RE—REEENEEN T ENES

HBEHSARER, ERERREITEH. AEORAERY, XS BNESEE
Ml FHERRHOBRSTAIERBUET L, BRARMABXPAN IR AEERF LR, BiI1E
KA (R BAER A RMIITE RS, thin, REXRBRENA - ZEMELK, M
e N B TS R AR

HL R4k 8§ ( Telegraph Relays ) PA— e HSUE RGP E ], SREER R
Rig—AF RS R E RN, EEEYRRIHeE, — Mg 1 2
BEHITHM. XFHOFER B KNG ER g, B eARITEER
FRAWM TSN —F, RERE T afFeE 1 (R, REZEFIBR B U7 2
iz, 3 rEEENER.

R 14 ENZESIERY, BOT—-&rhed h— M. B STIFFEA SR 1
JiE) D RUR AR RS, AT EIFTR.

B HA

BB Q

SEPEADY 1, Q i SEIRRMA R — . HUNHE AL 0K, Q Wi
R AR R A — KA o BRAER SN EAREITN 1, Z FIEEEmR N2
Wl AR ESFIERERNT,

WA Wil
D Gk |Q

0 1 fo 1
A O I
X ol

FESE 14 ERPHEH, XA 7R DL BIAA R R R SETR, TOE AR B A
POAFHA—M—HMBARN TRF 1 EE. ATEMEEMRR, HABRAN
FofTHmERTar 4, SEHELRRSThREMERT, W FEFTR.
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16 FifsRAQR —

MEERG K, XEHLEE ST BRI — i g 2%, R Ar7 AARAH
[, DAF Q My Hisms AR BRI G (Data Out), KHEMEINIG (75 14 BMIRERL)
WRNSERIEN (Write ). BERME B LBOCRALK F—F, SHREmNGESHEERR
BN (Dataln) 55 SN (Written Into ), tWAIPAFRZ H#F6E (stored ) EIHLERH,
—BAES T, IRSHRAERD 0, MEHHINGE SRR MR m, YTl 18k
NGBS AT AL SR, TTUARBNESRCE 1 5N 0, 1258 14 EHRI,
XFRRRI B BN BT RS, DU 2 BRSO 7 —FF. NS
T 1 (AR RIOHE R, AERRE AR e i 3

— DI
— 1w

DO—

BAVRE DEE QB A | B SES SN BUTRS, FrEfist It 5
TERMESERB RS, BIE T,

r " N\
w Dl |[w o[ w pi|[w i [ w or|[w o[ w Di|[w Bl
Do DO DO Do Do DO Do DO
. — J
L-F

EHRE R 8 frifFER M N iR &H 8 . BINEER/—ANEHRE, IR
RET N 0o WERFE— 8 7 " HBUFEAB D, HRBEIESHARE 1,
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T RE—REAENREGTEMES

RIFHE 0. BAEFEFLUEXMFRUMEREARIERK, B T EXEE.

l pl. DI, DI; DI, Di; DI, DI, DI,

W sfrfr 8

DO. DOg DO; DO, DO; DO, DO, DOy

vy v b e b

AT FISEHR BN | rPra s — B, AW e AER T EXMER,

BESA 5o spema  poITD mERH
51, 3)5  J—

EAB—MGEER 8 N 1 (8ifFss, BEEMIFAE EEOXHER., B
HER- I EBEmATaHE Sm, MARESESERRANGESEIES 8 K 744,
XMEF TR — RN, & RS T2 HNEE. RE—TERRLE
oA A AR WA AR 1 SR SRR 8 (i

BrEl, EXFBVERRPRANVEAME 8 NERIRILLEE, AR 14 8 i
pri '

M 2 E M RYE? JRE A R7E TAUCE-—MTH!

FATREARFTFERNRZ 8 N 1| UBIFsS. AALERBIR A X i 8
W, B SR A — MR R FE SRR BB IR S . BERK A B R BX
MTERKERT DS E, 2 E TIOR8 08, B2k i1E8EX
EMEEMERI T . AT kAR ER ENIHERE— NP E.

RAEFELDDITRABRRIEYE? FA1 DB X AL, mETk
TELFEN 8 MR EE—AEATRER, BATRE 3 M6, XRE @R 3 AT
IR S HEWHSIAS, BT RRH 8 ANAFIRIME : 000, 001, 010, 011, 100, 101,
110 FI 111,

BABNTFL LEA 84 LBER. 3Tk, 1 MR, MAMEFACHAT I 6]
WHRI—FEE, WTFEATR,
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16 TFAERR4ELR

w o |[w or|[w oo |[[w or]fw o Dt |[ w DI i
Do DO DO DO DO Do
Bt 2%R

._

A “BNEE” MRERRMES, TEHA 8 M m, ZNHHE 3 M.
B =AFFROBE R, NIRRT 8 % 1 BfF, MR GBI HER
EERITH, EHEE

TRARER “XEMA2EE? 7 BREM AR TATeRT S aE N B RMRE, X
TSR BRA X 2AZMMNG, XME S HINESE 14 ERE— A BEtm Iz
A, FEZAER R EE— TP CA— s i B 2 R —A, fEinikasiim
N, HEEREDH 2-1 RS, MEA A EENIESR 8-1 $dELESS (8-Line-to-1-Line
Data Selector ),

BESA

Ll

D Dy Dy D, D;y D Dy Dy
*iz S -1ERS
B >
e B
BiEwit

8-1 BuHEAR 8 MBI (FERTES), AR 3 MNEmAg (FEHAN). %
BMASmRTIRERUE R M IR B, AR5 SR A Hy B sdar o SRR A\ IR 000,
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T SR REEH NGB RRGRES

¥ D, PFEROMEEH; BB 11, W D, YiEssmER s EEE 101,
NFERIEHH Ds B, REMEERN TR

wA T
Ss S, Sa Q
0 0 0 Dy
0 Y 1 b,
0 1 u D,
i) ! I (BN
I 0 1 Dy
1 0 1 D
i i 0 D,
1 1 1 D-

8-1 IEFRER EBARGTIE J: =ANFUAR . A 4IRS — 8 din F Ak
[, REGBVALERN FEMR.

by

D,

Biesit

XAMHEE FRRRES, BRI, s SRR —ERE 10
Fo MR S WIEENA 1, SIS 0, SofIEAILY 1. MTRERITEERIEE 6 I STIHEA
H So. S+ SR, WHRETENEN 1. HRSTHNX=00aAEBELSE 6 M5
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16 FFRESBAR

ITAVRARR, XEERHAL TR 0. 5 D40 0 FRAES 6 151 it 05 &
286 NS N 1o dhiRA ! 1T DA IR R 7 B R . BATPTLAR 25
THEXAEEE: HREBR 101, RS RS Ds i s — 2

EERAEREE - TR, A CATEE T 20 AN RS AT Rk 8
A1 frBiERS, EECEBN -TRNME SIS ALUR, BRI E SR
Btk MAFMELRDIHAEA] 17— 8-1 LBeasx 8 MRS IHAT R EERAE, TN
R ifrRriofdEt, NE2RRmEaE.

I

o Di oDt YD g v DI

L1 1]

FoDi Wbl o

DO O Doy DO DO
i
{
|
Lﬁ | '—J
v ). Y, D, D,

B HEEANIER T RAEN-—F, BRRMURESME 2R, amrEghkd s
N

BmEE TRIERAES RERIEES . MLHERARIERANESAESFSEE
NIREEEE—#, B 8 MENESRATLAEE RN, FAHIEIREnEA 9
IR BANEIRE . BRI IIMNETE—MHOINBAGS, eReEsmaEsE (EM—)
MBifrar L, RENEHTTH TER R,
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T AR REESHRIGEAERE RS

v BESA
[ 5FX
v
s —]
L RESURBH AKE?
e —]
I ! L G
é r—/
|
[ I I , | |
WD W l'il WD WDl woont WDt DI 3]
PO DO l DO DO I DO DG DO DO
I I [ I ! I [ |

N T RERIM SRS, BATRE RS-, T HXRTHS 8-1 28 Thae
KU, HENFERIESFAR . FAFTRRMIER 3-8 F523% (3-t0-8 Decoder ), RITHAIFE TS
FRERAT 189 % 3]0 —AMA B B985 ( Data Decoder ) ——fF 58 11 ZHhl T BRI
KRR R, FAHEHRA—E T R TIER R AR BETIRE.

3-8 FHANmH RIS 8 A
ﬁ%ﬁ%ooﬁéﬁﬁﬁﬁm%%%mmsmsh

RS A2, W PR,
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16 FRAR T

RAEFKEA—E: BN LETROE 6 NS, BRMAGRE S, Si. S &
BAM—ANEITRAMEARN= M TEXFHBRT, RESM AR 101, WER
T Os EREERMTHEIN, HRSTRBEN 0o XK, HHdEREAN 0, M
O;BEZ #rthh 0; HNK), BEEIBRAS 1, W OsHHh 1. FHE[NBEEAFLADT

KR,

L N B &
S, 5 8y 0- O, O 0O, 0O, 0, 0O, O,
0 {} 0 Y 0 0 0 0 t 0 Dara
0 0 1 0 0 0 0 ¥ 0 Daa O
¥ i ¢ {} 0 0 0 0 Daa 0O {3
4] 1 | 0 0 Q 4 Data 0 ) L
1 ] ] 0 0 0 Dara O 0 o 0
1 0 1 & 0 Data @ } 0 i} 0
i i i 0 Daa 0 & 0 4] 0 0
£ 1 1 Data O 0 0 0 ] 0 0
¥ 8 MRS MR BRI IE R T A BN RS
Hiht30O SiRfEN HERAN
I
S, B
5 3-8 PE
b 5,
a, Og 05 Q, Oy o, o, Oy
( | | | | | |
WM Hw DAl W DWW DD w DI W D WOoDL||wW
B [3(8) 10y DO 30 D [ele) £38)
EIIT rL,, {L r]u 1!; Dl2 1;!1 DI”
Sp SRS
Sy
1S, ot
Eiewmit
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T AR REEHENRRHRRNES

EREENE, FHRAILRSEEARANERES, £ LRPX=Ma5—EW
Frogtbiitim 1 ( Address )o HUHEMIPEAVBUREA I S RINMEFE S, K= rhtR
ET 8 MBI SR 5 Il 7E 3-8 PRESSRAOE NI, HuabE B T MR i 7y
#5 A AR S R Fm RO SRR IR IF BRI tE . AR (R -EE8 ), 8-1 ;s
ARl IR R 8 MR —A, AR AT,

IXFPRCET T B RS A OB R R B R 913/ 5 476575 (read/write memory ), {HE
LAY R B 764 78 ( Random Access Memory ), 8 RAM ( F1#1{i] animal &%
FLL)e ATEANAEA TS MR 2 1 26 8 ML RAM, BHfiLER
B N R

—An
mﬁ — F\{

— Al
BEBSA__in 81 RAM DO sgmeaths

SRR | w

R RR RS 2 AT LARE B AR DA RR R OV B R UAMRAF (B B TURBB AR 1y
BB MUT USSP A ERNEEE (A LB XAIhae#oh S5
#8), THRMMEF R ESAN A5G T 2808 (FTRAREXFRIhaeR A gt o
Z FPART AR ABEN UG P AS . R DESHRIER d, BV TESE ik &4
KN, BUFTLAN 8 MR E S NFEN RS, AHH T EARRIG T 2R 774k
B — XA I —E MR, A RARESRRGRIE Y 101 EdE, LE5
ik 100 FIBHRE ISR H % .

¥ RAM S 1THHIECE AT RAM B84 (Array ), AT HHERIX A RAM K5
PL8x1 (M 8 3 1) MU RALUER, BFILA 1 HLiSENZRES AL, L1768 8 N BAAIRY
PR, FrLAXA RAM REFI R EEIFAERN ST 8 5 1 HIFRFL
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16 AR T

T i

|

RAM FESIINA SR L MEHE. oo 1R DAd H k75 LT AR A 8x1
) RAM Mr3ERGER, I FERTR.

ot j};
As ; N
BEBA b SXURAM DO B
SHER W
A
; j‘"\!
A
BIEBA l‘)_l §x1 RAM DO BigEH
A\

A

FAHEXPEA 8x1 #J RAM [EFIFHENE R HH#E4y BIE i — ANk, XFEREES] T
8x2 [ RAM B4, 1 MR R,

S
—JAs
S S2Ram RO
BIEA Hi TS BRANM o, R
1 H
SR | W

XA RAM FESIRT(7Af 10 — BB BURRE 8 4>, ERAMIINIREA 2 (.

HATA TR 8x1 () RAM BEFIBEMUE I BI7 RS, (R —A 2-1 38 fn -4
1-2 R AT AL E T R SR SRy R TR AL, PG H T30y AT

38
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—F ;ﬁﬂ—ﬁEEi‘fﬁ*}IﬁﬁEfﬁF%EE’\ﬁE?

SERMER BESA RN
1288 s bd
DO, DO,
™y
)
W AgAA, DI W AgA;A, DI
8x1 RAM 8x1 RAM
bO DO
Dy D,
21 EH
S+—/
l
BESH

“BEEET s AT AR B RS RRRS, FEEMRLERA 8x1 RAM FESIhIERE
— AR EHTE T B 4RI LR A A X FRES I SE R R R 16x1 U RAM B

A, g FERTR.

o

Ay

A
A>
A

—{ A

BN

S

Dl
W

16x1 RAM

DO

B

FEIFTRE RAM BE5IERE AR 16 MG, FANBALL 147,

RAM FEBIHIfFE A B S HMIM R RO BB A EENE R AR NIRRT
T (RE 1 (9ifr=sf0 8 L BFasiols ol ), FEefrid 1| MANBEE; MHE 1M
HEHA SRR, PTUAAERE 2 DRAROEEE; BRI RET, FTLATERE 4 A BRAIAEL
#; A 3 NGRS, FTLATERE 8 MNERMIIEUE; A 4 NS, ATLAERE
16 MRAREHR. FATTREEB1Z BRI TR
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!ﬁﬁfﬁ?%%%:r

RAM BeFl W ApkE g =2 " 0 00

HHEERKRRER T E4RE/NY RAM G5, FREJRESE]: A2 8B E—NK
PR RAM BEFIWE? BEA& T EXAE

mﬂ 1 >."\dd[
BESN DI 1024x8 DO KBS
bl RAM o
SRR |,

EEFTREY RAM REBITT 2 8192 MU R, & 8N4 h—4A, 34505 1024
NMA. B 219 10 KITHEER 1024, FriAdisbmdts 10 MaAm . RERIEEE 8 7
HEHER N IRF] 8 AR BEs HHi o

MBI RTE, X4 RAM SR REARDY 1024 D75, BREFLL—PMHBEIK
BT 1024 NEBFE, TSRS B AR AT DUFIR 1 iR (CREAR B ).

1024 FHIEFEFEFRN 1 TF 5 (kilobyte ), 1K iIXFFRIE ARG Z SR VTFSRA .
HAErETE kilo (JRTAHEC khilioi, FE 1000), EHEAELAHRZHAE, tin 1
TF5( kilogram )AEZE 1000 % (grams); 1 T¥(kilometer )fLFZE 1000 #( meter ),
BRARME, XEARMN 1 TFTHREKE 1024 N7 H5—HIE 1000 M7,

EAZ FARMRARNET A AZRET 10 NEOHHEERSZ, MiFEIRAR
RET 2 WENHEAZ, CIZRRARE. than 10 {954 10, 100, 1000, 10000,
100000 %, T 2 OREN 2. 4. 8. 16, 32, 64 %, HATATLAUEIANETE—X 84 a f b
#1310 U a IKFES 2 B9 b IKEHEFE .

BRMRr e WAEF B NEE . SN0, 1000 408 1024, FAECEL
ISR T LT ARRXFISC RN “AE T, XERATTUE RN R ER:

zloz 103

XAMFRBERFFIETTORR, BHEIENEXETRA 2 WHEKFEMN 10 HEKHE LA
%o WA AX—T0E LRI ERAE 1024 DFHHIEEZ R 1 TFIkRER.
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~ BB —REE TN REGWENEE

FTEHAUREN KB XFEERATATCUHRTER LR RAM BESIGFAEEE 1N
1024 ANF, WATAER 1KB.

# R BEIA N 1KB 1 RAM B3 K77 AERE 10 1000 =45, ‘BB R KT 1000 45,
R 1024 MY, T T AR R R o sdE, BOTTLAER “1 KB” "8 “1
T4 XPFEARER TR,

FiEARED IKB KM R b 8 MER IR . 8 NMEURHIHIRT 10 MR
Bk, T XEFIRA 10 MR RRIFRAERR, BrElXih RAM FE5I7E6E
HERA 2UANFY, MREOTEM &ML, eRFESRETRFERNBIRF. TH
RIARFR T A RIEEERE.

1KB=1024B=2""B=~10’B
2KB=2048B=2"B
4KB=4096B=2"B
8KB=8192B=2"B
16KB=16,384 B=2"B
32KB=32,768 B=2"B
64KB=65,536 B=2'°B
128KB=131,072B=2""B
256 KB =262,144B=2""B
512KB=524,288 B=2"B
1,024 KB =1,048,576 B=2"B=~ 10° B

HEERAN—BERECERLL 2 MR RS,
AR 1024 MFHRYLBEAT 1 KB, HEFEHE, HAHE 1024 KB Sfk0 1 kT

¥ (megabyte, FHECH mega BHKEZ N ), FTHEELEE N MB, FHXNIF&
T IRFEF R KA RSN R,

IMB=1,048576B=2"B=~10°B
2MB=2,097,1528B=2""8
4MB=4,194304 B=2"8B
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e "f’??’.ﬁ%ﬁ”

8 MB=87388,608 B=2B

16 MB=16,777,216B=2"B
32MB=33,554,432B=2"B

64 MB = 67,108,864 B=2°B

128 MB=134,217,728B=2"8

256 MB = 268,435,456 B=2""B

512 MB =536,870912B=2"B

1,024 MB = 1,073,741,824 B=2"R=~ 10’ B

RS gipa BREE K, 1024 MB WEAEIFHE SRR 1 &5 (gigabyte) 7777, &5
5} GB,

FIEE, 1 AFEY (terabyte, teras HIHEEENEAN) For 2°MNFH (454 107),
kR 1,099,511,627, 776 NFHT, KFWHRMEE N TB,

1 KB LK 1000 AFT, 1 MB ALY 100 AAFET, 1 GBIERLN 101240FY, 1
TBELH 1 FIZAFH,

Lt TB R B SRR T -—RRIRDEH, thin 2° NFEHERA L HFET (petabyte ),
HHEHFRE 1,125,899,906,842,624 DY, #&ET—T 7512, B 10" ¥, | L5
(exabyte ) 8% 24 F 4, LR 1,152,921,504,606,846,976 I~ F 35, £57 100 Fiff1 3 &
77, Bl 10"

B RANE BT R A IR, A SACHIN (1999 ), RHBLRORYEMHE
HIAE &N 32 MB. 64 MB 8% 128 MB (h TR, XEAFEMBREAL REER
X EHSRHUEMN G, FERIUURE S RAM), B HE AT AB RIS ISR /N Bl A
33,554,432 NEY . 67,108,864 NFHTHI 134,217,728 ANFEH,

G T BRMARSTHA RN - K. thin, RHRBRERDNNRES 65,536
FH, BATEW “RIVE 64 K GXIERATAERTE 1980 SR BN )" Kb EBRG RN
RNy 33,554 432 =, BAISH “BOR 32M", AONBRE R T 1,073,741,824 7
WHINAE, MIIEFSH “RIOTRLET G 1 (CARSXEENE SRR S ARIR
R T F—T've ot a gig )"
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T A5 RESHMNRFHARORS

A AT RE S AR s E bt Ry (R R AR FET ), X IERDBIEN.
YBEAVHEL RATAERRAOASCIEET, (B% EAREF I EmIEtu s (SRR T
W IEF IR 8 BRI ). H—ME T RINSLE MBI TF R,
SRR R REEEER, REGYTHEE S HIT RSP (kbps) Bk
FrfgR) (mbps) XEEAIE. Blgn, —6 56K RIAHIARRRS RN HBIRA R E ) 56
THREE, AR 56 TFHEY.

BRABNCEZIMTHEEZT AR/ RAM FEF, BT R4S XA RBERA T
o BRBMATCEMELT T H RN 65,536 ZHHIAHHRAL, W TETR.

WA N s ddr

BESA —vnp oK DO TEDmimgih

RAM

S5HMEwm _ w

FH AT RN 64 KB ) RAM 517 TidE 32 KB Bk 128 KB? A4 65,536 &—>
2K, FERCHRERIERELR 2'°, X4 RAM FEFEERR 16 AF0bi . HaiEi,
ZHHAA TR 2 NETRR. B e N #FIRLE 0000h ~ FFFFh,

KATHEBIZZIT, 64 KB IR 1980 £ AR ERE S, HERFRER
R ARAKER R A . FRATRT A4k i 28 R A i — SR N7 B AWAEGIARIX 2. 7F
BAVERTIO R, TS o MEREE, M F 64Kx8 ) RAM FEFIRE
/D 500 JT kLRS!

R — R R EARCR MBI A TE B X e 64KB R IR F— BIE S 5IEM
R, RS EWHA T . EXEEEHER L, A 16 MrocATEets, 14 8
AR EHERMAN 8 LR, ERERtH - MIIOORER, 8 MTIEARE R
8 i, X AEHIEAR TR,

IERS TRARIFRBESN 0 Hbha THA—MRIUSEHR (takeover ) #IFF
I, EXATFRME R A E H i T AR 2 NI AT YR A H A FE B SR Bl B A% . an
REM A EGER T SEREBRERN RS, SNERRE 0 (WEFR), WS
AR RARE, HHER ERORATOCE NREMAIER; HisfnE | N, 54
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16 FRRER T

A EHAR G X A7 RS B HIRE /T

64KB RAMM 2§ %

L f\r‘. A A B A @
0L T000000000007

A A A Ap AG A Ay Ay AL A

1 . =~ N I~
P00e0e
9@ 8 U ﬁ \@ & )
- B, D D, D, Dy D, D, ) eﬁ’
P N T TN AN N N SRER g ]
EC.SIE- RS RIS RINT SINT RIS TR Y
N S NN NN AN N

IXFHDDRE AT DA —2E 2-1 R ERES R I, fraf - TR, BRITER 25 21 &
Ba—HBAEE 16 Mt g, 8 MURRN R, UK 1 N ERER. BEITE
Fﬁ/;ﬁo

Y Em T CHITRY, RAM BR5ilfuitbibs . BdRMANSBRIERIOEdE £ MR T
SNEMES, WRURTE 2-1 SRRESNA FARBMANGS; Ut xie, RAM ESIK
Hudibss . B RIS B B BERIR TR AT SR BRIE S . HR% RAM &
SR E SEB AR 8 /MR L ek H A rTBEROHT

BERER RESN BURA 2540 FF%

y IRVIRG ERVERY

%i:”L

S 254~ 2- 1R

8T

16 M Addr

64Kx8  DO[s

E— |2 RAM

W

\ 4

BEwH
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T AR~ AR AKRRRENRE

T H XIS R IS 64K x8 RAM A (B S5 AT ,

HYEK

I

"ESA 4K x8 DOEED MY
IO QM
HitN v

MU

YR IT XHIA R, I HRE 16 AN Hba T, TTLLSERE 65,536 MR- A,
KTt R A R ZObA R A SRR 8RB, BTN 8 A 8dEIE ot A
Fa, RENSHRERE 1, WE8RES N S,

64K xB (1] RAM BEFI Rl EARGR -4 S ROWaR I, 2 H LU 1708 65,536
A 8 A EREH DT E—A . SN, R aRmnt R TEA £
e BERARGI B R Lo B - — - SOk AT DUR B H 0 A7 6
BT BRI BR S A T4

KT THERA MO HEREN S, MERSRITE. 38 1 En
f#., B NATZETOBSRFEE, HESAEHAMFRT YRG5
B, FAR, MERRGHRIAE MRS S I mERE K. REMSHREE, W
WRES L LR A i, kTR T R

— AR 65,536 FTBHEEN 04 Kx8 RAM FEF, WREHHIE, 2K
Hett 2B BSRRTA AR R i A R T A A, BEE BT M—F,
SBFHBEEA, FraSR SRR AME RS, RAM IEE0BEER? S
R Bl 7 S e b,

EE i, BEVLA AR D B R (volatile) 77RARR. AT BRAEARAM
B LK, DA FMSTREEENRR,

214



H sh# 1k

BAIAKINAIERE N SEARME < R, BASRATEERAH L8N,
HA B WA, BATERAAER TIE. 0D LIRS SR Qs —- -4
A BRI —- - DL 3 TAERIE Sk BRIRHIR- S8t T RlE -, e & 0L
BERE T PRI A1) Lo pho ISIRHIARA MK b, B ACNIHRE S TR Haissi &
B, BAM 2 BEREX BB BRI SN Z —8 T .

Retd, BAAATRARED A H S BRI A XEBRMEF SRR
fodt vk, RbrsoREMINMER R Habll, Sk RAEMDIER. B2, 4w
B T ROBLAR AR 93T 2, BB PR ARBRF A BEAI DN . Sk aLIREI R, i
HSC B RS AOTR 2 AIRE SR AT A NS S5 sk R R A ) o

YR, BEEVLSR LSRN, REMEE R, Bt gL
SRR R R . B an RS 25 7R Y, XthRANEZ, BFA
SAFIER. A, BRIISBBERAR, HERE, ZEHMASHTHRR—E
RIBEAEIT 2R BT R T el & . EREHEEL, AXERARERITE
SWrHE— LR, ROTATBRE D EAL (Computer ).

MMZEA TS 14 EOHEA IO — A, XM RARINER A 8 gty



i

""“‘Fﬁﬂ—ﬂ%%&ﬁiﬂiﬁﬁ#ﬁ}% #9iE

£, FTX 8 MTRIBASIRETEARM, THEHFHE,

MEHAIDLEH, 8 fr81FasFl R 28R R1T 8 AR, A IRER, BT
B TESTREN RPN ELTETS 0, KRB TIOENE— M. kR
AR MBI 0 FEATRM, FHAAMNERSRERANETE
—HE o BRI R LAEX MR, RS AREETRUETRE.
MBI E AN, ESHEE S5E 2F BRI E— oM. B
AT, BT ABAEMNESRFEASESD, HEITBRERXNMER . BdX
TR, LGE— BRI BRETE R B, IR T RAE— MR 8 M

BIEE KT 255 k.
IS
i
A B

sfrhnikEs 1 4:
S ———
J\“l =
L./.,m Cly HETFS Clk ....___.(/..J
wE poO A

ﬁ

18
S5 14 ERTARRXPEEES, BRUOERHE 7 —FriFss, R0 AR (level
triggered ) M. TERFAURIIBIFRT, N THRESRELFENPRNRESLE 1, K5
EEN 0, YRS 1 B, SIFFESRBERm A AT B, XS iEafims)
BB, 7558 14 ERERENENR TiiEA (edge-triggered ) FIBIFES, XFH
TS FERTEME M 0 BVEEN | WBRIEORFEIE .. AR SRS S HE M S T H,
B R A B R BIROATA fil Ak ss R i AR i o

PSR BN AN FML B NS (accumulator ), FEAREME K EE RNy

b 216



17 AmRET

MU R RN, BlFRYEPFROMAE, RiE—NE FEMT M
EEREER

RBR, FEMERFEE —MRARBREG: RINEHE 100 N HEEBUNER,
YR FRAL T IEaS R0, H DR AT A RS0 RINER . BESI/RET 5T,
HEPHPARN S T, MRARES -BRERIIE.

BR, th¥Fifieat, ER—FHAMER T R2 500 T4k a#EE T —1 64 KB
) RAM 31, BRibz sb, B TRIE—MeHESoER R B H B EA 1L, HSErE
il ( Takeover, HEFHHAR “BE”) dITXa, BTSRRI ICRESR RAM 5
HIRS. TR 64 KB RAM [F3ILEHE

IRAEX 100 " HHIEHRA R RAM BEFI IR EERMAR NS Y, —~BFRE
BR—RBHE, BN IIFS2TR8E5E%.

EHIEHR

4k l?> Addr

ARWA “1::>D1 64K x8 DO :>5 $ER L
RAM

EA — W

DRI A TR ELAE TR O PR R AT+ RAM R8I RN B INSFEREEE R . TRIESR, RAM
EEFIRORT (S 5 FTLABUINER S 0T % TRt AR, A—A 16 (rR9THEES (thin
FAME 14 EAGERAM ) BLATLAESH] RAM BEFIRIMIEE S o TEXNEEEH, RAM [ES)
HEIERA RS IERERESTUAAEE. BRURREERL BN,

217 4



T_gg:nsmmmmwﬁmg

LM%

wEa Clk

16flri 64Kx8
) it M T A Y Doﬂ

—»| Clr

!si

n

!
I b =

Ol s #LTE AR
- ens e s il (_!F

no

Mk, IHEFARESEPENR G TR BES., BETS, SAEHGHEN
¥ XFHEER, HRRBUTES TR A AT 16 7 TH 3V ERTISH B h onooh . SKRS |4
& RAM B8R PSR TE X . W07 (0] 2L M Bb bl 0000h JT- 448 N —-2H /R AEEE AT Irr R
(7380, IR 100 AN BB 2, B4 R {F 07 0000h ~ 0063 (L 73 fE]H( T iZ i RAM
M AR ITIRE N 00h), SREHE RAM EEIEREHINR < (S Sm
BUR AR EEH RAM 51 T ), FIN®FESHC, o TiX, HATATARE A TR,
MEATH R RER 4R

WBAPRE—TEREFTLIER: MHETIEE KNI, RAM FERIRHb AR
0000h, RAM REFIFIZAE P70 8 (BB RINASSINMARER. Ikafins — MR
#5545 00h, BEDOHASHFAHIE SET TG HEINN SMES— AL 0, 1 Z (AR
HUMRES .. BRAWITE, UNEMESH BN 1 Y, AR L. B
BRIFHINEARTH SR, FR 16 Aot MY 1, 1 RAM BRI T— M $5t, BT
Wi Zia, BREMESE N 0 B 1 B, BUFRSERES—NSERA TR, RN THEEE
Ay 0001h; UtEhEASE T RBER, SRS ATRINSEORIEER, R THEER N
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RN bl T

0002k HaXM s RIERHE.

BHEROR, XHERMT —EBE. B 8n-—- AR, RBasEEagmildng
ERIC AR A FIVA L fF. Rkt oAt A2, fEnd sssibh HRUNE R 280, &
£ L R% A0 A ol Hfthako b 28

EXTHRBEAN- MR HITWENBETE TR, A8 Pital, Frgtin
fefe il %, BA RAM REYIFOR S8 5 AR ER R Ooh, (&I, $RRTILEHE ~ ubsl)
ERER, AR Y HEREAR FEFFh I, {2 BTHIHE (roll over ) ¥ 0000h ( Zikbf

AETEER FF), SN SIS AN CETIECE M L2 T B e s
b

T g A A T bRk = B, TR ki 8 (TR f
HF RAM RS, A s TR b s, it EED RO B E | 2
fLY L S DAES A BRALER S e R/, TR TG 2 PR E e B P SOP
Ik BERRAL B R F VIO BRI A 12w ) 12y ZIA). B M ARG, 16 {u B
M, TR A R R RAMEA] AR BNTFERICINL T o BN, IR N s
DAL, SRR (T R R s B

AR, CCHEHR LG | DBURIE A R R RGN PR AR T L B R KL
LR 3 AR o0 TR R WO P R B sl A Y 50 AT il
M, EHHso T RIE R shE Mk R RREL, TooIEL A MO TR, 10 T2
ELst o0 ) BoR A, H HACE O b ST VLR B b

FrATHR S0 B DDA AR B Bt fr s Ik R R f T 25 R, (R

RARNS 50 KF89T B R AN g, XREASE T AT . e RESARBITE L R (7
il RAM @81 2, ORRIIE, BEAT G @ “90R 15T RAM K4 910 TH42 SRl TETAR 4GS sz
R AT FR, Bl L st r4Tm.

BEWEHRA UL L8 S SRR, BRI 2 0 B A7 B 0 H i L 42

B RAM S BEE A , ZAESL AT AR R RS 08 RAM SR E, AR,

AR
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- RE—REATENEEGTRNES

Clr
16fir it 48R
Clk

THRIER

¥

A dd{
64Kx8

B¢ }

M_::fz z{ RAM 1;} F:

Bf‘ by ﬁ%

. N
i

— Iy ol
SiTEn7FSE
BO
§
FERBmET BN RIS, ERaERGSMESITR, XEENERA

TEBERIPNE RIS F RSB T RN o thsh, BRARITEAE L 6H
I RAM B8RRI, EIHFTEE A AREH RAM BAESHIT .

y

Clk

PERMATEEORRES LE, MEEEEARPISFRRNF—E LK, B
A% B2 SRR E A Bk, AU N —HEFHR R, £
FETCRBEEHHEERNS DN, MEERICEE RAM HFER T 20 HE
R, R AR E R T,

BN, BEFRIVEEN = TR, RENFENEHTRN, REEN=AE
BHATRA FBR—F, FATAT LI X e BURIFAE RAM 5 LL 0000h FFEGH)—@ 28],
XEEEIEAETE RAM BEAI g EEE R N AT R
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17 AIRET

Q000h: | 27h
A2h
18h

— NIRRT
FRTE kb

0004h: | 1Fh
89h

£ =AML R
T RE A

D007h: | 33h
24h
55h

— EEEMPERT
AR kAL

ABHE HXFERERFR —NBAT iR . TR NN E . AR
H—FVSE-NTRE, MAMCHETRINADL, AR MAHEERC,
B g hb 2 e iy, FrRAER AT LAEE HRFE AT N ik, AR T
ZAHERTTANARER, X EARC BT BA TR BB AR R = TR R M
i (REXETRENRESH, BERFERTHFARZEN, BENERRIFE L
P, RERE RSN, EIR RN R 2B R0,

BOFRFEEE T, A AEM TR, THESERRBA ME R 2,
BXFFAZELIM AR, B VHE B sk v X mix.

B DFAAE BRSOV RS RS —E BRI — A, JEH RAM
AN A INE R R INESE 8 A aeh—— bR R EA TR R B AR AT INT
BE, BREEE-DFINFHEITEAB RN, X MRERME (Load ), 5
TABRAEIARER RN (Add) BIRINSSA AL B MRELRE T
Tt REE R H ARt o PONBATREMN— TS BNk (Halt) T
%o

BAUEB R Bl X — 2, DA ESCR B B3 InERS AT iz E vl
KB o
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T SR REmIRNEREARGRR

(1) 1 0000h Heuk AL A DR RANES
(2) #2 0001h Hhb bR A INE] B INsg o
(3) 4 0002h Huht &b A B B inggh.
(4) ERMSFPENAFAER] 0003h HibEAL.
(5) H10004h HiuE AL A NS B Nas.
(6) {8 0005h Huuk &L AN R NS
(7) {ERMEEPRINEFAEE] 0006h HiikAb.
(8) 18 0007h Hbul ALAIPI A DN B R hiss .
(9) % 0008h Rt ALIrIE A 0IE E N
(10 ) #% 0009h HubLALIIM 2 DS R DNEs.
CLU) AU R NI P & 70 2 000Ah bbb,
(12) % Hahhikiseb Tk

FHEE, FRMABINEE FE, FESSDIR - T Tl kR L
0000h Fikd S5 2 VT HESIES . BRI DI a5 SR S0 b O (F A F s bl T N 28 AR s |
R ZEAHM, o RUEts bl b R, (LR G T 17 EHE S D 8 [ L B
BlEIngs, shETEMBPDAME SR TR TR T D8 T, BB FTEHREN
NAEAT , A EAE HobNLESaR 7 EMIE Pk, LIS &E RAM BAHFRIMIAE.

ZAMAT RS | A7 ARASRBOLOLE B RAM BRIV A\ 418K, S A
H B Ini28 (E ST A TR ? BRESEM. X T RAM 4P -8, Bl
HEER BT RRR NS 2O - - R sk AR, RIFRIZl .

VT A BUX RS AL ST A 0k (RE ARG BIVEA WET -1
M7 RAM BESIR, XD RAM RFZANEE- -4 RAM RN E5H]. {Hi21X)> RAM rhfF
B RAFERMGOR, MR e F R, HXbrc Ashniksdxt 84 RAM HiiEE
Hot B —FRRAE . IXBA RAM A[DAS Blsidricd ol “%HE” (884 RAM RE4) Al
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“REE” (B RAM S ), BEMINTF AR,

BMER

g

166 i 4 5%

)| Addr

64Kx8 -

rRAM PO

15

EHIE R
T Adds

64KxR
Mmé>ﬂf RAM
v

17 ESAfET

TS ] -

BAEEHEINREHFN B SNAREBIERERNMPSEREAEE—1 RAM
Bl (Fricsh “8dE”), TS RAM BEFI (bR “Ris” ) WA RBEE RS N .

BAIFEI MR RARCHTH B BIINE AR TR E MUY MR, X RS AR

o WTFAURIRE—MITH,

1] sz}
Load (fN#R) 10h
Store ({#7%) 11h
Add (hnik) 20h
Halt ({£1}) FFh

AT HEEESH=EMERIER BT, REEEIEHEAEN TEANE

RAM &5,

Ehi— T % RAM 5 SEERBUR IIEURER RAM FEFI NS, IRERIL, RS RAM
FEF R B — MDA BB BEE RAM thEg indkak & in®) B inasrh ook, st
NEBEFEBHE RAM R RAN, DA R EANREREE BRI ESE
(instruction code ) BR#E/ERS (operation code, opcode ), Bl HE R ERITHIREFRIE,
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0000h: | 10h

20h

20h

1th

0004h: | 10h

20h

t1h

0007h: | 10h

20h

20h

i1h

000Bh: | FFh

WIRTATR,, BRI B ShINEEERE 8 (L9128 BRI L RAE VAR RAM BESIIURIN, X
REE Save FRSMTHAE, EFEMPD B LABT 8 Soiik=R0fi 2 8 (7 9if7 25t
N, BN T HAT Load 154, ¥iE RAM FEFISIHH AR th EAE R 8 LI BifF=siimAN,
XFEFTT A FRE—A 2-1 EERSEI. SotiEr Babinikasan FERTR.

Brhg 2 T —S A, ERIVAEWHRE T B AN I 8 (A 8dRERK. 16 2
FOTHEER IR RAM BRI BEBIH N . 185, BUE RAM 8IS I N2 8 7 nik
RPITIHRAE, 8 M BUFZRIUEM N AT LUZEUE RAM FESIRIHIE (43T Load FELRT ),
AT PUR ARSI (4 PFT Add $5O0 ), XRMESL TRITRE 2-1 s, @5, 9
T RSB RS H SOR R B NS R, B2 YHAT Save 8O, RN 1 #4dE RAM [

SN

b 224

Load
Add
Add
Store
Load
Add
Store
Load
Add
Add

Srore

Halt



b

Clr

ik

FEB DR RISHFTE X BRAANE S, ENGRNEFES

[T A
ﬁk{f porgrh KB
RHIER
h__:_—;) Helds B8
4K | ;
— Fivill e
—w

B RIER

17 Eiﬁﬁ‘f’ﬁ”‘r‘

sfrinik#E o 1

3y

ol ik
i}
T spems
——

I’

, BUHE 16 AR

“IEehT BINFD BT N, 8 [IBUIERSHY “BTERT BIFD VEZ” N, $dE RAMEE
I “5” (W) BN, 2-1 &EFHFN “BEE (S) A, Eh—SESRAEERT
FH RAM FEF0%H , 140, SAehs RAM R 2 Load 354, FB4. 2-1 SE5R250

“HERRT MIANLAUR 0 (BIEEEEE RAM I ). A UHEREES Store I, Hk
RAM B “B” (W) BIANLIR 1o XEFHMES AT DAl 28R TR & MR & RS,

| F B D ROB DIBE A A EEFTIE RO BRAFRD, ATLALEX A R AR s imi s — NG

58 1 B SR BR R R I — 2D
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TP AR T AREHRNSRHT RGN

H1E A
Load 10h

Store 11h

Add 20h
Subtract ( ¥ ) 21h
Hait FFh

*tF Add #l Subtract fORES, HXHUETBARERNL, BAWRRLLN Coo IR IR
YedSh 21h, R T EUE RAM BAIBORE A pmkaS 2 AT ERUR, H H ikt &
1 250, MBRFRISHIRIE SHT Add 152 TR EARR . Z0X M0 T — M RAHRS I
PR, Cofd S A EBGXMIES . SO FRIHRBREEHE T

BRI R

I S I

‘f ;Sﬁ‘ﬁiﬁ—ﬂjii BRmE
et LS

kS
-
-
w
o
=
=)
Tk

(nL o BRI ik A%

@
V'

BRI BUFEEHE S6h 1 2Ah AHHN, AEEMHEZ 38h, AL TEHHA RAM &
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" AT

Bl tchl (HReERD ) R (B RS SRR

il dhiE
GOD0h: | 10k | Lisad 0000h: | Seh
20h | Add 1AL
2th | Subtrac Tg?
N{I;- Store e HRERFEM

Frh | Hale

Load BESEALZ o, RIDEHIOE B A s6h, IEBRIEsemm BINgsRfE » s6h
55 24N (IR, HD BOho Subtiact BEVEIERGE RAM MY T M8 (38h) Hefilune, 1851

Crhe MINELERI S A 1IN, B B8] Ok, 2k 5 soh HD0S
Clh
b B0
oIl
4l

EEres SR 486, (A F JERDT . 86 42 B A So 351 120
dBE 0 BAB IS EECIRESN B DR SR T AR ST
WL 8 [ VLATRRI IR TR BT s (o RS RLARIT K s i
Pt kA A, MRk T te ol
LB AT S gtk 2, BRI Te (o TR N, L.
76ABh
F232Ch
X Vo (RIS B RA BB b A 7 Y AT 2 T )
ABh

+2Ch
D7h

SRR R AR, BIEFERR:
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T SB—REATENREGEENES

76h
+23h

99h

BEFHRIPZR 99D7h, FAit, MRIFHAHEREA 16 RIS R RAEE ST,
U1 T XA

i £
0000h: | 10h |Load  0000h: | ABh
20h | Add 2Ch
11h | Store ‘_gil{‘iﬁﬁ%ﬁﬁ
10h | Load 76h
20h | Add 23h
1th | Store ‘—Eizfﬁgg%ﬁﬁ
FFh | Halt

ZHLER DTh B A4 0002h, TI45R 99h B {17 B Huik 0005h,

HERIFERT B RS SER R XA, H2 FEGFh B T XMy, R
76ABh F1 236Ch iX P 16 ALIBAIINZE 2,808 7 FEX/MFIFH, X RSk
TR 272 — A

ABh
+6Ch
117h

FEAERIR A AL LS AN R = S AN AR N«
1h
+76h

+23h
9Ah

BIERITTR SR 9A17h,

FATREBHGE B o INEARROHLRE, (2B v LUESHOELT 16 AETRINIERIES? EFR
EHER, BNFEHIMUNEER Pz RERF I R, HiEe

h 228



17 AmRfE T

- !

EN F—SE T HEEERHCIN FTRE 1 187 | USSR R RIFHIRE T,
ZYIF PR N FH A B TFERT (Carry latch ),

AT HEAHNBAES, BRED—NRER, BIOWRZA “#HAINE” (Add with
Carry )o MHAT 8 (BUINEERY, SEFIMR RN Add F85 . INIERSHOEMRANRE 0, B
RS RERIFFR (REEREALASHAR ).

WREXPIAN 16 SIBEHITINEER , B WHREHEMNN Add 15 HBMEF T
BATINREH . PSSR o, THEBA B B Sifratt. HIEMR N
FHBARDNE , EAEFH Add with Carry $84 . TEXFHBOLT, FIANSAR IR ZERIRHA 81
FEsBH A A RSB AN . I, WRE—SRF TERNEEREA A, W
BT @ R Inss; A, M 37 s aIHEE 0.

REHAT 16 BIOREE, WIEFE - MHIES, Bl “MBARIE” (Subtract
and Borrow ). 18%, Subtract 54 FE KRBT BN Mik2SHFH A MNE 1. Ak
HEEAR 1, KR ZHa, B 16 B TREEREN , M Rt
PR, MIHTE —SNE T TRILEEN , SUFRMRAEE RELZE AN M
BN

ZEIMNT Add with Carry I Subtract and Borrow 22 /5, BRIENIEEE T 7 MEER,
RN,

R1ERD X535
Load 10h
Store 11h
Add 20h
Subtract 21h
Add with Carry ( FHZNE) 22h
Subtract with Borrow ( &R ) 23h
Halt FFh

FEBATRIESUE DB R, RN DNAS F IR (R T A T U BB, i
BB A R A RIS . TR, ShATING: . mE . SRR
BEFRE—FMEHE, #UNFESRSRERPN. YPITRESE, St
BINN | HIEE ST I sk A s HRY, 8 Nk =sp0st b NERRE 1 1,
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| MR R A

FEOERR , S YA - 0 I i R # R0 R (R R NIRRT A R e B
Add with Carry $58 728 8 A #sdEfsm N 1. BlL, Wt i 27 Hikangaz
B, A BLlREHEE, BN IZME] Add with Canry % . A T Rul 4R6S0 0 ., (FRIH
=3 16 A IEEHE, AT A

fted L2
G000h: | 1ok | Load ook | ABhK
20h | Add iCh
_|_m | Store o .- ﬁz"‘\ﬁéﬁﬁﬂf*fﬂft
foh | Load “6h

22k | Add with Carey 13h

i , e F4 5 WA A1t
11k | Store k- s 1

b | Hak

T ERERE I L & Tk BRI R .

@O TR N s, PRI LR M R T IDEE RS k. T MR T s
e ST PR = B PN R (RN S VR TTEI SR NN TS TR \vE + B E IVE s SRR A< TR v
oA 2 (0 ety S5 Mg im0 v o8 A0 1O Dl B oS A 2EEL TN

Dos B, N INGEEE T Add RS s F Add with Caney FES Q0T IEIF -

iy SR
ot |0 | oad Gutish: | CDh
It | Add birh
i e EFBERAR A
,}_l‘h,, St o - b AL
1ok | bad 1uh
22 | Add warh Canny Tk
1in Dseone [T | Bk E T W R
| iR | e M T
ioh | Losd K9k
22k | Add with Cany Ash
11k | Seore - ifigiﬁﬁﬁé’ilﬁﬁﬁ
16h | Load “Ah
22h | Add with Carry | 63h
Tth | Srove f—ﬁﬁgﬁﬁ’ﬁlﬁﬁﬁ

FFh | Hal
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Wak, HUXEBKKMNGERFRNR B ML, BEARAHEME IO
XU, TH R X b TR th RSN . BN, 7A892BCDh AB{RTF
HI, BT YRR 0000h, 0003h, 0006h, 0009h 1, ik TAIRFEHER,
A FBEHE 0002h, 0005h, 0008h, 000Bh X/ HaEHIEL

Brtbzah, SR A A SR R U ERE R T P EE M HATE A R
fSBATEXN = 8 IBCRAL REEAREE - 8 MBHRELER, XTHFE
% Load 82, % Add 84, —-4 Subtract #5450 R —% Store 84, BIFEBNEE
FRFNZE R (34 8 B pREE R — MR E 2087 XN RMEREE R ewh
7. BAENEH TR E LR 5,

P R IR R IR EEE-F R A M G 1 2 A RS BT Q1 ROt AR (7
BARIE (TS R . WUFR. FHHEM 0000h FFEATHE, HESTEMERTDIE -2
WA AR B AR L R . BT T % Store 54, MR, WS
AW ERGREN RS, W AR CAEEH B R nss .

Ehgh P EE. FEUAZMEEY I R TR RN IRER B, X
PR U L P AR, (HRER A B0 AR SR MU RyImiksg
“ =] F TR M.

WA bR 2 e, Heie st/ 7 70 BFEN. @A

B Y. RE
L()a(-i——.. N o 7 10h
Store ' 11b
A 20h
Subtract - 21h
" Add with Carry ( ZERTINIE ) 7 2
Subtrac t with Borrow (f&{5755: ) 23h
Halt FFh

B MRERERFSESR S | AFW, IERT Ha BIEHS, BABE—-MES
BSOS H 3 AFWIEE, HhE-AF I RRBA LS, BIMIBRNFIRK
1A 16 frfEfEad ottt , XF Load 84K, FRAFHRARMHEFRIEY
BUE RAM FESI— MRS, ZRTHABINEFERNBE RinsHrF3y, xT
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T AR T RESINIRRRARYRS

Add, Subtract, Add with Carry, Subtract with Borrow &4 3%, ZHuttHEIARIEME BT
FrR 7 R EM RINES N sl Z=H0F T, 3T Store 843k, ZthatHeIARIRE BN

A TSR R B ATE .

Bign, YETINEEISRATREHITHRE B HEEREN R MOR. N THITXMEE,
FER TV ENST BN RAM FEFIFIEEE RAM [E31

]
10h
20h
11h
FFh

0000h: Load

Add

Store

Halt

AECHRI B BN, B&ES (

18
0000h: | 10h
00h
00h
0003h: | 20h
00h
01h
Voveh: | t1h
00h
02h
200%h: | FFh

018
4Ah
Bsh

0000h:

o gRWATEL

BT Halt 5% ) FE 3 /MNMFET,

0000t IE Ak Y
FhnE 2

R MBI B REFH
00023 44 Ak

Halt

F—&E5RE (BT Halt 84 ) FIRFEANTT, FRBERIE RAM M5)H 16 A8
gL, X= A TSR 0000h, 0001h F1 0002h, (B4 TR] LR E b o] FHE

HEo

BT R T faf F Add 2 Add with

Carry F84 R4 16 [ 3—EL 41 76 ABh I

232Ch K, IR SRR R R 77652580 0000h F1 0001h Hbstk, 3PEEF I H#
775 0003h 11 0004h Htk, EHEHIEER 5 BIRFELE 0002h F1 0005h,

B, BATTUAA—MESENTT ARRAXAMRIER AR ERER,
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17 Bahk{E T

AR IR E IR 2IFA IR A B R DO

i
4000h: | 7eh
ABh
4002h: | 23h
2Ch
1004h: — mF PEHERTFREUL
e HFFERFLERTREUAE

X 6 MEERTALG FERP XS EESE &, BT BER 64 KB HiE
RAM FEFIRAERME . AT EXEERm b8, KB RAM B3I HiHE < B AU
FHRKE,

1B

%59

0000h: | 10h | BAOOINEIMBTHRA 1 0p09h: | 10k {000 LI TR RN R0
40h 40h
01h 00h

0003h: | 20h | GUOURELRBTWME | gaoch. [ 21n | Biage e T PRI
40h 40h
02h

LRI P MATRTE40040

0006h: 000Fh: | 11h | jpht4b

0012h: | FFh | ik

FILAESR], RTEFAEHIAE 4001h 70 4003h ALRIBI MEFEWESHITING, HERGF
£ 4005h Huiik4b . BANEEE (5 BIERFFE 4000h F 4002h 4t ) 11 Add with Carry 35
A, HERRAFEHAL 4004h 4. IR EHE Halt 1543 A A RAM FIMAE 245
4, BRI E R DAEn 5| bR 5 b il FECRIBPC R ERUR H 4R .

KR TSR RIS RAM FFIR R B 3 4 8 fuBifrasdi, B 9ifrss
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RFZ 3 FHHESN—EY. B HUESEFHESRBAS, S 9G8R ETD
HEFEY, ESANEREFEELORTEY .. £ MBS A BERAR AR T
# RAM SR 16 Szt .

sfu
o il e
BT R Uik
—w e —Q st ) .__.’_._
I x R R
16fi T 8 s o I
# 64KxH ¢ $ L]
e RAM )
—l UK L it___
:I:}:)Addr o
% {1 ‘;ﬂ\{: UU_s‘__j')ﬂi&
sfudt :
LD { [ i
Uik

WA 8BS HE 4 ML RRFR IS Cinstruction feteh ), FEREA TRV RO DML 28I
B SESHRKER 3 151, EASKMEEENE 1%, MGAES FE
FORTTELR 3 ARSI, BESN, A SOIBROtES RIS o M SR, X2 L
(it B B R

PRSI He & B — R IR R BB AT (execute ) 5, {HIXHA-BE &L
B MHAERKRN, BACARETONIIS I IOE ZM 2. & LIRS
FIHME -7 bR SR GIES, TS| BYLASGT B FRigdr.

FRE, AT FERIEISENE A, RO T aR s, SRR RS,
CRIEHEEHAARTERNE D INLRRN 14, XU T - T-#RA TANSTAAFL 1.1
BRAEN, EREHR “XTERAERBNTE". @5 LHORRAER, Rial THL#ER
BAAE, WRMAHHEZHHRL, BEEEX.

R A gk AR IS X FRBRAGTE, BB, BT od KB K RAM BESIMIAL 11
Ber R T HASY . BX E RN B XEES T, HEMN AR S LR E
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LS E_l,?ri;mfgqm_

—A~ 1 KB ROfERERR . ISR aRfE FrE B AR T DL RO 0000h ~ 03FFh oMk 2s Al de,
W2 —NT 64 KB BITERERE AR B FTUARETHL T 1,

HERMAE TR ETREAERM AT 241 RAM 5, B3 |, SR EARE. BiE
AT HR RAM 5, —ADRRAFBEES W, 5 MRS — i i
3 Eah LRSS WAL S T HIERIMEN 3 T kmBamt, 82
A FUEE =7 T R B AR Bl , BRCRCA A B F A I NI ) RAM [
B, BArE TR RS LLF AL — > RAM RS,

BT, BAIEE - 21 SRR RAENE N RAM BEFIF 4k, EH.
FORTTEIMG 75 SRAH, 360174 16 A i BB R HE k. 25008 RAM eSS AR
HREE 3 MRS, 0 BIFRGEIR SIS R H AN EPERU 16 (bbb, 3L 16 fritihh
HHARHIR 2.1 RIS TR, MRS, TS SRR AT A RAM [
Yl 5 A

S—— T |
sfy
:§>ﬁﬁ3 3;:‘> ey
o aIm Lk
1l *
W uk )
r 1 8
g ML [T Air DolE j}”gﬂ 3
64KxR
T:> —Eym RAM i
B .
W
—_Qt! B [ —{ IL,;'T—
'}— b ey
~_"‘,> ’,!8%! i
ik

BMNE S FRBH T A 08, WAETLUUERERS TR EBIEREER- -4
RAM BEFUH. g, AR T AME R A 8 G280, RGNS R P ERE - 8 il
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T A RESHRASEI R SER

0000h: | 10h | 1E00ICRIBHEARMIF WA

gnua
00h
t0h
20h 42001 tnbHEAL K F A N E
< Shn#
20h
tth
11h | AR T E001 2004t
= ARFEY
00h
12h
m%m#*a‘lfﬂ@ﬁéﬁ
11h | #oo13ntb 4t
00h

13h
000Ch:| Frh | L

0010h: | 45h
A%h
8th

F’ BRNERRIFEMA

WHE, 52 M 0000h TFEAFFR, X2E A YIRS E G M Z A E 5] RAM B8,
B /5 ) Halt $84-77/F 000Ch Mtk FATTLAEX 3 MRERR EINIEH £ R RIFA
RAM FEFIFMEMMaE (Y4RXAFERITIAN 13 ANFY, ERE 122 RRARIEE
184 ), FrUATRATERERAEM 0010h Mt FF AR MR IFIRIER

BRI R R T EE RO R EINBEANE, R AR — 25w
L ISR ES, BEMTRABEXAM. SerRERRTARES it
HEEEIN—LEE RS . SE— P ERUINBLEIE 000Ch Mtk 4bH) Halt 384845 —4> Load
B4 [BRARFEEMMFESL Add 154, —5& Store 1654, LAR—EHIO Halt 154, M
—MIAEZE, WA 0010h Mt A RTF T —eidE, FEtFERXEREEEIIREN
HnkzsEl, AR T EBBOREERLX S bt 25 (e 4

AT, ERERARIESE R —1 RAM BESI3EAR— A AT HRER A,
BATLEENR, XR—MAREMRROAE, FIAERL— MR EE, 7 450
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17 BEERET

R, thFURSEEREM 0020h HEMETTUGFFBORTIIIE S, FFA 0030h AL 261 HURTHY
BRI

0020h: | 1ok | TE001ShEIEALM FH A B0k
00h
13h
20h & 0030hieht Ak R A0 E B nE

00h

30h
20h | TE003INENEAMF W ME Ra0sE

00k
3th
11h
0h

324

Frp | P

TR NI PR AT RIFE 00320k
UEAk

0030h: | 43h

2Fh

le— RBEFREFETUA

FE, $£—% Load I84FrEAAHEHEY 0013h, XMUBRFERE -RKizHNER,

ST, PSS ORI TS IR A4 THutl 0000h 1 0020h, TGS HRPEACHBH Mot
53 BUEH: T 0010n 1T 0030k, Ffl 1A E1 S/ 2% M 0000n JF 4 BITHT A 464 e i B34
%.

A VBAUEEER 000Ch ALY Halt $54, XEBBREEAHMARBERE. BN
BERAEN, M T AT TR 208 H Halt $84, {RIFAEHHE 000Ch T T ER&
e AR, ERRENR, WIXAMU BTG, s 3 N iukbit: 000Fh,
0012h, 0015h, 0018h, 001Bh LA O001Eh, iXLLbhHR{FHIF T h &8 4 iktaSHak
AbF RE AR —ANFEPRE N 11hGXAE Store 18 MR S KA 22 IR Store

B4R 2 NF BRI A BN Ay 0023k, X & EAM 2087 ERBINS
RE, ML BINBHMNAEBAXN L, fxX Mt E&RF T EEOHEE,
BIfix s B R iR A L A, INEESMTEREESH 001Eh itk 2 BB F— &84 E
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R 002th, AR 0020h, Fi%s b 0020h AR T — &SRS,
HEREE 000Ch HHbALEY Halt 384, TR0 16T SR B EEFAOARDL I Bk

Bk, BATLARL 1 8k dump (BKE ) ORISR EBHR Halt #54 . BN
Bs %,

O REE Hm
Lewd ] 10h
Ste | 1lh

Add 1 20m
(Suktact | 21h
AddwithCany | 7|
| Bubttact with Bewsw | 23h
Cuep CBREEY ] o]
S T T

RS T EBEER R LIG 5 7 RAM 80 g, ump $84SCE TS
R FHE A, BT R AR Y B 0T b SRR A I R ES
(branch ) 4 80# Goto 84, [V "H8%  TH/E".

7r LRI, R ITLUR 1 famp F94 R &K 000Ch bt b Halt 354,

000CH: | 10n | BB R0 0n20nds it AR 60 1E4

30h Bl Jump HAMIRAS HFFRBIA-F TR0 16 A7 HbUERE R BNk RS AT
T — 484 Mokt

HEHAE FTREEEF R, EEDHEER4RM 00000 LT 4R, KA T- % Load $84,
—% Add 154, —% Subtract HEAH1— % Store $54, ZEHIT--%& lump 184, BiEE
Mtk 0020h GEIKKHIT & Load 184, Fidk Add 184, % Store 84, BEHIT
% Halt 84,

Jump 4B AT 16 AR IHATIRE RN, RE A ShEAHAE] Jump
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7. E,@F!FT’“

B4, TSRS Jump FHS/RM0 16 Akt XATLAEL 16 f77H#RE D
RN E RSOTE (Pre) AIEF (Clr) MIAKREH:

Pre
—1p Q—

— bew ol
pck @

XEERAER, FIEENBRIET, Pre F Clr SO AEPRZE 0, HE, ¥4 Pre=1,
Q=1; ¥ Clr=1, Il] Q=0,

WRFAEN MR IR T RRE (A For, Ra&RME), ATRUE TEIRR

k4]
N ) \
. Pre
- ab—
— ik b

HE, BAFESH 0. Y, MeisiBERmA o, FEAGBS R 1 BT,
BEESMN 0, EXMEAT, SUEMSEAILMIES, MAZEMFESHER. 4%
ESN IR, RA KL, WESHANO, BEBRANL; MEA Ko, WHEBA
0, HEFHMANN 1. XRLEEE Q MR EANS A WERKE.

BATEER 16 (IR — A E — RO MUE 8 . — BINE T R MERIME,
THES RS MR E T T

SAT, SORTHRBR BRI R R K. A RAM BERIBUEREIN 16 RHmHE FTIAfF A
21 HEFREE (T FVFHL R RAM RESURTHUILIN ) OB, toFTDAE 16 (312038
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— RE—REET RN KRG T EES

'

BN ESHMIA.
e— Y <
ﬁﬂ’ﬁﬁﬂ
”_‘5> g > 58
bk Cle
v RHES 4
B —»{ci
164
T 2=

G T i a2 [Sov @ ot

—| Uik mﬁﬁ

e Addr DO X [
A . 64Kx8 g ]
IS RAM
ig Gk
— W
Set * wraama'
bl .

8

L EEx
Clk
3

BAR, RE LSS 30b B EEM 16 SR, BATT L FHRE AL

E5H 1,

BREHEE, Jump IHCHRAM. B52A8L, —MERITHEENHI T BERE
LSHEMAR, XFME4F BBk (Conditional Jump ). thiF 8% 4 EBWNRL
TR AL BRI IR AT 8 M BIWRIEIEH Y Blin, FA T
FH BaINEERREIR ATh 55 1Ch ABSRIXFP{E Bz B I 45 R0 7

XHSRFE A, PIA 8 MIEARRAR— 16 (78, AT HERN, EEREEHR
PR 3 BTN 16 fill. P HE ERRBASRBRFRT 2015 .
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17 a=mRE-T—

1000h: | Doh | 16RRERITTEUCAL
A7h
1002h: | O0h | 16MEMMRRRTFEMA
1Ch
1004h: | O0h 4—16{
Qith |e—

FRBRIEER
SKMFHET

KRFEFFIE ATh F1 1Ch AL R (BIH3EHIR0 28 ) FIHE 28 > A7h BINAY4LE FAH
[Fo BRI RAFFERIYE 1004h F1 1005h FIFZF5 5505 R BIER . TRER T T8 A7h
nEZHtk,

0000h: | 10h %fg%@k&mi#m 0009h: | 10k gfqﬁ%&éé&ﬂm$ﬁ
10h 10h
ps5h 04h

0003h: | 20n | [GAOUMEHANFEIA | oooch: [ 2o | BATSRNAT ©
10h 10h
01h 00h

oooeh: | 11h | HRIBENRERE ao00Fh: | 11n | HRLETHASRE
10h
04h
00i2h: |

WX 6 KIGSPITREZ T, 770555 1004h F1 1005h HnRAFHY 16 £35S ATh FRbA

ML RARE. Bk, X THEERTZMIEEST ATh 5 1Ch MRMLER, FiEX 6
%?E BREPIT 27 Ko ATEELXABR, FILATE 0012h il FFIATEX 6 SK384EL:
BIN 27 K BEIDATE 0012h AR7F—A Halt 154, REHE A@ESHE 28 KIBEIRK
R,

Wk XA REARBREE, EIRBERFMESHFZROBINEE: @A
—RABSRERERENE, MESNREESTRE. KRURELSBEERXMS
RRHAAT 16 MBFRIEEER .
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{BAnRAERHE 0012h AR —5%& Jump $84-SERER? XSS R EESHRMN
0000h £-FF 35150

0012h: | 30h | ¥ F 0000l MTE4S

00h

(0h

XMER - ATIWTT L. B KBITERS 2 G, T2 1004h F1 1005h
HitkF) 16 fZ8E T A7h € 1, RIS Jump 3846 T RIS NEMERS TRBH BT, 5
THRPATIRA TG, Z 16 NG T AThE 2, BREHERTUET ATh3E 1Ch, BE, X
AERBRASEIETR, ES-EREPITT .

BATFERRZAE R Jump 184, BFUER DI EEE R TR ERIRE, xXFiE
PRRAEBIEES, ARSI, B, BEMNE—SRMIN A S8
FR MUY 1 (2B RS, 2B BRI T DS (Zero latch), iXRIHNAE Y 8 (7 nik
AR 2 A0 0 I, EBUFREA S 1.

8fi bk 88

Clr

DI DO

b

—pClk

CH4h
BFSh

Bk IR0 1 ME— S R EATAIMA SN 0. 57 M RIR SN
—F, HFE Y Add. Subtract. Add with Carry. Subtract with Borrow X354 TH,
TYHEB[AUE | M, ZBOREFRREN (Zero flag). HE, TRU—FMUIFEEM
REOGRLIER: Snkssmteh o, FTHREMET 1, YINEHRNRHALN
0/t, TAREMNET 0o

AT HUBFRMTUERUG, BATTLOIES T 4 K54
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JLEE’?%I’ET

#1ERD SE
Load 10h
Store 11h
Add 20h
Subtract 21h
Add with Carry 22h
Subtract with Borrow 23h
Jump 30h
Jump If Zero ( E#3%) 31h
Jump If Carry ( $HOI¥ER ) 32h
Jump If Not Zero ( JEZHFE ) 33h
Jump If Not Carry ( FTiH {748 ) 34h
Halt FFh

Bilgn, JEFHEHES (Jump If Not Zero ) AT Y3005 0 WA BkE: Bl
R, e, @R E—PRING, Bk, #hk . KEEMIRESERENER
A0 B, BASKENE. ITERXME, AREEERREGSNEGES 2
Bm—Ma8E5: RE4 2 Jump If Not Zero, B2 AAGY4ZThrEARE 0#F, 16 7t

AL

NI 0012h Hihik 2 RS RIS BARSRAT FE 0 LR A 4.

0012h:

001 5h:

0018h:

001Bh:

D01Eh:

10h

10h

03h

20h

00h

1Eh

1th

10h

03h

33h

00h

O0h

Frh

¥ 1003ndb itk AL B A R A R s

#0011 Ende k&b 8 F 1 0 E R0

£ R 22 M RS R T E 10030t 4k

MRFHEMR S0, NHBE 0000038
b1 1
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B—KIERZIE, R THik 0004h F11 0005h 408 16 A7 3% T ATh 5 1 OFRAR, 3XAN
AR IHAERF . 7 LM, Hiik 1003h ARF 15T Load 8 BABI B 088, ZF
/& 1Ch, EXMAT 001Eh Mt F ARG, 1A4FBEIREZ Halt $54, HRXE—1
BN FFh 5 1Ch AL R EM 1Ch 2 1 SRR, #B2 1Bh, HRXA
BAFET 0, FTATHRENLR 0, 1Bh XSRS/ S 1003h #hbt, T—&FEHIITHH
4J& Jump If Not Zero, ZWrEMREE N 1, Hitb R 4AEBE: ., T REHITH B
F 0000h Hihk

TELERE, Store HE S AR BAREN HIE . R H Add.Subtract,Add with Carry.
Subtract with Borrow iX2e454- A GEEM TARENHE, A ERESBI AT R EE
AP B HEA R

Z IR IEFAG, 1004k F1 1005h HusbFT R 700 16 ST ATh 5 2 B9FEF. 1Bh
5 FFh (ORI T 1Ah, A0, BELERGE BB TEHAT o

LHATEISE 28 RIEFRET, 1004h F1 1005h HoitERTFHY 16 2505 T A7h F 1Ch FOFE
o 1003h HoBERFRIER 1, EM FFhAHMMERRE 0, HEESREMBEN! Jump If
Not Zero ¥4 F < FBEEE E] 0000h bk, AR, T £ EHITHIHESE Halt $54 . 3XH¥,
BATRTER T2 TAE,

PP ART S, FATT— B 5T 01X 48 B A 4 B O AL 25 8 S R AR AR S TS
(computer ), MR, BEREL, BERR-EHENITENL. £BkERSEE S5
PAERTHAINIE RS X AT R, fe R isH EE BAFek & 183F (looping ) 2 THHA ( computer )
ANTH5AR ( caleulator ) I A o 53X BB T 2 A A A0 FH A ARk ST AN SR IKZ
PS5 Bk PTG TR AN IR TRE R . TH, XAUUERT 8 8%, ErTeix
16 iz, 24 6z, 32 67, HEEFESMOBHITM. B, . BREHE. MH, BARTRETHRX
R, 2T, B . = fREEFEE b AL,

BEARBAESRE 7G5, F T AR RN T,

BATEER KT ENBE T H = 1HENL (digital computer ), K hE HANRES S,
2R —FERE S T EAL (analog computer ), HIAECLEE DT . (BEZEIERLE
BEAEE, BIXEEEE B ERE,;, EUROEESESN, FFHABANIEKIE
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17 AR T

FiE. )

—EHFIUENEER 4 oK. A4FES (processor ). [7fiE#F (memory ), E/D
—ANEN (input ) FEFT—AHH (output ) 75, FATREM TR, 7452 64 KB
#J RAM [E%1], Sy AR89 B2 RAM BEFI P HIEAR R SR, X oA
STRFT AU TR SR A SdE, AR EERESR

BT Eid 3 M 2 SNOE MR R AR T AR . ARt RV Eh bR Bt
( central processing unit ) Bi# CPU, BRI BEHFRIETIEN I AM, (EASCHE 8
A XA, BATRMIFTE TSRS LR AR (4R, Rt ss X M
FFEEERE, CR—MIEE/NAEESS, FILAESARE 18 B EINERRMEEE. H
AEE R 4k B RS A LA I AT AR B BV 1),

AR EERS ) 8 frAbEEAS, RINSFHITRY 8 7, M EAEST BUREEKAE 8
PSR, WE— 16 (U BHRIEREE RAM RESIRGIINEERE . RZ0ERE IR AT 8 [ B8R
(I, fFESARREZHMAE 256 7, AR 65536 717, XSRS X
BIfRAHIBR o

IR IEE T A, 2B BMSHEREA A, BRE - MERiFsE, A
FRAAFAEFRER PN T4 BAE . RNV EN IR, 8 ARAHREAN 8 Arinikss—i
IR T B AP TT (Arithmetic Logic Unit), B ALU, % ALU REEHITEARE, &
FERRINEFREER . EEMERTRENT (RITISAEFENEDTEER), ALUK
A T2EER, than “5” (AND), “sk” (OR), “Rsk” (XOR) %, 16 fHITHE
FARMHAEFTHEES (PC, Program Counter ),

BATRHENLZ thgkias . Bk, ¢, DARATIMETRR, XS RPEAR R
# (hardware )o 52X, #ABIFMEF RO SMEBEBIMEHE (software )s ZFT
PATE “BE” BURT “H7, REENTEREATS, BSMBUEERBER.

HRNWEHENGURGATIHER, “BE” XMAJLVES “HEVER” (computer
program ), Bt “F2/F” (program ) FARIERFE XK, REKEHLHATHEVEF KT
( computer programming )o A 18— S 1 ETHEN IR A BARIRI S st 2 73
GRELIg e
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WE, ErEVREFTR, RORBERR (BESAS) mEdE (BIREEAEN
B X, EAENEIIZRNFHEBARRAE, thin Hat 35< (FFh) 5URAH BIR
Theg, BT fERRIBN FoRE IR TIMNERERE A1,

HEHREF& AR B LRE1CES (writing code ), H4788 ( coding ), WFH#RE
HEWE: “REMEAESERL, “B—ETASKE L, Bl TRETRE", 1HH
BFig it A AAE N SRR 5 (coders ), REFEATEIAIXE MBS, 2
B AR ERANARM R THEIF” (software engineers ),

REM BRSSO 1ERS (EE2n Load $8-4A0 Store $8-4HIHAES 100 A1 11h), i
#1285 (machine codes), EHEHES (machine language ), THEANAENSTRMEFIN S 1128
15, HIREMALRBESESZXMUN, HXBEERT 587 ke,

—HEPK, B RRKAEER S AV Bd TS, than Add with Carry
Y. BEME, YISHEHER M NMEERIR, ISR EHASTRER,
B 2 3ANTH. TEZE R LR FEVABGERS R B S SR Be R .

(e RE3 BNiRfF

Load ( fn#) 10h LOD
Store ( /7% ) 11h STO
Add (hnik) 20h ADD
Subtract (HE) 21h SUB
Add with Carry (7N ) 22h ADC
Subtract with Borrow (&7 ) 23h SBB
Jump (¥#%) 30h IMP
Jump If Zero ( 5552 ) 31h Jz

Jump If Carry ( {75678 ) 32h iC

Jump If Not Zero ( IEZHERE) 33h NC

Jump If Not Carry ( o (74685 ) 34h JNC
Halt FFh HLT

LXEBIAR SRS —WEESE S AN, HEREMRE. i, NFXF—4%
KB4 “IE 10030 MR F T INEB R ngE", AT TRk 078K,

LOD A, [1003h]
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|

ST BICRFA MR A FI[1003h]#7 A58 (argument ), ‘BEfi121X4 Load #541IH##{E
R, BRAMES AR, B RIERERN BER (destination ) #IER (A REBEMES ),
BINRRIEBFR AU (source ) B1ERL, S “[17 REHZEMEZ BRMNZFHAE 1003k
XAEUE, MM T sk 1003h FEUE. '

EUY, 354 “IC 001Eh Mk Bl RN, AIUARSE N

ADD A, [0010Eh]

g4 “EREISRONAERTZD 10030 #it”, FIES5H:

STO [1003hj, A

&, F FEREY], BAREIER (Store FEATEAEMERSHIOAIE ) REEASH ,
IRRERUEA D . XBPE T R INESHH N B AT RF B T 2310 1003h Hodik, “ans
ThrEM AR 1 WEkEEE] 0000h HikkAL” XANTURKBSIERI AT UARIBA R R A .

JNZ 0000h

HE, XERAFRAES, XEERNBFESSEERII IR 0000h, fIAER
77T 0000h HoHk{E, ED 0000h Huhkik 2 BiEs 54 HHVERG

A4 5T RS BRIEN, BRALEXMAER TS LA E8R A RIGUFFIH
TIAHEH RS Ao EEN. BEE—N T ftsitatEEmn—185, "Rk
RENESRFER N et 258, Fln.

0000h: LOD A, [1005h]

THEERRR T BT E i SRR AE T O

1000h: 00h, A7h
1002h: 00h, 1Ch
1004h: 00h, 00h

FATRREAEEET, FENANEPHBREUNESS TN, ERRE—NETRE
AN, E-AFWREEZBIER T Mt = Eh, FER=4F
HEHT TERAXFIERD:

1000h: 00h, A7h, 00h, 1Ch, 00h, 0OOh
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T RE—REATENREGEEMNES

Bt b HERIREREF A LA I T — RSB ARER

0000h: LOD A, [1005h]
ADD A, [1001h]
STO [1005h], A

LOD A, [1004h]
ADC A, [1000h]
STO [1004h], A

LOD A, [1003h]
ADD A, [00lEh]
STO (1003h], A

JNC 0000h
001Eh: HLT
1000h: 00h, A7h
1002h: 00h, 1Ch
1004h: 00h, 00Oh

AT R MUR N T A5 ER BER T

TEgBORT BT AR R F ek, ERBITEAERN, fl, mREERE
CRIFTETFHEZRHT 2000 ~ 2005h Mtk (A, RERERFHER LR EXEE, FiF
S (label ) RAFRAF MR SRR MRSF L. XEARS R —SH RN HIAE, &
EXRPBRNTERE, FEORETTRER:

BEGIN: LOD A, [RESULT + 1]

ADD A, [NUML + 1]
STO [RESULT + 1], A

LOD A, [RESULT]
ADC A, [NUM1]

STO [RESULT], A
LOD A, [NUM2 + 1]
ADD A, [NEG1]

STO [NUM2 + 1], A

JNZ BEGIN
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NEG1: HLT

NUM1 : 00h, A7h
NUM2 : 00h, 1Ch
RESULT: 00h, 00h

ERE, NUMI, NUM2, RESULT XRS5 &2 I8 F e R ERANFZ R8T,
1EXEEA T, NUM1+1, NUM2+1 1 RESULT+1 4> B3R5 NUMI1, NUM2, RESULT
ERE_ANFEY, EE, NEGI (negative one ) FI3EARIC HLT 54

&IE, MRRAIRECXEEURRTPER, ML UEZEDEENER
(comment ), ;XEEREATUUHEAIA LM BRES KRR, Radd 55 5EFEULRIT.

BEGIN: LOD A, [RESULT + 1]

ADD A, [NUMl + 1] ; RFA A0
STO [RESULT + 1], A

LOD A, [RESULT]

ADC A, [NUM1] : B TAm
STO [RESULT], A

LOD A, [NUM2 + 1]
ADD A, [NEGL] : BOAERL
STO [NUM2 + 11, A

JNZ BEGIN

NEG1: HLT

NUML : 00h, A7h
NUM2 : 00h, 1Ch
RESULT: 00h, 00h

XHEGHPE M REAREFSIHES, HOUIL4ES (assembly language ). T2
LEFHNERE SRS NN FHRAN —ME &k RFRCARS e, A
TN BESRENFES MLHES, XEEANEITEN E—MES AR R =,
BH—&KILEEN N EV SRS PR EFET.

WARFROTAR TR BN GRS, IEA TR e BB R A 408 = k4
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o R —REA T ENREAEEES

5 (AL EREERFLRAESEIEHEI TR, FFEETINHRILR:
XBERE BEE— KBRS DN RREES, XIPREER LRFE, 5%
W2 JE, ATEREIIE XA A E] RAM B3 BT EET, it itE
PIPATIX RS

STEAHENRFETARS, MZRETH “HR” (bug) ZAMARE, LR
HMERBN—RIERAVSREE —RIFEE D HEN. A MERNRERCE S
BAPT, WRMBEOR - MESRBEIE, BRAERR? YIRESHA 100 (Load
HE4 ) IR, AN T 11h (Store 184, SERIVE SR : WIZIOSERSRVIZ N,
i Btk R REEE 2 R Inas rh i P A B

—BHRATESBEEARINSR . BIRIREEA Jump 15 SBE R Dbk, Wizt
W BE AR SENIES, RERBRRA Store TR T HhiE4, 2B HER
At RE (MHESEERE).

BZE FPARREETHRAAE MR MRRIEEFPITHR, FREI0E
£ ATh 5 256 HEEMGR, HARFSTXNMEEREE—REENEFRM. XEHN
FRRFPAT R 25, 1003h bk SRAFHOBUERE 0, Y458 —RPGTH, FFh 53XA4 0 450
REERAZE 0, HIEFSASHITEEIEEN 0,

BRSNS 52R TRIEZE, AU ERAT A TR, B,
A E R, R X EERATIARE AT DL T R . . = MR EEE . VIsAE
FRMAUZREBAMON . BRIERORE AR AR R IS kit fa 2 BAT BB 5% . IR
SHEAEMAN S BT Bt TAE”, X TR TR T AR AR 58

LA, BATRERERE RN ARS L IHHRRF S %L (algorithm ) fEUR:
FRITRRO, ABRITEXSRNE, BRIRI—EIHeHAE BRI, HEaE R
T EA PR T 3N, AR SR 23 FEPHE XN AL

BT IE— KBRS, XEOREAEEAE 100 SRRt RIAK 1. B2, AT
THOTHREAVE YN ADF ARG K. L4kt EAE 20 4 30 FAUHIHROL T
HR R, REUSTEEPRIBSEHF NN, HE 1945 FL4AE AT ITE18
THEEA. Bln, AHE, ATWSRZRTE THEAL D S-SR AR S
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B BIREF SRR FHEEFMETN, RIS AEELRT L. BEIRE
BHINTEYR, fFEREEY B HoF EARER, FMETE 100 £RiEEESK, F 500
ARGk ESEE—/ 64 KB [t RAM BEFIHRS AR B R A S,

YEEEH S ENX—B 8, EEIVRE - TRR. R - REIN2E
M. BALEEE DR RO IERASE 12 ERTHeIRIARRE, 4kd
FRASWHATEMRBEEX LR FHEER. RFRIESRI, EL2FANER
—FMEHRRE, ERAERRTREFBIOENSERINFOHHOAEET, B, X
PSRN, EEA BRI L.
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HELAR, AMTATREREESUE, /R ERTREEIKN TR
BRARNTRE SEEX, BEEFPREMERN. BMABREERK. 28
Frad, FrARE2IBE— [ B ORI A8,

AL RH, AMTHEBE XM T RRFE CIL RSN, BEERE
PABEW L ZENIRE S, AHEB/ NP A B ARG T RN, Xk
ZIOTBOTREER T HER, MERR, WEESCHRNTBRER & RIFERA
BB (abacus), BRI RUR T HLIXEEFTR.

et ebadkal
e

REMIBERER SN, LREPEIMUKAT—&, BEUNFRAZLIT 1200
FAAHBEARETEL.

REALERMFIEMERD:, BRE—/NFS AT T — 215, HR=%

Tom—
finess




18 MEEHSS

BRI - YEI/R (John Napier, 1550-1617) FiiX/INBH AHK—R, KT ELELE
BAE, MRHT N BB EERAEE AT LA AR b E N M, Hitk, nRE
BEFNERTM, ATUAKRBLA TP E: EAANEERPEHIRMME, ReH
EARM, BURTEX R AR 3 HH R

TEHEfEH 400 FRHEE, —SEARNBRR BB TENBEXTLIE, 5
AR, B AN - N BRENEER. B, M8z ENE
RARABSG, ©hL#EE - H4 (Edmund Gunter , 1581-1626) kB, TiEiEE - B4
H{# (William Oughtred, 1574- 1660 ) XfE#IT I B 1976 F HFH K& F* (Keuffel
& Esser ) A RIS EHIERIRE — N R A LRI ZH R /BT (Smithsonian ) 2B,
‘Rt EARE THhEES, SECLRHNERZ FRRESOHI,

B REHT BSN—FHAE R K. £/, RS FRBFRARNRERSE, &
MR JREZR (Napier’s Bones ), 1F 1620 4%, BiEE - #iZ7+ (Wilhelm Schickard,
1592-1635) Ml M FROVBOTRRS, ERUTEENPRET BRI IRE
2, MEEERNER. WRURKEARN MBS L FER - HI, &5
BERVARLTZERH KL - 1€ (Blaise Pascal, 1623-1662 ) fIET #5181 - B9
- 8 - 37522 ( Gottfried Wilhelm von Leibniz, 1646-1716) ZiXFHURHR S
REBENLEHE,

R—TEXT 8 ArinikER LA KREN 2T 8 (FEGHITIZE A INEARH B3 AL F2AZ AR
¥, OISR AIB T . A, HZEEMNEEETR “—B/NE", BEAH
BT ARSI, BaR)iEdh, RERN B 7 — B T A ThRR SN thTh R R
Bemingss, XHENSRGE “KDEMR” BERIT!

TR E RS — A B E H A A AR T T, BIanmai- R0, fhrgifs
DUSIESE S TSR, e TRIEEER, RANEME 9 AR (B 13 &
AT ). EF 19 ¥, RIERX AU ESRA BRI I ACFTER.

#9EFEFK - HUAR - A% (Joseph Marie Jacquard, 1752-1834) KA —MZF PRI AEZH
A THE R A T R, RREREEARU THAESGETL A0,
ARBBLEYL (KRAT 1801 £HIL) FERITAMEE RS (IRERE LENEERA)
BHE ERER, AEEFER T RA 1| ARRRTHR T —EBAE, FEHRBRZRA
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7E 18 t4D (EE] 20 4D 40 F£AK), WEALBF L —MATEARAEITOA, Uit
BRENBRAF L TR A R XM AIR BB R TR SN B, SFEE SN
Bk, M=ARBERNMESNHRIFFEE. 5, mREEELRFRYR, HEE
WHTFZETEN, Lefl—EIF, RERFANSERILER KK SR, A
HREEKEITHRASR, S MBI BIEEARER,

AT HEBRRERDE R, EEREXNSFERERN - B
DI ( Charles Babbage, 1791-1871, WAHK) Bz [fF, #hfngE
/7 BRHE ( Samuel Morse ) Z AL ERIEATIA,

FAANR, xR (Flmdk) HAERP S
RIBATIXE, FO9AMEECR RS A SR, BRI %R
RN EGHE, BB SR TR, N TAT
R 2 TR BT SO SR AN TR, B2 531k (differences ), I AHRS 8
RITHRRE LR

RETE 1820 4, EICZUOufhrI LAt fliE—& AR sER, BEWLIAEIRE
FTENERIOHLES, XA AT LAST 2R ki, Rk T 2591 ( Difference
Engine ), WAB EHEDHUR —DMARBYUIRINGRS . EESVIH, ZA+HRIS0EN
FAIUE S 10 DMARMERRTFoR, MRS 10 FCRFR. RER R
ZPENZHROHRTATATH, MAMBRE T REBRN SR e (4RFR
B%), EESVHMREATHE, 751833 F, BEIZHAETXE TR,

RIETEAR IR, BWNZE T 1Bk, b2l (Analytical Engine ),
toRE ¥4 — EEMEAW E R S 580 (L RLRHER LA/ IMERIDL K S /e )
XAMLER, HRHEASAL, BTTUR 19 HEREL TiHEVNEE, £EIZH%
H, B E — ARG GMUTIREFESRIONLS) F— M aERG (LT
HARZBEBTT), Rk B EEMNMEEE KRR, RN, BRET OB EENE
BN

TR S ABERI ST, P ASGENARERBAHRINH R AR SR, IE
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O

B EHEE - 303K - FEE (Augusta Ada Byron, 1815-1852), BlIHI3E S Hr LB R AL
FIEAY (X )38 H T 2B — R R E AR R BRI T E USRI CE ). “B
T LA B, IFOZRESEETARTEE TR, BArVEAH TS
piar ki

EINZ IR R —NEIRBI R BAPEEEMA, T XANAE, B’
W - SOERE TXF—BOE “BRIFEI (cycle), BOZuXFLEER:

TEREXANREE (set of operations ) FHIATHAKFIL—K, B
RETURBA B KR A RERK, 2EMNFEFEARRERBERGRERE
EPATT . ERSECIHHN T, KMNBEELAIN I —AKEMARMANE
5 488 (recurring group ), WK RIEIR P LS8 —MNBERRE B AER,”

FEAE 1853 FEDPURE R —M K T—7FFIA (George ) MIFEAE - £F/KiK ( Edvard
Scheutz ) iR, FEEFANHEE THZEREIIZ8HNES YL, BHE 20 thed 30
FRABEAADTIEHRE 20 O THRYIOREN T ERiGE. B, EICZHH—
BT FE LEP8UR MBI, B MR BaheiE:, At TIEx 20 a5
DL AR LI o] AR .

THRE R B S ANET AUIR T R A R S ARE A 4 5K XS HPEKRE 10
FHIT-RALEE, 1880 FHANBREZREBICHRROER ., HIUMAREGE, &
—IR AL E EHEIERE TAEEREIL AL 7 FE AR

ANEERKE R{HRL 1890 £ A DS EWEIRREFMLIETT 2L 10 ELA
LRI, R T TR A s ARG REM:,
F P T HA/RE - BB/RERET ( Herman Hollerith, 1860-1929) ra
TFRRIALES, M 7F 1880 2 A & AT AR T E.

AT 8 75 2 TRy 623 7 R

(manila) FfL 5 CREEREA R DZ R B R
Hrplrb R R A gRdRE AR, EA ARSI i
MR AHERE ) A ERIALEZ 24 FIRES) 12 M EHES),
Hit 288 MuE, XBEARERTHEAOEERTE RN —
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AARHE, ADBE T REL R E YO E BT 1/4 SR FALRARE EREY
¥k,

FEABI (RA AR 2 MR MR R — RIS, MRS ZIa5E, ATUARA
R L 288 MEFLKAEAE 288 IR R, (EEFAIOMERATRFAEmt.

BHIRG, FATHAFRGPEROADSE R LN ZE MIERRER, &
ZEFANMKREBE, AFANRERZYE (RSHMAR ). BREERRITHEA
HRERATRAMMERRMEN, HhE—BEFAREENE, P EFAREKLME,
FFER, AOEELEEFELANMFARRRAEENRNER, B—-DFAREEDUS
FEAEPROTERE: W 0~4, 5~9, 10~14, F%, F_NFINWRSHRAE TZFHE
(55 ) rhRgBh—4, BDPIERE N RAERFER . N ERITREIHEE 28 ML
B, ML AR RGP RFTERE 7 ML ER TS 0~ 127 RIFTHE Sl T4

BEREE IR A T E &S BRI P R S R G0 7T LABERRRY . 34T 1890 4
AAEETIEERR, BEREEOLHERTE, XPMERKET, FA ARG R
RN THE RS, XEEA—EFRNRE, HIENT#HEREAU>E (JLF)
FrAFLEBATE BN, XREE AR, TAA EEBA,

RPN A A E B BRI G  2 rseB BRI (tabulated). totn, RAET
e NAOBETBEXPEEESDOAN, S5, ADREKERSGHEE MRS
ABMBINER. N TEEIXEEN, B/REMEE FHERIL, BERAS T ATERIEU
K EshThREE At TR, BEASE—F 288 MR RN FA L,
B AREEH NN T RA LD E, S SRR KR i, TER
R, XA FLBE Al AR AR B AT AT R

BRI R 200 A 7B R B, MRFERERSGICHE—MIR
WA RRELTHER, BAFER FARBRNV TS, RE 5B SRELHh
A TR BT 4t e 53 FMUE RIS R TR X, ARZAAET 5%
B R R AR T LUK 26 MEIREDOE T RE-— AR 4TI . BfEF N AR @
AEOBNRIRERS, < EEFhHgD.

7E 1890 £ A OB & FLX I (I SMEBOREU SRR 74 ARG, LXK
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SN
i
i

R BIINTAE T 6200 AikFFr, HERRE 1880 FAOEENHME, HREH
HATRE&#WN=02—, Bit, ERRAMMLHEZDUAE, 1895 £, MR TE
A, REATKEHIE T s, 7T 1897 FREETRNAEREADEE D,

#oRB - B/REFHE KA. 1896 F, fba)HIFENL 7] ( Tabulating
Machine Company ), flfEHHERFI K EE. B 1911 &, ATARNEH, HIFRAL
ANFIB L EH RICF AT ( Computing-Tabulating-Recording Company ), 8 W%
C-T-R AH], FE] 1915 4, 57 J - #5845 ( Thomas J. Watson, 1874-1956 ) i}y C-T-R
ARIER, ML 1924 R AN F EBCYEFREIEALES A 7] (International Business
Machines Corporation ), EJ IBM,

F] 1928 4F, 7F 1890 FF A O EEHREFIEHN K BEET H&ELMN IBM KH, “do
not spindle, fold, or mutilate”, iXF-KF7 80 %] 12 17, A TR 50 F, HEAHEH,
ERABENIBERET R R TXE-RAM3 B REEES 20, 21 1 24 &g
—EHIURR

FENE) 20 HEZHT, EEATEHFER—T 19 X —TE, FERHFEHR, K48
FEREMRRFURAN, Hhafiml. EARAFE, Bz, URE
SRETRFT . MAESHTREURMRREIT BN, RefMBE AT IHT. B
5, 19 HERMRIAMEHFDFRAAREF. 3P L, EdERERARRIAR RS
RERD—LRZEFN, ELHRHREIUNAR 2 BN,

REERENEMIHEIRYIA RS BH R EH T4 MRS (relays), HEANIEE
20 thed 30 FARPMIA T HE ARSI REE HEAN —NELEMHEYIEL
(electromechanical ) THHE L. 7E:XEEH#8H AR AN T — R BRIRKEBR S, 5&
MEBEEMRN 7 eE s RN sl

PIRAk i R BHLS E—Erh gk SOHEAI AR R — MRS (RAIFEE2EE,
M 20 A2 70 TR LG, XM I REYUREMCEESH TR ). TR IY-—
R, REBASTEYUAEME TR, ARk e ORI AR

oIk i R EN LS R B XA EAFE BN AR R, FRUETE 20 4
30 B, A ARSI E gk isHiEl 524,288 IR REMERE. SR
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i FAFNRRTROFE B (R Hl i QI R AR RIR AR AT RE . AR RIROtR D1 i th R A
RAMEHRRIZR, TfRFASNFHEE IR i, Flnwsflissy. bt
BB AE FF BN B i et A TR R e R R B RO

TR RURF#HITARE, BBt BEYHRRAME - £ (Conrad Zuse,
1910-1995 ) ik, 1935 FikE LRFAERMA K AR FARNR il 7 XSV,
XGPSR T R, RPN E ARSI Ek e, B
HAER 35 BXREERAFTEL, REELERHEF.

1937 4F, DIJRELIESES% (Bell Telephone Laboratories ) fU7F4 « SiR%%% ( George
Stibitz, 1904-1995) KXt ESR AN TR, HEMFEEHREF BERT A 1
RInEEs, EXRMFBTRHERZ N KYIEE (K REE “kichen” HIk— N F8E), XA
R4 1939 F TR LR ZEh E BT AN .

F—m, EHRFFAEARE - X (Howard Aiken, 1900-1973) EJ Mk
BWESIENG %, MERMOX -FREFSHAYS IBM 515, JFRAE 1943
FAhEH—E& HahEEET #HEAL ( Automated Sequence Controlled Calculator , ASCC ),
WU % T Harvard Mark [, X2 55— & P LUTENRMS BT HENL, EHRLEER
B - EIZRB RN T LS Mark IRRARISEAL A THEAL, BH T 13,000 Pakr#S.
PR RIS R YN EERGE, MIERMYHR T IHENRER S — KR,

TG EIEN, SR[IARRTENEE, BAETRIMEN, FMHSE
IS AR ERASHAT TE, MPEN LTS REER, B B s> ng
ISYREkE RN, SRR BAR . 1947 FLA T —HE LR, AT Mark
N PR~ kS Z I T —H i, HEF 2 - 55 - #48 ( Grace Murray Hopper,
1906-1992) 1 1944 AT 3CHHIHEBA, HIEHECH M HENSEES SRIEFEZE QA
Yo MUK H TR BB T T4 T AL H & (logbook ) |, FFEHD Eibl] “&
— R I A A4 H) bug” .

H2% (vacuum tube ) B —FA]ABERARENITH, BREMAR - ZHZH - 3B
31A ( John Ambrose Fleming, 1849-1945 ) #1Zs - {# -3 4% ( Lee de Forest, 1873-1961)
TEHAT AR IB EE R RN TR HIK . B 20 4 40 45K, HSECEMT 2N
TRKREERES, S5hE, BNV PES - DREESE — &6 L RE TS,
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EANRERA LSS, HEBEITEREFE AN RS S, KR AT
ERBS. S, 53, DRSEHTT—X — [ R4k,

REZHYRB[EZHASEHROXLPRIHAEE, EERNREXEZETAI
BORECAABINERS . SOFRas . MRS, MR, DIRHEE. PRETE AN
HES, BT R URRC T E T4k i a8 M — IR R R0

HEEFARAERSNAR, i, MgEst, BREx, UTENREAS,
R, HERWABERSERESB, mRAG—t#—F, RRESENEL.
e, FAEESEREVINAMTIR T EMERRIEYE, MREREIHNARSITR
WHEZE, U TESENREENHARG 2KE (AEER, AMIAEIRRRE
RGRFRTHMN ). TRAWIENA, S—MREELRMENFHA LA E, 1t
b, —AUFEAIMAERE ANESYE, BEHEROT, SR/UTHMERA—1.

MR E BRGSO TESEIRESTUER I 2 —8 (ps) R4
xR, Ao ERSHEE (JFRITITSXRMA) M EEL4k R 2R 1000 f%, SasaR
BRIFRES TRESWELZBEE 1ms, T4 2 8. BN TEIE L R,
WREEHARTEZEMA, XA EEE SN AGKEE R i
BRAFNEE AR M1 AR RIS i, Bl RARSEak iz
R EEERA 7%, HAEE,

{HRAE 20t 40 F£AHH, Frk ittt BN A BT 6HBURGkR 2%, 51 1945 4F,
AZECAT B T 4kias, EARSRRTEISHORERHEY, BETER
FE—G BT THEARER.

EEE, EB( Colossus )THEHU 1943 £ RN A )RR EE 45 “Enigma”
R4 RS, X8 M - B3R (Alan M. Turing, 1912-1954 ) J53ABIH (LA
RERBERAGTENSE ) fl TE AT, KRRS THEIESEEMN,
XAFEL A BN HEASIRRE R ZM A, S—ReEERT 1937 F, HKRIEHT
“BHHE M (computability ) IX/MER, FIRAATERLEEEAS LHEAN AT LASE], BREeCr 3],
AT EAUERR T — MR R, SRR AFTHAIRIE R AL ( Turing Machine ),
RECRIFEALHBIRXT ALERY, FXESXHNBT —FiliRysss ek
WA, B D ABAIRE RIUR % (Turing Test )o
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PR T TR0 (R RBIARS), T - HFIHTY - R54F (J. Presper Eckert,
1919-1995 ) FlZ)Hy « HTTH| (John Mauchly, 1907-1980) i%it T ENIAC ( Electronic
Numerical Integrator and Computer, HLF#FRSHENL), $EH 1 18,000 MESE IR
RTE 1945 IR . HSWMAE (KZ 30 ), ENIAC Y4 (S UEthE ) 4hid
HEHBARHITEA. Bl 1977 4, AfTFIUATE Radio Shack EEIEEERIITHEL, &
PRI R RN R ETH, TRAMBTERFLE - V- TENER (John V.
Atanasoff, 1903-1995) FEILT, fhERE ST —&RFHEYNL, BEBETEHAMR
o

ENIAC W 5] THER L% - 5 - i S (John von Neumann, 1903~ 1957 ) HIHRER,
M 1930 SR, HAETERIFINE - EREEREE, /FH LS AXBENAY,
HHEAVE B C AR RE T E RO E T EME L, 5 - iBR2 YN 2T iiE &
AT — 2 BEEIR, HREERT, NBFI¥ERRN A, REIS5FES,

£)8 1% - IR 2 BRI ENIAC /54575 EDVAC
( Electronic Discrete Variable Automatic Computer ), $55I 27
1946 FF SRS - W - 5 (Arthur W. Burks ) 1 {78 - &
H#7%E (Herman H. Goldstine ) FEHEKT K “BTHE 54
AR TR 58 K33 ( Preliminary Discussion of the
Logical Design of an Electronic Computing Instrument )" H183
o, AR T JLA EDVAC bb ENIAC B NS 0RE s . EDVAC
Bt MRS B T E AL SRR R A oA S, 1o
ENIAC IR+t HE. RSl T Tt BV 4308
RAJBER B BIFERERS, X LR 2 N % R AT AR R e AU AR - AT HR ™ AR R (1
BEH—F, XA ENIAC HEBEARESSELN, X T ENIAC Kii, 4iEAatiahiTo
NIRRT ). XS AR RIT B0, 1R AR BEH#E TS
ik, BERFEHFBE. XERESN “FIEEFES” (stored-program concept )o

X FRERTENI R hIEFEEEN— MR, IERMKZ A
‘B EREBENT, F—BEP T EVR - S RD - HRE T EYL. BEMNME
G - EKEEH, XIS - iIBKEMS (von Neumann bottleneck )o 7E75 + IR E T
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AU, AT HITHSBEEFERRRENN 5o XS isS MriEashBiHR. o]
fFARZ—T, 5817 EHRERTHRTHENFRLS 3/4 FN R AREEES .

7f EDVAC MBS R, ZRBIAKLS, AESETIGARBAESEA AT,
E AR R T —2 R B S R, B MR ARRE “IKBIERRR FiE4s"
( mercury delay line memory ), Bfif] 5 HRUKBESE, EEH FR—IRER 1ps MIKR
BiE—NEhkih, XEERKPALOEFE 1ms BIRE TS5 (FTRLnREAIIF B—rf
BE XA Fkrp, FEITRITT R ), B — /KRB ol LUK A 1024 A1 B

B3 20 42 50 FRPATA LK T “BLSFEERS” (magnetic core memory )o
ARZBREAL /NG B R i R B A K [ SRR . &/ NERIPI LU 1
ffE B USRI TIRK— BRI EA BB BAREA, FIAEES E—¥ER
FF GBS RS R Th Rl AR U A A RIS

20 tH4E 40 A, WHBYARFTRSUBHFIERFTLE - 5 - #HKE— A,

7578 - K (Claude Shannon, 4T 1916 £ ) B BI—AEHH R EBER,
T 11 BRBHE T fth 1938 MBS, IERX R ERE T I3, Sk BLLRA/RA
2[RI F o7 1948 TF 4 DI/R B UESESE = T YERAIR], AR 7E Bell System Technical Journal
FERT BN “BiEeIBhrREEEIE” (4 Mathematical Theory of Communication )
HIXCE, EXREXERMAME A" RSN AS TR, BT — N EETRA
i, BIEZK “/EE” (information theory ), {8 BN ERZEEAAWE (X
e E ERE A BB ) RS TR, DURINfSRAh B e AL R, 1949 4,
RS 1 E—Rox T4 T LALE T ENU MBS E, 1952 Fthagot T — Nl 4k
s HHAE, B UE— P REFIOERZ. WAL TREXBEERHHEEREK
T DURSEER B 75 Z i

/R - 49 (Norbert Wiener, 1894-1964 ) WIS AR E MBS 1A
18 &, H4RE[ Cybernetics, or Control and Communication in the Animal and Machine( 1948
F) —HEfE LT, fERAFEHATT “2H8” (cybemetics: HTHIEERTF) &
IR AR At R R o EAFIRLES ATV 2 IR R e RARSUAEH, AT
LA cyber (EARTERITR SHEAURRI—, &EFLW—HE, BELSHEVE
1 PR I ARE B FRIR “cyberspace” ( PRIZRZS[R] ), sXAMAHR T HHENIR L/ NEER BREE - &
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&% (William Gibson ) 7E 1984 5 & 32/0/NJi Neuromancer 1 “cyberpunk” —1fl,

1948 4F, WRFAFSEEETH (Eckert-Mauchly ) tHEALATR] (JEREOVEIIE=HEA ]
—&B5r ) Rt R E— SR AT EN—EA B8, sBEHRH UNIVAC, X &N
T 1951 FE5Ek, WERRE T AOEER, UNIVAC 7EMEERN F 7 H S R RASEE
LT AT, CHEARMM 1952 FRESGREER. KRS - WY (Walter
Cronkite ) ¥§ UNIVAC Frff “electronic brain” (HLfX ), FIREREFE 1952 4, IBM kG TH
BB ARENAZ, K5 701,

AU TR ARIMBIFRUEL £, REXBRISEGEH, HERMZEEER
—Bh E— TR B A NG R R EANTFEARR, XITHT 1947
A N KRBT BOR T

WRAERR, DURHIESER =2 MERA I I V48— S # T
Wi, FEEFENE, MIEPN—EANITENARERE, FERIGTEE
AR DURICH 2 TAEREA PRI A UR R 7 Bk Tk, a2k, 76 20 42 70
FR, WREEZERARAEENTHREIURIERS UNIX MREIES C N4, i)
BaETEHETHNR.

4 AT&T (RERERRAT]) ERXERZSEARGHRRIHEARN 55 F8, DJUR
KRENBEMEE THE, £1925F 1 A1 Bl T4, JURATRBFIBRR
KRR BB ARHAEIREOR, ZiaRAXMAER M BAR T TR B EARTA,
BAENTRERAZNS, —MEMZANKHEREETREARENEREEES,

M1912 46, TURRGBATEEEBORSBITIR, AT IRERAERES
B, NHHT TAEYBENTI RS . REMT ABRNIE, EEENA
FW L LFRCHRTT . REBEEBAK, ek, HHRESRR, HE, BTy
I REME—ABERE

1947 £ 12 A 16 H, YIUREBRZMHMEEFLE - BT (John Bardeen,
1908-1991) FIIK/R4F - #i224H ( Walter Brattain, 1902-1987) HfEH B—FiCARSR,
TR — IR A T XMFRIRBRR s (—MRdon®) FRf—4%
HEHEAHK, —HZE, MBI RARRAMNNERRE - §7H (William
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Shockley, 1910-1989 ), XELEE 1 “BEE" (transistor), BHE—EEAMN 20 405
BEMEHRZ

B ARES AN, B9FRA 8 Fa7, Bl 19394 12 H29 H, HFAZEMAY
ZEARFEE “SRERARBE, FEHLIARBERCRRNRE LR ERRTEE
HHEE.” FERAERATRILTER, AMTABHhTEEE. 1956 FH A . B THm=
HE I HEE R ERRT R R R BRI 9 T B EREDURIEER

TEARBRITT RIS B T Mgk AR EITFTUAR TR R
%o . MUKEHRBRFOE, tRARRPX=FocERE-SFESE.

HTER BN, RTHRETomER 20, HESE s, X=FIErdt
R FE IR F R SMNE A — AN BB R, XA R FAURESHEREFPIE
flir-FRIBS, BRIHFTUA B BRI, 5T N AR 485 fh—— b G I AN N —
—JLFARET .

I EMETTE (AR—E &%) #Hch “¥544K” (semiconductor ),  FrlA#A
R HARRNEN SRR SEN—Y, MREA A S RZB DIET
LT, LRRNEFZERINES 4 BT, EANEFREENE KR FRE
B—3, aieRam, B2 RS E M@ RSN A RIS, 3R Sk
AR SA,

BE, LRETPIB A, BlSHEAmA S, —FhRAIRMM N R (N
FoR negative ) 54K, BATAERE T Z ML ESREFINOBR T . BIS—FhERII
Frig p B3 B 4k,

A P AL N B 7 R DAE 2 BOA— N RORES . IXFLEE &
B NPN S48, E=540 B AR (collector ). Etk (base ), LA K 511K (emitter ),

THEZE NPN S48 R R,

- 1::¥

%4
20k ]
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TEEARBEN N B EE SR AT LASS B3R B R p s R M SR AR B SR . InSRAEBAR
AR, BLREERAEER.

BAEBEHREERNINS 2 RTINS BEED, FRH=RERE, SMNEM
THEATR,

mAETA T BESE T HRANA, IMERAEAETERS IR EHE&EE,
RHRERALREUS S S EOVE DERGEE. B TR EsEE /), REEEE
R RE/D, PENREED, MARATH. MEET - ESBERSVELTEER
R—HEE. BEREERSVARE, erlAm—Teiits, TEASER, 1954 4,
T —BEERARY, RFEEETE T EN G RE — AT LI S5 R
EEREL. BINEEAR, EREEGD—DEREENAT, S THE MM
SR A E RS L.

AR, SRAEERENHEVERAG TS, ITEEmLK - EES - DR
( Alexander Graham Bell ) AFE AZBREANRE ], AT&T 22 Al S v BT #5 ik Py o F &
FEBAR, SEERUTEAT 1960 F, BMARFENNAILFELHAT (FTE,
FAEm WK, —EaREETWMEFE AR FH R R AR THFE RS, ]
EERE S E RS E T .

1956 F, HMREMEFTIN/REBEMRL T H7RFHLFEILEE ( Shockley
Semiconductor Laboratories ), fi[E1E] T H O AN, INFECTAS BE R, thios
AIRE BT ZHXNRAT. RNESEM YA T 2t 7 2 X E &
A, 1B LRI ERRIX A X IR ARRREA ( Silicon Valley ),

TFREAENBRENRN THRKRES, [BREANRRER AR AEZETTHIT
t, fERSSKE—F. FEAREREHER XU T 4RSS EEREN S,
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HEY A BBARN | HEEEATASEBRTR, Ay 1. BERERRR
BhsERE .

ERTEAANEREERNREETUAR—N . £S5, BHRBEER
KEMRER T mREENERRE. E1P, ANRGENEERESRERER, &
ARSI R

ARA

ABA

BSA

e BSA~

Sith

Ak ARG B R T DU BB RO 8 T RAE R R AR . SRS,
AEEURREERIE RN T I BB, (EREIART R ARG
I, i EAUNR R MR, 1956 ERA T B RAE RN, MERL
FH, FEFRABEYURTHR R T ERBIER T .

B—AEER: SAEEERUETEYENT S, AFENARFEREED,
HEAREF ST RSB R E R 47

BERELTEN. BEERFEENMIZRELRELHZHET], BERFEREEER
XEAR Y BN EEFE, LREETEREREEZET], STL4RSNESEERE
KAERE TR, AT ERE, XEMEYE, FARGEEINTEAES
s, MRIRBRARAEHIES 17 EHTHEYIM 64 KB I RAM, Rt TIFNEER
BRI Y RIS ST ABCE R A BRI S5 . TR RER S B0 155 b2 AR E A A
ERE 2 PERATRE, XRERZRE.
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R, RINELRNEFENFELASAGETE, TUEEMNA. —NREE
AIDAERRR ], TITHE AT LAER SRS R . INERR . U5y, DIRRAAS. fRasn]
VA AT B AT E RAM B8, ST e IS i s R autatr, SRRk
HREMEEME S,

XA R R EYHEYRE B (Geoffrey Dummer, T 1909 £4£) £F 19524 5 H
F—RiEPFIRE, A oM EEREBAR,”, HPRMARH TAT WA,

“MERREOEIAARFEFRARG AR, RALFTARBR £
HIAARRAAELMANERREARNGETFiEE, T TROZEE, &
hE, BABEABRAKEOANERBR, BRELEKRNHEE R &R TR
b Fhae,”

gRIfI, FUER LA R RS L LE,

1958 £ 7 H, {EMUYERARINAS - BURLE (Jack Kilby, A7 1923 4 ) BB T -
AN — SRR HE N SRS . AR Foot A, b RanEARE
HHE. 6 MHERE, thEtE 1959 F 1 H, Z1{a%E - %Il (Robert Noyce, 1927-1990)
WS TR iE. WHETEMRNE AR ETE, B7E 1957 F, th5H
fth 7 RIRVEREIT T H SR SR ZE A0/ 7 lE (Fairchild) ¥24&AF],

ABARMERES, RN E-BURHREE RN, XA sEH r AR, 7
ER/RLEEINE 6 N ARW T XAk s, MHEBMNERARSETAEARREZH,
HARERE RRB T EH. B4 Tk bvalgy, BT 10 F5, 8155
LRTTEBEMIMRGR . REBE/RE AR R AE -EHE, BRI RS 5%
FRHLE, BEMENIC (HBAMHERDGR ) FREHE,

ERBRBEFELLERERN T ZREA T UGELR, BEgERTE, KR53
RS AR R AR AR N . TR — MR R R E RS
B, BRUKRASHRER G — B8R, MEEEREE.

B b, R EETESFKN, BE SRR, AT E
RIER, AT R PERIOERA 5 HALD Fr Z B E SR SEE A E R . Sl BRH
JURARIREETT X, B0y WA R RN A A (SR DIP ), 124t 14,
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16 L& 40 NS,

TER—NME 16 MEHSF . ¥R ERNEEARE (i), A1 3 16 &Rt
TS, W2 T AT, sElfaim, RCh 1~16, 16 ST AR Hik, &l
ZAMIBEE T4 1710 3T,

P 20 #4E 60 £, ASHIAAMESTEIHMR) T FHINEREETSN LR,
FERMGE, %6 ARKEEEERRERERAAR (Zenith ) 7 1964 G HERBIYT
#1971, NG ARI &S MEEUERS, FE, JkhEAR] (Pulsar) H
BTESREFTER (RFTFRPIVER R YRR BRI AR )o RS H
AR T R R PR AR

1965 %, X% - E - BE/R ( Gordon E. Moore, YR7EALEA B LR, FXRBINFIER
AFIEREIIPA ) KM 1959 UG, BREAFE—FARER: F—GA T
UESRNSEENRESER &, XM EREaRs. BN EREFEE/R
METRE—L, EERER (REGHE) WIB1ERN: § 84D AR—JuH FHEAS
HEBERSB —F. XOR S AEHNEE, SRBET 2NN TIVERK
MHBNHGRE LT T, —2AMRBEER 2015 FE/RERVRER.

KRB, AMTEERIS/INIEER R (small-scale integration ), B SSI, #5#B
BB 1D 10 MU s BRI ( medium-scale integration ), HlI MSI (f5;
10 ) 100 NNBHET] ) RIS (large-scale integration ), Bl LSI (24 100 %] 5000
NEEI] ). FERERIARE R KRR RS (very-large-scale integration ), B VLSI (5
& 5000 X 50,000 7FET]); BAIBEERHEE (super-large-scale integration ), El SLSI
(& 50,000 E| 100,000 MFHR]); BEAMEELERHLES (ultra-large-scale integration,
3d 100,000 BT )

AERRRBITUR T —F, TEBRFERE 20 g 70 FHHH, WNIERS
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—I8 { BIRAAR Y BELITHINRA, i VLSI A THHEME., B, A4MER/ AR
RIBARFRHIE R R AL, ARE—REARBIRZ h—A 1C Kk, 20 tH4d 70 &
KpHE, AR “FIK” BiTH¥: TTL 1 CMOS,

TTL X3 transistor-transistor logic ( FAAE - EZH ). 20 142 70 ERTE, W
FORSA— 2T RN (F IC Wt R ), A2 —AK 1.25 TE . HEM
{EFANFIE 1973 FHIRIIA A The TTL Data Book for Design Engineers ({ TTL T 2IMi%
TEEEFM ), PATHERR (TTL EHEFM) N BESRRPBRELEER. X2 —ARKEMNY
FRE AL LA R R TTL LS 7400 REITBMBES, tiZ FrlS A2 H
XA IC TR ME—& W BT 74 7k,

7400 FHHRE—MERHREREE R ES REROTEZR N4k, —2hA
REHWROMERZE], BFETUABIIRERERENEN; Bo—BEAN
REGERAM, Gl MRS, IESS. BESUREDE.

7400 ZF|hE—MERBLERIRSE ) 7400, 7 ( TTL HdEFM) dxeEtiRE—
“TINBNIESIET] . XEREX MFHROERRREEHEMMASIE ], “IE” 5
FTNE4E | NROARE, oMM ARERE, TRR— 14 EHGR, 38750
R —ok/NELEoR T E BN R S .

Vee 4B 4A 4Y 3B 3A  3Y

1A 1B 1Y 24 2B 2Y Gnd
FEXGKE A FARRE (BBEIETE), NI T A8,

14 SEHFNEN Voo , 5SS V—F, RRRERE ORER—TF, XKEFEVH
BTAMRABEIR. MrFER C IEREERERNG, BISEER, collector), 7 5E
FIFRIER) GND RIS (ground ). FE4FIE FLEE HH 68 FIRORT A SR AU FR R AR LA HEFRL TR
i 5 Pt
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18 MEEETHR T

& TTL7400 B3R, Ve BATNT 4.75V F1 525V Z[Al. HAiEH, HEHH
FE5V £5% H7EE. BERT 475V B, SAETETIE. ST 525V B, SR
B, BUES—A SV ilie, ARthAREFRRRY TTL dhaTtid, BEShHmAgHEATTAE
WIGFIE A X . IR, TTL FEMRE FEARE,

7400 SHHE-NSIEITERNM RN RN - Matss, BAEEMS TE, L8
BEEXS THMAN (ARE) &R0 (i) MR, 3hE, SIENREARER
FERTPAN OV (#80) B 5V ( Ve ) TEENTE—{E. TTL A, HEENT 0~08V /L
—E AT PLA S 2Z 5 07, MAT 2~5V WFTLANEZHE “17, 0.8~2V jEERHRE
LNV VASVAS =i

TTL AR DL 0.2V FomiBi “07, DA 34V ForBH “17, ZERRIEER
fa, AR s, EARBNEAFBEEAER AR 0" f1 “17 Fr, ML
AR R Ror. AN, BRMEREEATDIFR REE ‘17, s B EMN AR R
BiE <07, OMEREMA “FUBH”, 7400 SRR PIANBEAIESIENT”, fiiXE
M “IE” MRRT FARFTIEE R,

N2 TTL fyRisH 0.2 v R ZBHE “07, 3.4 VRESE “17, PBoXM#HH
HEFRIEAER A TREER, BiZE “0” H0~0.8V, HiFH “1” H2~5V,
XER TTL FIRARRE M AR . B8 “17 SR EWA T 1.4V Bim LUER
B 1 WERERAN, FAN, 28 07 BHmESEAE 0.6V BT LAEN
B 0" MRHBERA,

om— AR RN REERE T LUA A ZEIEA] ( propagation time ), Hizk
RN & A5 R s & A AR AL B IR 1]

B ARk B0 RSB (8], 4850 nsec, Bl nso 1 #AFDRAER RO E], T
D2Z2—NER, AhnZ2 B2 AE, B2H2H 22— IgEr, 7400 T
Fr SR RGBT B ROZ Rt /T 22 ns, B 0.000000022s.

BNARPHKENHIERER— A HER FHArA A LRSS L OFERR,
Btz S BITCRTE . R AR R BT A EEREEEES, UETRZLEIER
B, EERERSEMHTEEINEDIE, thin, YREE-RERBRIERN | K
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T FE—REEH HIEBATROES

R, BB 22900 AT LAE SCRYEM S TURIYREGHREE RORT TR, B Al ] LA VR E 47
WINPT 2.7

ST, ARPMEETHENUAR D RTEE. IFATESE 17 EvhERIN, HENA SRS
AR — AR F Y REIF AT, B E RN, REREER
P fEas. Mt SEAGXERIERTHRIL (FFIEE 17 ErhigH RN, RS S56H
ML) BESEAUETSERR LAEROME—RN o AL . “HE R THRE, A
B B3 RS E AR SRR

MEEFE (TTL BdEFM ) S RkBBPRLEHIRI/NGH, 7402 HHF 4 DR
AR, 7404 558 6 NARRS, 7408 U AT 4 MRURASTT], 743255 4 BB
17, PLE 7430 R E—A S MASIET], W TEFR.

Vee Ne H G Ne Ne Y

A B C D E F Gud

%55 Nc iR (no connection ),

7474 SRR F—MENBENS . BRE—A “HTEAE TN D RIS L
%", WFERR.

Vee 2Cke 2D 2CHKk 2Pre 2Q 2Q

1ClIe 1D 1Clk  1Pre 1Q 1@ Gnd
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18 RABEHTA 7

J
!

CTTL BEETH ) SRR T X /NS i Ml A #HE R E .

mE
J
i
wE - i k_"’ 3 Q

aw | Ly =

b e j

BT HE AR RERTTSN, eI LIS 14 BERIERARCL. (TTL ik
T iR AR

5 A % i
Pe Ct Ck D | Q Q
L H X X H L
H L X X L H
L L X X H* H*
H L 1 H H L
H H T L L H
H H L X |Q Q

Figm, “H” REFHETE, L RRMETF. Y2, WLKXEERE 1 F 0. Ak
BEH, TE (Pre) FOEZHIA (Cir) BEH 0; XEEEN 1,

SR (TTL BUEFEM) £4T, 7483 A E— 4 SRS nkss, 74151
R 8-1 PoBdE L IRES, 74154 B H R 4-16 HIRRESRES, 74161 Uiy B—1 4 fIlE)2E
TR, UAK 74175 R NMEEM 4 i\ D BfR RS, A RS RTREkN
PARET ARG E— 8 A8 =%

BN B HR B2 11 Bk IT 966 X 2. 2 AR AR,
XEEERR M ( TTL Bt Tt ) €Mk,
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—T KE—REETENKEGHERNES

RN — R TN, JRR S ST AR B R (TTL BIEFM) xAH,
HECHRERABEN TTL SHEE, —BERBMTERANTR, B2RATLAER TTL B
FiE—E % 17 EHOTT RN S ERERLE— MR EEEREREDES,
{BIRFIREA S BB A TTL R 64KB RAM [E51, 1973 SEHARE ( TTL B3EFM ) w,
FIH AR B AR RAM AU 256 X1 7, Hli 64 KB FE 2048 ANEF 1 Xl
PRk dt, TTL SdemifiiR, XTI RS 21 Erhigifit.

BB R — iR ER . RER TTIL RARSRNRHLERIMAN, kB
—Mr%eE, MARRGHMERERZ IR, IMRSFEMA LR ERSEHLER, A
RREBAERARA S RNES/NRRR . XA ERRNIRGHRE M EE,
BEBATREEVEDRS —BANER, 1 I2%, 455 MHz, REER TTL
HIESE 17 EheoHtEYL, ALFERBNRD 10 MHz 4 RILAERIETREF, B4&ES
PITRHIRLDY 400 nso 4K, XA kR B R MM RN IR BE S ER

GRFRERS—VHE (E4{0R) & CMOS, CMOS FrE M BE/ LS4k
( complementary metal-oxide semiconductor ), FRIRE—2 20 thed 70 ERPEIEER
CMOS S FLB I TREG TR E , LS ERAE—4R4%&5 (CMOS FIEFM )
HBENSER, ZHRFERREFEATIHAR, FTUAE H4H#EA) Radio Shack B K F,
FrhRZ I CMOS KIERH 4000 A5 IC (1 B

TTL $E B ERAE 4.75 ~5.25V JEEIN . X T CMOS ki, FEFETE 3~ 18V I
BEYHE, XRIERRIEN. o, CMOS A8tL TTL FEFE/DIAER, XHEMBEmIE
17/NEL CMOS HLERERFI1T, CMOS FUBRGZHENS, thin, 7EdtiER 5 REIER
T, CMOS 4008 4 fi72 28 7] LLRUFRIFEHREET (B 2 750 ns, CMOS & B ERES
PEE R AR S MIRE——10V B4 250ns, 15 {REFA 190 ns, {B{5ARES TTLA f1iNikES
B 24 ns RGBT RIARSESE (25 4ERT, TTL FUEUES CMOS RIhR 2 FrA 2w
Wi, SHEER, 4K TTL CEHA TRIIERMART CMOS 11 1 SR A ),

FESEERRL A, SRR R R CEER” (WTERFR) ST,
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AT 5 ML, TEEEMREEX 5 MLBERSAHE, BOABEAREERD, &
s TE R R A, SRR I S AEREER AR, XELAE -4
EHE S SEMPUANFLE B AR, H L R A A BUS A Z RIRE
%O

it F—Fpnufi “eRZ2 193" (wire-wrapping ) RUHEA T DULE 2 [RIE#: 38 hn7E[E]

SHRBARHA VMK EED, TR,

F— MR RS —AER, RO ASNEA B R FANERT . ERT
%—m, ERNKRNNLERERE - TMEEARRER E5E. ERNEADE
M MHEE LR, S5TERAE,

A SR TR B A R AR AR AR — M E IO LR, ARRT AR B B Rl AL R AR
(printed circuit board )o fRAVART, X REMAMEHF EMIEN . XL b
T, HEH-EHWAES. EAL, FLOLRYBEERSRA PR RERF M
73, TOGE AR ZIR RIS, BERTT LUK RS LR D (BE B AREAL)
HEERFEEAR LSS F, BB TERREPFERS ERERE, (EE-ERR
THEHS T AL, FrUABNL SIS Rl R 2 E B %,

%) 20 g 70 FARFEM, GRS BB EHIE - B I T R A
LR, bR DX RN ESBA B AT, FE— AR RERE. SRS
JHILERA RITE 1971 - h— BB iR A T2 R, (HEIEHIEH — SRR
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TSR REEH RNEEANRNES

HUS SRS B T R R AT (FR/RARIRALT 1968 4, HlEAFILARTIE 3P
4% - EFMRE - BRAKT ) 1970 45, BEREETH—K™5R, —AFE
fif 1024 FZEURRGE T, EANXE RGP A AR AN K.

FAFRTE A H AT (Busicom ) AR AT RETTHESFSOLEAOLRED, kg
KI5 IEANSR/R TARIMAFE - EER (Ted Hoff) Uii: “HARILEAA
—AEA#FATRER T EAL, BT DUBE SRR — N THERR . MR X AR AL
H— PR —BGREREIIMTHERS,” XFBT Intel 4004 KIF~4:, BRE—R “HHEL
R, BEME RALEERET, 1971 £ 11 A, 4040 .0 EETLIBREIER, EH1F 2300
AR (IRBE/RERE, 18 EEMERASHNRATEIS XM TH 4000 £%, =
FHRZ 1000 1o X2 — SIS H TR ),

BATELAE 4004 5 F OEMIRATHRE, FER 4004 BH BINSFEBHBE.
4004 TH TS, ZELLARMALIREERLRY , B RII=ARARAE.

BN 4004 B 4 (IAACEERS, XEWRELEISPEIERR TR RE 4 00
BRI, BaFER, EREEH 4 0EF. MRS, F 17 BT EY SRR
52 8 i, IR 8 fALHRES, AR EE] 8 (AR EEBET 4 A3
BEERIFZAEE LTI, 20 thad 70 ERKM, 16 VAMAESELER TN, FE—
T 17 ERPNE, DRI 8 (ACERRSHEHTRA 16 MBIMEFTAENTIE S, FREL
SRR TN 16 AZACFRESHRAIM S . B 20 tH47 80 A, 32 AP IRER WA T,
HEHE—EEAR AR EEALIEES.

BAKRIE: 4004 FRBORRHIZR Y 108,000 E#E, BN 108 KHz, KPR EI8E
B s IR B BB TR % AR OB R , IR B3R, SUIR S RRIER
THE, 31999 5, FAHENMIGIEESESRE T 500 MHz—th 4004 EHR 5000 £2,

EAFREE: 4004 BT FHEAFAERS A 640 75, BIERB XM F/IMEA AR,
HiX 5 YN T BNAESFNERE—BN. T—8HhFEaEE, WTEz bk
HIFHBEIREA R T 64 KB, S5 17 ERUFEAINBE LB 1999 S /RAE IS
ATPAF 4k 64 TB fozs[a], RE LI BEHAMK K RAM AL AE 256 MB,

EAREAM T IR — & AT RAE . tedn, 4 RrACEERRRIAERTLASE
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18 MELEEIEH -7
J

W32 R TNk, RALRRHE RIS N 4 SABRAT. FREC RS, FrAmE
FUHEAE AR, WR—G A EIEME Bob—a rf LRI SR,
2ER LB R ME], BEEITTAESAARRER, X2 1937 FRRELXE
ST AR R — e X,

SR, BEEERACHERS Z AIMARACRIR S, [FIR3 AE HR Be 16 A T B — KR A

BRI ( maximum clock speed ) , ARV, BEWMATERSFHEHREME
HEZ—. SHRRIETHIT -FIELFTHEENR R, AN EIEN T hEmabE
PRI, R 4 (VANERSRTTLASEAL 32 M FEII N, BEERAGES 32 AR
WER . AT, SABBXRRZ, [ F IR AT RN AR R E R
HEMK, B, FTFUEMERE LA AR MRS REE ), RHEEGFEERS
B AR T AT ERAR 1, T SASREE R, BHEE, AFEFRILAR
R e fEpE as it R4 AN BORGEBUE B, XFERRGTT T A2 A B IORE (t
W, BEARENFESIE B N NF W M L AL, TAIFeEss it
H— N ET WK DR ). AL X PR SR T AV RS E
—iXgt X BB Tk A AR

BIR, X=AEF BB A SR E SRR, B DFA R AL A
BRI A LA R RS 1 S ANEB I RCR RE /1. FEE RS R RS 2, VARTED
B SERAESE T AMEALTE S E5E, AW ERENETHERX T ENET

BRI B AR TR EE ST, BB aRBRIE R Sk po B v AL
— PRI, BH— Rk, AR AR A R E T HA®. t
AR R A B T BN B RN, Rt — PR, REESFTEH—
PRE—EG, B2 TIRAUBENNS, BERERFFE ERRREZHhEATTRESIL
Ho

M%) 20 42 70 SRR, ER 4004 HRE /WM, BHF AR IR, 819724 4
R, FR/REAM T 8008 05T AN IR A 200 KHz . A1 F-HEZS A4 16 KB 1 8 fizfil
AR (B, = MERES MR L AWMBRNE ), ERE 1974 F 5 H, &
/R EIFIBEFE PRI BIEE A T 8008 fAbIR s BGARR, IERBIFCH AL 7 #A
R,
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AL Bl g

MALFRRS—IER T, BitEV ARSI AR A B ST, SRE—1
RO F——3ET 1971 ., EMRAEE BRI 0. B AabEeE, B Intel 4004
5, WHET 2300 MRAE . BEAF, RA=HFELET, FATENBREIREE R
A E R Z LB 10,000,000 4,

MAB LB, MACHEESE ER TR —BERAL. eS|, %‘TiEH’JIL
AA aail!i“’“ﬁﬁﬁiﬂ’]fﬁ%%?ﬂ“‘/\ﬁﬂ]ﬂ&ﬁu—~ BEATEA TR S IRE R,
ZHROXELRIEHHAEE, BAENRS %@ﬂl]ﬁ‘]&aﬁﬁﬁ%&%‘%ﬁb&ﬂ]i
FS5HEE. ﬁTEFWﬁiﬁﬂ)\l WOCHEE R R A TR, LA T feRE — T RIFh
e S

BANE e EARHILT 1974 . FEX—F, /RAEHE 4 AT 8080
SLERRS  BEFES RIAFI—M 20 AT 50 AT Y ARG A E —7E 8 AHEH T 6800
AEFRER . AMIAL, B HAR AR E . FE, B ERRS AT



19 FRARDGRLRE T

( Texas Instruments ) FEH T 4 F7HOACTERS TMS 1000, EHTZM RS, iR
E% 2 S4k 4\ 7] ( National Semiconductor ) #H 7 PACE—E ™ 16 (R FESS . (H24F
{ 1B BT SRRORHERE S AT, 8080 F11 6800 EHi MG A EAIEEXHIH .

B /R 8080 BRI ERIMNAR A 360 ZETT, X MR IBM Y System/360 R EAR
KEJRH]. System/360 ZRENAFR RS, P RER—EKRAT], BMEHLANTET
(AR, ¥R 1.95 ETTHELAT LA B —3e 8080 5 )o 1XFH AR 8080 ATLAS System/360
KERHE, BEJVEZHN, IBM B thoeERixeedeE /Myt ED L.

8080 B— 8 ArARALHERS, ©UIE 6000 NRAE, iETHOR 4R ) 2 MHz, F-
Hk=s[a2y 64 KB, BEFEZHIf 6800 (4 - RAUEM R 1.95 3% ) HFE 4000 MR 4EE, H
F kA AR 64 KB 5E—AMRAN 6800 HIia TN 1 MHz, {(REEFEZ R T 1977 454
T IETEE S B 1.5 MHz F11 2 MHz BORRA,

XAy B AEFESS” (single-chip microprocessors ), ASAAERAM
2 “HRUNAITHREAL AR IUR T EN IR BR MRS 2SN, THREAARER
fh—Big s, EOEQFE -BEYIGRINAERER (RAM), —85ER PG RERATHE
MRS (RN ), —L PRIt BT R B R & & CaHiges ),
AR E A — S REAE AT A AR T e R BSTEE 21 TN Eix ettt

B, WEBADRIFAM R — P RACESA S . SRR, FANEES
15— EEAE DR B AR R HLERIE Sl AT, £E58 17 BERAMELMEM THA
BIEEDEMA e, BAERIHREMEHES[IMNERE SR B8, DI EN
RIS L AERER . #AUWESL, T IR LIRREE, AN e — DA
BEFMOT UL AR ARG, BRI T i RS A8 . flES,
Fr BRSO 1S & S R TR RS B 28 1 LRI EE

8080 F1 6800 HJ2 40 NE M B LB o (X B i WA 1C HERA N 2 T,
1/2 33, 118 H~HE,

N
T
W
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T RSB RETHRIKEHRRNES

¢
i

YR, EATERIRRSMNEER . HREmES I RIER/ D, SlanfE R 8 A
ALERER, REETIEAE] 14 7T, MR R UMY N ERIORES A, ELE R MR
T ACER AR AR U IR A R, PSS T 8080 i 40 MEIMTHEE R IR o

S

Ay =1 40— Ay,
GND —4 2 39— 4,
D, - 3 8 A,

D = 4 I e Ay

D, i § 6 A

{3 - 6 35 A,

D; - 7 34— Ay

D)_ - 3 33 —» :\7

D, i 9 32— A,

D, - 10 31 —» A

Ssv—f o fmel 50 Ly,
RESET —=i 12 29 A,
HOLD — 13 28 +12V

INT — 14 27 b= A,

A —» 15 26— A,
INTE - 16 25 e Ay
DBIN <+—i 17 24— WAIT

WH «— 18 23 le— READY
SYNC <—i 19 22 le—a,

+5V — 20 21— HLDA

A HERA T OIS TR S A R B AHLIFOR R . 8080 F—MERRI
WA ERE= IR B 20 KR SV EE; B 11 FERE-5V INE
Fe; BB 28 T8 12V AL R 2 et (SRS/RTE 1976 SRR T 8085 .04, HK
BUR B AT X 2 L YR K )

HARE A A F L. WEASIHNFELRFEXZ M (output) 55, Xf
oMt EE, RN AEMS A ZESmE. BACHNFTARIZESR
—MRA (input) 55, ZESHEMOF EH, I 8080 CIA X HMIN , F—EHE
B RN .

5517 BT RARER R MRS IR H T 1E. 8080 FEMMARRIKIFISH 4
A, ENRMERAGE 2 MHz, S5 BkRC o Mgy, MTER 22015 b, XEFEA
PATR 030 Fh A AR AR 7211 8224 IFPE 5 R A:-887™ 4k, O 8224 #E8%—~ 18 MHz A H
WIRE, BEREMITUSEREARTET .

—MSORRER A SRR ORI E S T T 5 S0
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19 FRARNMLES

SRR R BT Sk 2 A A/ NE AR, 8080 A 16 M HT I HIES, FRICN Ae ~
, EiERe] Sakas RN 2", B 65,536 715,

8080 &/ 8 PIAUAUEIERS, AL —RMHESR B ATFEREA 8 iR, %
SHIEAFARIE N Do ~ D7 I 8 NMES, XA SRS BE AT A X
AR HIE S . YRS MRS - T, XEERMTIREERA ;
LGB R AR BN — T, HIhEE R M

SRS 10 MEBIE#HES (control signals ), %1, RESET (£147) WAHT
PR BRI E L. MHHE S WR (AR ISR EEEFE A RAM hS5 A KGR
( WR {EEXFIT RAM BEFIBEIN )o HESh, SOG4, 7 b 2] — s
EESSHBED, ~ D, R, £/ 8080 HHMEN RN AZEE R 8228 R4
HLSFRBUF s EE 5. ARLRIHS R —EEHE S, B 8080 MinHlfES
ARHEERN, Hiit, BRIEFHESHZCREE—G BN, B0SHFA B X )
&5 Lt ZHFERR AL,

{RI% 8080 FALTHARERE | —> 64KB HIFfERS, SRR IBIREM RS BIRTIA
RBT AR

8080 WA E LIS, EINGUEAETFAERS 0000h HHHAL R F S EARAL RS, B e
HHE S Ao ~ A Hid 16 4 0 T, eFERR=E LR 8080 154, EHGZF
TR R AEFES (instruction fetch ),

5 17 FRGHOIEENR, FrEiE4 (BT HLT 54) #23 MK, 1
FHMORIERF 2 FTR0MEE . 7F 8080 H, HEAMWKERDIZ 1 . 277, ;&3
FH5, TG4 8080 MAFAERSI— M E NI 7 I BIBALTRES, F7 048418 8080
B— 50N ERES SN TEAE SO E bl s A LETE4 8 8080 ZEH PN HUTII AT
1A RAM, 8080 BT — K14, BENFMHEBMTIE L84, HRiLAH,
XIS SHATE—RMK T EIIRT, ATAR R — LRSS,

Y 8080 DAREIHEEE 2 MHz iz{Th, B/ FHERE Soons (1 + 2,000,000 =
0.000000500s ), 5 17 ER AT EESEFEE 4 MM AR, 8080 NELIELSFH
F 4~ 18 MTHA, XMEREESIESHBATRIELY 2 ~9pus.
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- SERARANE

i

A TR E AR S I ThREI IR A MR R AR e B E S 5.

17 BEREEROTEIUNERE 12 &84, — 8 (AAFEBIEABIRE BiLE
256, 15 -FIESHRIERHE —MEEM 8 M3 (MR FEIELSEE 2 TR,
HIE4HESH A ), 8080 BRRAX2L1ES, HEHBESCKHBEAER T 244, XER
FKUFRRS, EMEE R, HInEEH AL 17 BRTHENSEK, B0, SRR A
8080 FATHZEEREEE, RIRBFEHCE /NI,

17 EYAHEIT, ATHEMSIRES, BITDVESNE SIS HRIED
IR T —/NMEBRAVBNETT, T EHE DR BCR R FTLAF RS XMBhERTA
SEAEEAVE AR IERN R, ExtTAESERAHIN, BTN T,
X F B AP SCARII S X—FFTR Ch T UHRR R, A5 T Intel 8080 HiHASCRY
Hh B RIER S BT Bk 3R ).

17 RO RN IS SR ERERAEFERRES, BIWRZynE (Load)
FURTF (Store )s HHRAGLH 3 ANF o & Load $54H, F-AFHEERMAW, HiEW
BIANF VW REMBOBRIERN 16 Aot MAEBIPATIEIE SN, S ZiEE I
T INERE Rings. SZAREL, 24 Store FHSBHATE, RINEF[HHINTRRE T %1
SHaErat .,

AT LA BIERAE AR E S L R

LOD A, [aaaa]

STO [aaaa]l, A

XER A FREMEZ (BEERE Load 1541 HHIIRIERHLZ Store 54 HITRBRIEEL),
aaaa o7 16 NIFOFEAERRHIbE, HE A 4 4 16 SEHINEBORZ R~— bk,

5 17 FERRINES—FF, 8080 1Y 8 L7 R MAFthilg A. 8080 A 55 17 EHH
MK Load $84 0 Store $54 BRI L, EATBAMBINER( Load )AI{RTF( Store ).
7E 8080 H1, MNEFE S FIRIFAELSHRIEID S BIZ 32h 1 3Ah, FMREIERHBRIFERE
—A16 Rk, 7E 8080 A1, B IRBCTTS BIE STA ( Store Accumulator, F/RIE;
B EEE) A0 LDA (Load Accumulator, ZF/R{EFF 2] RN ):
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19 BRADNRILRESE T

BRI B %
32 STA [aaaa], A
3A LDA A, [aaaa]

8080 /5T HIHAL IR SRR EER R INZRSNE W B T 6 Mo /7% (register), BT8R
AU —A 8 A XEHF AR MASAEEARCL, B3 E RISy —Fbs Bk
MFHFR. X 6 MFFRMANEFE, AP LMEHFRE. LHEFRTUHEBEMNE
ESENF 7S, WA DIRBIENF R R, YR, HbnFEsssg 2
FrRAMFEERTEE, i, HBEA 8 EdHMN, HERARREIRMSHAZ
REBHAMFFR,

£ 8080 11 B, C, D, E, H M L RFHIEH 6 1728, AMTEEXHULTH
ANERR: R 2AERAF G RFoR? 7, UK ‘1, TRIK FRRFEH247 7 BRE,
/) H A L Ran 2 F A2 MR ERKRNE X, HWLARKESE (High) i L /TR
RFEM Low ) HHIEHA 8 AIF 1785 H AN L AREFMB— 16 AIAVE 7250 register
pair), R HL, H FXRGRER T L FRBFRTET. X4 16 MAEE ¥ AR
sk, HANEETHER CREAUFREN AR LN,

FlE R BN AR DRS485 17 ERENHENHINSH F /738
RUBRE? MIENC ¥, XBFFHARLEN, £ 17 EWRAEMEIEN, BEbRN
AP ERENHEHRRKRRSG E. RETEHRFEFENAZIZ N EEE, BixSBdEs
A F I 8t TP U AP R AR BT IR, ROOAR FF UA RN A7 RO TR B0l D HoA T B i
tRo

Tt 8080 HA—KIELEDRIET 63 NMEIER, X&HEAELRE MOV, HI Move 48
5, HEZELSR LB TNHES, EEERARE-NFERTRRNEHBER S -1
1788 (W ATEERRRIF RO 1E8% ). [H 8080 ASALTHESE T T 7 157788 (5 BINEs
W), EHR AR MOV 54 2 RIEH .,

FHEFH T AT 32 45 MOV #5%. B—KIREEMR, MNSEPANRZE BIRRER,
AR IFRIEL
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T A REETRIREATRGES

BAER B 2 BR1ERD B <
40 MOV B,B 50 MOV D,B
41 MOV B,C 51 MOV D,C
42 MOV B,D 52 MOV D,D
43 MOV B,E 53 MOV D,E
44 MOV B,H 54 MOV D,H
45 MOV B,L 55 MOV D,L
46 MOV B, [HL] 56 MOV D, [HL]
47 MOV B,A 57 MOV D,A
48 MOV C,B 58 MOV E,B
49 MOV C,C 59 MOV E,C
4A MOV C,D 5A MOV E,D
4B MOV C,E 5B MOV E,E
4C MOV C,H 5C MOV E,H
4D MOV C,L 5D MOV E,L
4E MOV C,[HL] SE MOV E,[HL]
4F MOV C,A 5F MOV EA

XS RIEE T, FIT L IFE-S R LA (30— B 7S AU S
BB DA MELEERIWIR— T HL SRR 4 5459

MOV B, [HL]

BTV LDA #54, EALMBRZITHHRIEBMAAE SR HEIEE R I35 LDA HFR
JA BB 2R IF R 16 (k. 78 FISHIMIESH, MOV S F MRS
HRE) B A AFAR, (XTI 16 A AV HUE HL 2R 47855, HL ZERHTE) 16 f7
Tt Ra Ut iOWE ? IXFFARERRR, AIRZ T 0:A LA, boam@nd FA RSl

BMEz, T THXMERES:

LDA A, [aaaal
MOV B, [HL)

BT N E W MNAFRARMA RS, (B e 1332 a 7 A,
F—M N T4 (direct addressing ) 5 55 Z FJ7 AR iR 8 T4 (indexed
addressing ) .

THEA T HA 32 £ MOV 184, BATEE HL REM 16 At th T AR
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19 FRARIMOAMINIEE

HARRIER

BRERR 8 &€ R1ERS B £
40 MOV B,B 50 MOV D,B
60 MOV H,B 70 MOV [HL], B
61 MOV H,C 71 MOV [HL],C
62 MOV H,D 72 MOV [HL], D
63 MOV H, E 73 MOV [HL],E
64 MOV H,H 74 MOV [HL], H
65 MOV H,L 75 MOV [HL],L
66 MOV H, [HL] 76 HLT

67 MOV H,A 77 MOV [HL], A
68 MOV L,B 78 MOV A,B
69 MOV L,C 79 MOV A,C
6A MOV L,D 7A MOV A,D
6B MOV L,E 7B MOV A,E
6C MOV L.H C MOV A, H
6D MOV L,L 7D MOV A,L
6E MOV L,[HL] 7E MOV A, [HL]
6F MOV L, A 7F MOV A,A

Hig—Le45San:

MOV A, A
HASPITERXIERIE, Mifh4d:
MOV [HL], [HL]

RAGEER, BEE, 526NHEARE HLT (Halt) BSR4, R HZIESNE
X%{gﬂ:o

BT MOV BYEMIAE A4 THRE, MOV BYERH 8 74

0ldddsss

Hrb ddd 1X 3 2 BFRREBRIRE, sssiX 3 R FRAEEIORE, BAITERNENX
W
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T AR REEGE R

000 = #Fffas B
001 = g% C
010= #Ff73% D
011 = FfF#% E
100= #Ff#s% H
101 = %788 L
110 = {7y HL (RAFMAFERIIL RS
1= 2 A

flan, B4
MOV L, E
X R AR ERS N ¢
01101011
B+t I3 %~ 5 6Bh, X SRS H R E—EN,
AIPARABE—TF, 7E 8080 IR AT RERIXFENT: FRich sss M 3 A HT 8-1 ks
7%, BRICN ddd 19 3 AR IEH) 3-8 1R RS DAL B— AN A RS BT T .

AR B A C WA LAHE R 16 (TR BC, FIRHEATER LA DA E AR
fF#5%) DE, SRIXEE AP 7280 th A0 B BBk R I T A0fF e aithut, IR LA Tl
% KB .

R w2 RAET E 2
02 STAX [BC],A 0A LDAX A, [BC]
12 STAX [DE],A 1A LDAX A, [DE]

R—PEREE (Move ) 1ELWRMUE A BIEL ( Move Immediate ), ‘BHIBNZAFS
it MVIL, % EIBHES B — M NF RS, B DT AREN, E2AREEE. X
NRFTIRIEMN RSB R AN TR, QRS SERhEDNE ST, 1%
BT HL F 40 TFiko
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19 BRAZSAGEES T

$R1ERD g 2
06 MVI B, xx
OE MVI C, xx
16 MVI D, xx
1E MVI E, xx
26 MVI H, xx
2E MVI L, xx
36 MVI [HL], xx
3E MVI A, xx

i

Bilgn, L5

MVI E, 37h

PITIE, F4F8% E BT R 37h TRRNTENBNE=FT a7

it (immediate addressing ),

SRV

TERIIH—MRIEGE, 1 32 MRIED, BARETER 4 i KRG, X
SRS 17 BRIMEIERNREANIC SRR T, B2 (ADD ), #Azn#k (ADC),
Wi (SUB) FfEfziik (SBB), FHILAEE], EFTAINGIFHR, Rinst e Hnct
R —MRIER, RN FRRAETRESER. XEEST,

BRIERD B < BRIERD

B 2

~
80 ADD A,B 90 SUB A,B
81 ADD A,C 91 SUB A,C
82 ADD A,D 92 SUB A,D
83 ADD A,E 93 SUB A,E
84 ADD A,H 94 SUB A,H
85 ADD A,L 95 SUB A,L
86 ADD A, [HL] 96 SUB A, [HL]
87 ADD A A 97 SUB A,A
88 ADC A,B 98 SBB A,B
89 ADC A,C 99 SBB A,C
8A ADC A,D 9A SBB A,D
8B ADC A,E 9B SBB A,E
8C ADC A H 9C SBB A H
8D ADC A,L 9D SBB A,L
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- G B A E RS

8E ADC A, [HL] 9E SBB A, [HL]
8F ADC A,A 9F SBB A,A

BRANBINEE A FEHIFETZ 35h, BINEE B FRHF R 22h, S BEEH .

SUB A, B
BinsRhpEd )y 22h, BIAEYIMZ,

R BINES A PEOEH 35h, FFAERS H M0 L R B2 10h F1 7Ch, TGS
HE 107Ch A FT 0 4Ah, 154

ADD A, [HL]

EEMESETHE (35h) 55 Fe5x HL 34k (107Ch ) 75355210 E0HE (4Ah) 8,
HAETHEER (7Fh) BRI BN,

£t 8080 H1, fH] ADC $54-#0 SBB $5& FJUAXY 16 f7E0. 24 ¥, 2 flHEES
WRBCHTINE . ButiaH . B, RSS20 BC M DE & BRI —4> 16 fi
WE, FATEIEXPEAEHEM, RIS RREFAFELRN BC H, BAEMBIENT:

MOV A, ; IRFIHRE

c
ADD A, E
MOV C, A

B
D
A

;TR

MOV A,
ADC A,
MOV B,

F FHEBTES,  ADD B4R FETIARMN, A ADC {843 1548, Ky 3548m

AR SHEANSETREEY, AXEEEARETD, FMART 449 MoV 184,

XEENAE 8080 1 HELH R MEHHTHEEE, BIERE BINESEER 2 A3k E

&%, HEITE 8080 IR KEMH MOV 4,

MABARITIE 8080 MIARENL (flag ). 58 17 iR IHALIERRCLH 1 CF (HAAT
AL B ZF (BARERL ) ARERL, 7 8080 XM T 3 MyEhr, BIBE/FSIREL
SF, ZHBARENL PF FISHBhH A7 ARERL AF. 7F 8080 i, F—N& 1100 8 A& 1788 RAFH
FrEbrEl, EHEERHMBARFRAT (Program Status Word, PSW ), REHHEA IR
EMAARFERET, LDA, STA 5 MOV 14 HRAEALEMFRESL, i ADD. SUB.
ADC LA K SBB 1842 EMpREA RS, BAEHNT,
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19 BRARMHILES

¢ MREHERWEEIE 1, BLRSIEL SF FREME 1, RrZitEERL
AL

s QURIERERN 0, MTAREL ZF H 0.

= MRBHEERD “17 WS, BNEAEEM (even parity ), WATEFREN
PFH 1; Rz, MR “1" FWHESH, NeHESEREFETEM (odd party ),
W PF ' 0. tHT PF XA, AN SR THRBRIHIREE . PF L 8080
FEFFHIEAE H.

o FAARENL CF TS AUANEE 17 ERAMFE AR, 24 ADD M ADC B8 =47
2k # SUB #1 SBB iz H A KA, CF#FEL 1,

» SRBDSEAIFRES. AF U EIEH LRI 4 (e 4 (oF S 4 8 1. ERAT
DAA ( Decimal Adjust Accumulator, T-3H AR E NS ) HBLEH.

MHRME RS BRI AREN CF,

1#1E% £ % g X
37 STC A& CFHE 1
iF CMC 4 CF B{RL

217 EE T ENLAT LAAIT ADD. ADC. SUB #11 SBB #84 ( BiRELZ RiEH),
1fii 8080 ThEEF gk, BREILAIT AND ( 5). OR (8k). XOR ( B&) HiBHiaH,
AERBEREZETR R, #2MH 8080 A EAZHE BT (ALU) FR5TKM.

VAT 2 8080 B RGEHMMZHEEHERES,

R1ERD i % BIER 5 &
A0 AND A,B BO OR A,B
Al AND A,C Bl OR A,C
A2 AND A,D B2 OR A,D
A3 AND A,E B3 OR A,E
A4 AND A,H B4 OR A,H
AS AND A,L B5 OR A,L
A6 AND A, [HL] B6 OR A,[HL]
A7 AND A,A B7 OR AA
A8 XOR A,B BS CMP A,B
A9 XOR A,C B9 CMP A,C
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—T GE—REEHENKEE T

AA XOR A,D BA CMP A,D
AB XOR A,E BB CMP AE
AC XOR A,H BC CMP A,H
AD XOR A,L BD CMP AL
AE XOR A, [HL] BE CMP A, [HL]
AF XOR A,A BF CMP A,A

AND, XOR #1 OR #82#155 (bitwise operations ) 154, LRI TiXebiZ4#H
EEES, HBERNE - MNNEEH0EEN, Flin:

MVI A, OFh
MVI B, 55h
AND A, B

REE B INZRHERE S 05h RAHA HE 3 £ H54H81E OR, N BRARNE RS R 5Fh;
WRHLE XOR, MEERNERT 5Ah,

CMP (Compare, L) $5<1F SUB <R, WRIEMMEHRR, ARZAET
EHAERMEH R REER, HENBREA T REREA X MREAIE L
EIRBATRMRIEB RN R Flin, BHAEETERHES

MVI B, 25h
CMP A, B

BAPITRE, BN A MR EHRAE T . BEERRIRESIE , 2R A HRMEE T 25h,
MZThrEN ZF B 1; R A BfE/NT 25h, Mg ksEA CF & 1,

FIRER, WRTDAR SZEPEGHATIX 8 MEAZH HE,

iR B £ BRIERS B €
c6 ADI A, xx E6 ANI A, xx
CE ACI A, xx EE XRI A, xx
D6 SUI A, xx F6 ORI A,xx
DE SBI A, xx FE CPI A, xx

Blgn, FTLAA T EX S RER EEAHRRAES:

CPI A, 25h

THEEFAEBI 8080 154,
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19 BRADNRLRE T

!

1

HRIERD i
27 DAA
2F CMA

CMA & Complement Accumulator 85, ‘B3 BMEFHEHFEA R, BN 0 &0
1, 1354 0, B0, Bmeshioniz 01100101, H CMA &4 )5, RINESHhIEEK
AEUZ, 18510011010, FRATA AT AGE R G0 T 545 BN O :

XRI A, FFh

B4R EiT, DAA R Decimal Adjust Accumulator 455, B-+3& AR R Ings, ©
ATRER 8080 HREZM—&1ES . 7 8080 MAbFR St & 3%t T — AN e B/ NaRE:
EKPITIZIES

DAA 48R4 T —F A HIRR R BRI 2, #9 BCD B (binary-coded
decimal ), F2FF AP LATE AR A MBS RD T SCBlHt S E ARIZH . BCD R A& R
XN, |4 h—B, SRR ETEREE: 0000~ 1001, X 2EHIE 0~9,
B 1 FH 8 A T4y & 2 NBE, BAE BCD BB T, —ANF WA LARRMIA+
priioIEs

Bk B ngs A /£501,2 BCD IB3R /<[ 27h, TAREHE N 3% 27 (EB%, +
ANFFHI 27h IR HHIRUE 39 ). FIRRIGEHFRF B FHCE BCD B3/RM) 94h,
R STan 54

MVI A, 27h
MVI B, 94h
ADD A, B

B ERR KR E BBh, Y%K, XHEAE BCD B, H4 BCD & 4 U4
B FrBER R+ BB A T 9, AT, UFEITITHES:

DAA
MBI RFATRGTHMER 21h, TR AREN CF B 1. BENT#§I 27 5 94 4
EOZER K 121, BEFIAEE], R BCD BT RN EAZ R R EH,

‘ 75 8080 FEFFH, AR ABGHTIN 1 ki | SEE. 7558 17 EROTER
AT REN—ANBOR 1, BAHEZES FFh AR, ©R2-1 1945, 8080 2t /% 1H0E
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A FRX A7 2R SRS TP IOBGHATIN 1 (BB SRl 1 (MERE ) #1F,

$R1ERS B % ¥R1ERS ' %
04 INR B 05 DCR B
0C INR C 0D DCR C
14 INR D 15 DCR D
1C INR E 1D DCR E
24 INR H 25 DCR H
2C INR L 2D DCR L
34 INR [HL] 35 DCR [HL]
3C INR A 3D DCR A

INR A1 DCR 252 F 5484, BT LAEEmER CF ( Carry Flag) ZSMNOFTARRENL,

8080 £ futE 4 PDEIENL (Rotate ) 154, XEEHES AL R N i RO & A 20 s )
aEh 1 7, ETREThE T,

1REED £ % B X
07 RLC | fH BES{E AR
OF RRC | HEMBEARLGHE
17 RAL | Hrdtprr) RIS EIA AR
IF RAR | Wt RINES B AT

e S HNERFRE N CF F R,

R BINSSHABINECGE A7h, BIZ3H$18 10100111, RLC 54 HA (&M A
01, EMGRE, KM (ZAWmRA, Gimhein) B TR E BRI
L, XEAEA SN CF R, EXAMf+H CF B 1, BEME RN 01001111,
RRC 54 VAR T A THEBAARIE. MR Z HIREGE 10100111, 4T RRC Z f5
¥ 11010011, [ CF & 1,

¥~ RLC Fi1 RRC, RAL #ll RAR &4 TEA RFEARE. 4T RAL F84RS, B
INFFrh I ERF AL A # . 18 CF HhRIERS = B inssrh s e —467, FIRHE RN
AR AR E ST CF. i, ik B insh ALz sir%U2 10100111 FL CF 40,
PAT RAL F64 5, BINESHR0EAE Y 01001110 i CF 484 16 250009, WA THIZ RAR

B4, B3’y 01010011 fi CF &H 1,
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19 WFARNHLES

LRAWERST BB ABGHTIE 2 (£58) B 2 (H18) BT, IR
AEAHEEARERER,

BATE A B 8 A LAk U5 A AR 2R FR 9 BEAL TS Rl 765 %5 (random access
memory, RAM), EEMFAER. HERM [ (2R, MukEssa]LL
RHER BT B ISR IEE AR T. RAM BE—A, BNTUBA BT
0l XMARRSE, EMGEEE MG LB, X TR
BHHWNE, RIONBEARLVFENBIINANES . B, chbbElmareg s, W
PHBATETRE — AN, TERHEEO BN, SR g EA LA
H), BARMA5R (sequential access ) [,

B, HEYIBNAERZIEFFN—FTUTX, NTEE GRS S
KB FE R, 2RI, ERLHEH T AR TFHTT R M F s th 2 A i, 41
W, TEETHEXAIEAE S BRI AR RS AETLE,
ALEWRI A RATHRS S, B—BULIFE MR ERMSE R, X TRl A
FORF AL, TEVRSEBUREI T AEZ BT B R B — IR TAE, HHEI S0k, Hit
AR T B —N sk, FHAEE FEATHF—A 8 A XHRgke: 1T 1F, BAaENHE
NEEARGRS T — L al — RPN TR, TRAITITE=A BT mMA A
b, #ETIE. MXMTAFEFRRSCM T TIE, TRIRRGETRNAN X,
AR AR FCEER TSR T .

YRATREE AR EE T, B b, XEHEBN ARG F R 7RIS RIRFH
o i FHERIH I ERRR MRS, Serx TIE 2 Jast T DAfEE TR L
BT, WKk, REAREETDAR ERE—Ck (BIRZNE—MES) F,
EATLARI K T 6

XM RSP EHERR (stack )o BEFISERRIY, BATTUAMJERED 2 THABRHIG 24K
BAENEAR, FHUMRMUF BRI, Hb 2SR WM S fEes
(last-in-first-out, LIFO ), #EARIOFE AU, RARFIMARDOEEREHIGH, &E
RAFRIER B RS B o

FEIRE, ETHENUrh AT AR, SRR R R R BT AR LR,
REHSSERUER, FETFEALA RS R 7 SR, BEEHERF AR
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T SR REEHENSR AR NES

RERRPELEN (push), fEMAEAREHHEERAIE BARIESEH (pop )

RIZIRIEAGRE— ML miE SRR, TEMBF72% A, B, CRIMERIE. £HS
BEFNSED, FEEIRFFRES—N MR, HEZMRWFERRF 435 A B,
Co MARATRZUHZIRIRBBIFORMMTT, HHIUMRBR%FFES AL B, C HFH
SFAFREIERHE

NTRIFFF45 AL B, CIREFHIVEEE, FIUAR P it X S SUR R B 45
ARFeatrh, FEITOHESRZ G, BEXEEENFEREBRI TR, HiX
G AFECRBIR RO, A 7RIS E, BATTLUH—FsEEm s =
RAEFRXAN B, BT A7 ae h BB R R AP I B AR P

PUSH A
PUSH B
PUSH C

PR B AR RIRX B 1R 0 KPRV X o AR EFENR , XS M R
FARPIASTRIF AR HAFERS. JEESPITZE, FAshREANEERZ
EHORAE PR, IRELRT AL FlX e F 788t T B TAE T o O T BURIR OB,
FILAGEF POP #5440 BT IMMAR S, 24 SR58 HH BT AN SR R N IR A2 AR o
HERIE) POP 8440 PR,

POP C
POP B
POP A

HKEC: JEtdeti. 2R POP 8L HIRUFFFES I, HasIR™ENER.

AR FH SR AR TI AR SEREL, XEMERIUH N — MRS
B, ERNERSHEFHESEHTFR AL B, C HNEBIRGFE T HtL, ERFNS
—BNFEEEFFRR C. D, EFRBRERNMAL, AJUMEA FEmiES

PUSH c
PUSH D
PUSH E

LU, HRBREF PR TR s SR R B O BEE BN = A 8%, X

Hof AR
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19 FFHEEAHALERE

POP E
POP D
POP C

B, mTAARHRERN, XEIRASLIARIN C. By A RS 2 AirsE H#E .

HEARRITHEE 2 EAESCINRONE? B2, HERRH SERUE —BHE AR RAM 26555 10], 2
X B2 [ AET o A BIEL . 8080 FALFRRSHEE T D& 111 16 i T asrhx BAFtE
81 FHE, XSRS IE RS IR eSS (SP, Stack Pointer ),

FERAFTERIHI -, T 8080 SR ikf# i PUSH #1 POP *f % A7 7SR 1ESbr L B AHE
. 7E 8080 1, AT PUSH #543Lhn F 240 16 I BUEERIZ I AL, YT POP 54
X AR MR R 2 A A7 85 . B, X L@ PUSH C, POPC %454,
TR AT T HMET

BAIERD i RES B <
C5 PUSH BC Cl POP BC
D5 PUSH DE D1 POP DE
ES PUSH HL El POP HL
F5 PUSH PSW F1 POP PSW

PUSH BC $54- ¥ %7758 B A1 C thiUXURFAEIHEL, 1 POP  BC IKLXeHE
MHAER X B 25 4% B F1 C W, H DORSIERMIUT . &5 1T840 PSW REEF
WS, WETFTR, X214 8 MFFay, MTREFREN.. &E—1TH PUSH A1 POP

BAHIRRERT 5 SThR 12 B MER N PSW, HJH: A\ FsH HH R i £ ih B e A1 PSW Hft)
NERAR . WRFEIRIE F AR kPR EMERERI A, TEAMER T
HIFES :

PUSH PSW

PUSH BC
PUSH DE
PUSH HL

HEAR R EAE LOEROWE? A MBaRMEAREEHE 8000h, 4#4T PUSH BC #H4 I # 25
KA T HRAF

= HErRFe4HE 1, 3/ 7FFFh,
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T R REE R RS

» FAEES B VPRI ARAT BIMERR FE SR, BI7F kRS bl 7FFFh &b.
= HERRFESHR 1, N 7FFEh,
v FERE C HN A SR B ARSI, BI7ERERR AL 7FFER &b,

AU, TEMEARTRSIDS TFFER MIEOLT, $RAT POP BC f8-4h &4 L IEHIZ BRI
WRPIT R :

= WerRFEEHS AU HLE ( 7FFER ) fNAINEE Bhngs .,
& HERRIESTIN 1, LN 7FFFh,
» WEARFEAHE M RBIE ( 7FFFh ) PN A INZEE B B,
« WeRRFRSHIN 1, 4% 8000h,

BHAIT—5 PUSH 154, HALEIIMPADFY, X ReaSERF HI 2/ ME
R HER T RE S AR, B s A RS D R AT RURE T R RO RS B . X
SERBARIEHEARR LHE (stack overflow )o 8MURI, IRTEREFHE L MR T POP 155,
]2 B R e e AR R RO B N T S BOS IR St R, XA B SLAR DV HER T &R ( stack

underflow ),

IR 8080 TERLAIR —> 64 KB IUf7ffids, /RAJRESTHEARIRSHRIAA/L) 0000h, 24
PATHE 4% PUSH F84HF, HEARTESHS 1 450 FFFFh, B8RRI — MOFME R
TCo XN, HERRRIAIIAM B AR i, EORFIRESE R M 0000h T
SR, IR AR R R R R B

8080 f H LXI #54 J Ak F1E88IR1E, LXI 2 Load Extended Immediate (455, B
InEY BRZEIE, THRXSEES BRI ERIMANE N REE] 16 1 F TR H,

e %
01 LXI BC, xxxx
11 LXI DE, xxxx
21 LXI HL, xxxx
31 LXI SP, xxxx
F4

LXI BC, 527Ah
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19 Fﬁf¢§ﬂ§$¥ﬁﬁ&tﬂ¥%§ff*“

T HEPISAESFT

MVI B, 52h
MVI C, 7A&h

LXI $59RF— D1, MH LRFERE—F LXI 5% kg st 7 — MRikm
o WHE MENIES AR B2 B E e PITHRIESZ —.

0000h: LXI SP, 0000h

HAURY, TEATLART B fraxd NIMEARFESHEEITON 1 2lm 1 8AF, BN ENIEM 16 £
1F8%o

1R1ERD ' % HBIERS i
03 |INX BC 0B DCX BC
13 | INX DE 1B DCX DE
23 | INX HL 2B DCX HL
33 | INX SP 3B DCX SP

MNTEPHER 16 (5%, HATIUAEE L6011 PEMIESICHIE 2 MaFreE
A 16 A1 FF A7 R RN E IR f725x HL e

#1EMD ' £
09 DAD HL,BC
19 DAD HL,DE
29 DAD HL,HL
39 DAD HL, SP

REAGS P LARBDIRIE T flin, LS54 —REH FHEE 6 M7

MOV A
ADD A
MOV L
MOV A,
ADC A
MOV H

> oW ooy O

DAD 54— ik tH i tgastoht, RO dEAdnE Az CF A ni .,
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BT RBEABRINN— T & MEAERNIES . NHRRESNF SR RIEEEHARE 2
FHRHHE, B4R HL FASNHRNEREERZ L, 8 R4 EZHrN
N E HL &Fi728x.

B1ERD £ % E X
22h SHLD [aaaa], HL BHERE HL ROEdE
2Ah LHLD HL, [aaaa] EEMELEEE] HL

T8 L BB aaaa, & FEY H BB {EE L aaaa+],

THMBARESLFAEN HL RO NS EE i Es fdetisst,
EE B % T X

E9h PCHL PC,HL ¥ HL RERNEEENEREFHEES

F9h SPHL SP,HL B HL REFREEE ISR s 5t

PCHL 154 A5 LR —# Jump $5< , ‘BIE HL RIFIOFES I BB 5 vH s
i 8080 AMFRAF LTI IS 18-S R RRRF THEES AT IR 2 A I e 4
SPHL #54 A] LML S —HMug itk fasHRE IR 2

THHBPIZESH, B8 HL REOEEE SHR TR 7 T08,; -
1548 HL (RAFBIRFIEF 7254 DE SR T H .
1#1ED £ % = X
E3h XTHL HL,[SP] | #& HL AN FIHERRTIER 2 N gk T3c
EBh XCHG HL,DE #2 DE g HL R AR T30l

BRIt B9 PCHL #5490, BRIAIEERRANELL 8080 MBS, WE 17 &
ATk, TEALEERh E 11 [ — A RNER T ES PC S, THRGRFAESEE
B HATRE S T8 L. 8%, APESRTT PC 35S | PRSI T A28 R E R 1R
4, BE—8H4, 0 Jump (Bk#EE ). Branch (43 ) 8% Goto ( TLE&MERE ) —— (4R
A BRSO BATIB Y o XEAESf PC EFHME S INOE, AR EHS TN —54E4
TR B, TR BRI T4k

LR, BRI EBE TS SBE —ERER, (BN 17 EERINER T LIRIHE,
ZAFBE#E (conditional jump ) FESHIFERIE R Bk HE S (AL PRSI RIE AR E AN
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19 FRAREAMAESE
RSB RO ME, Ok R T LR AR E LT CF. TAREM ZF %, E2mT4
KRS BIN, 217 AR 0 E BB A Bl R R BB T,

8080 7 5 My, HH 4 NFTHTEGBETES . 8080 X HF 9 MREIKBkEETE
&, R T AESRA- B4, L H S HRHE ZF ( Zero Flag ). CF( Carry Flag ), PF( Parity Flag )
DA SF (SignFlag) 20 1 BRSBTS

TEN X LS 2R, RN AS Jump SR BIANFIFIES. E—FR Call
(M) 8%, EM Jump #5480L, EEERTARIIE: $UT Call 1845, FRFFiHEEs
( Program Counter, {EiXE85 R EHR PC ) MiE—METiodiht, TabERssSm kit
HEARAFEER, RAFEIFIALYE? BEFMER R T .

DXAPREEAE Call $54-HBHId R T “MMI4bBEEE” (where it jumped from ), BIfRTE T
Brie 2 BIRARAE B MR IR RO FT DA AN S I S R M B R 2 B2 B .
TIREIFHEA RN Return (3RE ), Return 84 MHERE ARSI F4, FHIRei1nE3)
PC i, XEERRSTAL T IR ] B BkEE s TAE

XHALATALERER KL, Call A1 Return $5SEPAFEEE, EEAIEBIT, BFRA
PR HTH2)F (subroutine ), TR — B B AR 52 0k E DORERARED (X
B “WE” BWRE ALK NTLEESRHE, TRFSHEANARIS .

WHATRE —MEATF RO REIFERS MNLFRESRT, ERFHR
MIBEIRFEIEMA TR, FIRRE 7 —BH TR BRI, SREgam
T, RPN - MIBRETFER - KNEANFEHER. HARELSIERA
FIRRAOKE, FTURFEEEEHXEREEIL T, BREAME? A2 FRi
XM ESMA IR RIOMEAR, BORXFHEICAUPRI 7T HiR 247
fEz=IA], — BT R Sl S R ANBRSRE RS B . EREEEN Jump
TS ARESERXAMNRE, BOMEBITIRIEZ R AR R MR P 0 Y BT 8 o B
T EAE Call #5410 Return 18-S RA BRI IhiE

PRSI ORI — IS S T LMEN—A TR . PEBRIEERXATRT.
HH 17 FRRERRFR, B (LA SRRSO E AL E; T4E 8080
MFRERH, TRBABTRE S BRI T 735 B TN 1738 CH, JeBUREE] 16 (/78
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3 HL &, 8080 HySkiEFEFIT :

Multiply: PUSH PSW ; BEERHTFEENRABRRIEEHRE
PUSH BC
SUB H, H ; ¥ HL (BI3ER) & A 0000h
SUB L, L
MOV A, B ; REOEEEMEA
CPI A, 00h ; MBEREMBPHELE 0, MR
Jz AllDone
MVI B, 00h ; WBCHRETENO
MultLoop: DAD HL, BC ; ¥ BC FIAEME HL
DEC a ; FeBmk 1
JNZ MultLoop ; WMEAK 0, Mk
AllDone: POP BC ; R RENERERKEE S A%
POP PSW
RET ; IR

HE, FARTEFRETH—5E Multiply, 2458, s EXAREXRE TR
FFIEfpiE s PR it . T RFAETT AL BE ] TR PUSH #84, XRENEHTT
TRFOEGREERFREF AR AF 285,

RIFFIesn, THF THEMIORLEFFE H AL E oo RET RN MVI (5
B AR 1840 SUB 14 RIKBLZHRME, BXHRAE 4 NFEWAR 2 MFH
8. TRFPITERIE, BRARSRFRFFIEN HL H,

B TRAAEFEEFE B o (BIRED) #RBIE My A, HAMZERET N0,
mEA 0, WFEETRFER, BARNH 0, HTHABHMNMLEZ N0, LT ER
ATLAMER JZ (Jump If Zero ) 4 BRI FREHB S POP 154

WHRSREAE 0, FIEFSIEFFE B B 0. IMEHA354 BC FRINAE 16 A1)
WIEL, T RINEF AR TS B T K DAD 54448 BC (#3RE0) MBI HL (158
53R o AHISREUR |, WRERAN 0, MPAT INZ (FEZBEL ) 154, LS
i BC HXINE HL, XNMEH=ET, HEIBHROREES TRECOE (4RI
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FIFH 8080 FUFEA1ES % 5 — DA BRARE TR )o
FEREF T AN T S SRR AN AR, Bilan, 4E 25h A 12h A3

MVI B, 25h
MVI C, 12h
CALL Multiply

CALL $544E PC RMARZEMERR A, HARFRIXMER CALL #5410 F 44541
Huhk, 5 CALL a2 ¥R FBEERIARE N Multiply (5, BIFIRRFRRERAAL. 4
FRFSIVESRE, T RET GRF) 184, ZES RN PC ESRE,
HEFRER PC, ZERFFHHEIIT CALL 54 RHIIES .

8080 F54 R AFES M CALL F52 M Return $54, HEIE FARBURLL S4Bk
BY/IMFL, MHERFETEBIIL TXEES,

FH BRIERS | 5% | B1ED ES | BFS ke

None C9 RET C3 JMP aaaa CD CALL aaaa
Z not set Co RNZ C2 INZ aaaa C4 CNZ aaaa
Z set C8 RZ CA JZ aaaa CC CZ aaaa

C not set DO RNC D2 JNC aaaa D4 CNC aaaa
C set D8 RC DA JC aaaa DC CC aaaa

0Odd parity E0 RPO E2 JPO aaaa E4 CPO aaaa
Even parity E8 RPE EA JPE aaaa EC CPE aaaa
S not set FO RP F2 JP aaaa F4 CP aaaa
S set F8 RM FA JM aaaa FC CM aaaa

AESAPRRHMERT 1R, Frfaf T AR A AR RS EIOME—R . — e BmT
WA ARGl HEFERNRH RS (V0) ISSBANZE . SN &l g m
BresE,

AL TR RS R O 540155 ( peripheral, BR{7fEsssh, SHECEZHERNATE AL
ERI AR INERE S ) BEANEEIVE? SNEERECS T SAMRRAANED, MOIms
1 SHRFINEE ST R e bt (BIEED) WHITESHRIE, EREMAEEH,
ANEEIE % bR by T — Bl B ROk S ub g Rsndtnl, XFEEMMIEN LG 1O
( memory-mapped /0 ), {H7E 8080 H1, [ T E Y 65536 MHESh, HIMEHIT 256
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e REm R

HEETTRRG RN RS, 1 RIE VO 30 (VO ports ), /0 HHHESHRICH
Ao ~ Aq, B0 MBI RSHE#HEROBITRAR, MERX S H 8228 Rl
FHIBUHR S RARR.

OUT( Hth ML R MM BN S AR BIRIZHES R INF WA Tk 0 (port ).
IN (BN ) S IE—AF MR IEAB ZNRN. EIIrE L T A=,

IS k4
D3 OUT PP
DB IN PP

SNBSS AR F BRI ASA0ER . B, Y FEENEA SR, 4res
FzD FEBREIANSEG, XNEEA—NFRRE Cinterrupt ) FIALHEISTI, XE—4
FINER A=A RE S, EEZE 8080 1Y INT i Nif.

B2, 248080 Efifa, BEAFEMMHW, BT A23AT EI (Enable Interrupt) 64
K AVFHBT, SRFEHIT DI ( Disable Interrupts ) 2% |- FHBT . SXPIAHES 00 F Ao

HRAERD ik
F3 DI
FB EI

8080 HJ INTE #iHHi{ES RRIBIAMTR: Fo ¥, M4 SNBRE 2 3B TR AL T 2810 24
AT LAYERT, EFEEH0 8080 KU INT MIAE S Bl 1, 8080 it MAFfi=s HE I 84 3R I 57
Zy, FREEESEEA TR LA, SN E R NH 4 kmE 8080 fabtE
%%0

BRI ok BRI ke

C7 RST 0 E7 RST 4

CF RST 1 EF RST 5

D7 RST 2 F7 RST 6

DF RST 3 EF RST 7
LIHFIHIX S S ABARYE Restart (FETHED) 454, EHHITHE R BTN

Al PC P BURRAFZIHERR, 1X— 55 CALL #5440, {H Restart #847E /17 PC B>
BV ZIBKEE R R ERI L, T ERARES B A RSB 2 ARk Hodn RST 0
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19 RRRARENEGER

¥ PkHE EH4E 0000h &b, RST 1 ¥4 E Motk 00008h AL, WKILAHE, G RST 7 #Bk
HEHaE 0038h &b, XECHHHFRINEDER R AR NN . BN, SRS
WOEAT RST 4354, IEFFEBEERIMbIE 0020h &b, ZHMERIOREDE it N 23
ANEE (REMOSBEEASE 21 Fik ),

BRIAIE, BIOIESENET 243 MRED. 7ERT 255 Mb, F 12 NMEHENBRIE
BEH, 412, 08h, 10h, 18h, 20h, 28h, 30h, 38h, CBh, D%h, DDh, EDh ¥ FDh,
THREEHE—MRIERD,

BRI ik
00 NOP

NOP 4 (BIFHB]) no op (no operation, AHAFE). NOP f5&HALFRRR 2B 1EH
APATo XPHEAE 2 40E 7 HE, BIREFLIERIIE TRSTAMEEM S, 8080
AJLABRAT—HHE NOP F5-4 A2 SRR A

A EE AHE R AHA48 Motorola 6800 FALFRES , A 7E M FNThEE /5 TH B 55 8080 JEH
AL, THE.E 6800 1Y 40 NS I ThRERI AR,

Vg — 1 40 le— RESET
TALT —» 2 39 le— TSC

g, —» 3 L -

RQ —» 4 37 |e—a,
VMA «— § 36 4 DBE
TMI— 6 35—

RA=<— 7 M4 W
Veg —1 8 33 Dy

A; e 9 32 e

Aje— 10 . 31 je—D-

A‘ﬂ_ n Mcesoo ol L

Ay 12 29 le—aD,

Ay« 13 28 D,

Aj<+— 14 27 e[,

A, 15 26 |[4—eD-

Az 16 25 = Ay

Ase—i 17 24 Ay

Ag‘_‘— I8 23 _"r\lq

Ajpe— 19 22 —* Ay

Ay e 20 2 Vg

T HEMR, Vi TR, Vo 87 SV RUEIR, [F 8080 —FF, 6800 thfh 16 Mtk

301 4



T AR REETRNSRATROAS

MHESHA 8 MUBESH, HrhBuRRESRETAAT A E St U ATHEE
5, BiEA—A RESET 5 53F—A R/W (read/write, /5 ) 55, RQ{ZFSfoFk
BiiE K. 5 8080 AHLL, 6800 fURTEMESEINFEA, 6800 AT VO WO, BT
FIE N/ & 2 (1 bk £ R A i 2l 25 R — BB

6800 H— 16 FIIFLFIHEER PC. —A> 16 (IMERRHESE SPL —A> 8 fUAIIRZSH
8% (FREREFARARAL), PAKBAA 8 fIAUR NS AL Bo A 1 B #a]LIRME NS (1
AR B A ERENZFARS), HN A M B MThaeZ AR, EMA A M TSR
Fi B 53, 5 8080 ARIA], 6800 KA R E HALK 8 (1417 as.

6800 BE T — 16 fIHES| %1758 (index register ), ‘B 7] DLFISEARAE 16 priattust,
HIhgES 8080 1) HL F{F280HAEML, AT 6800 BRI 54318, CIMHAEET LA
£5| 785 BB R EB R E ARG 2,

R 6800 STELAIIRIES 8080 RBARRI—INZL. fRIF. DNEE. Wik, B4, Bk,
RS, EX NRRIEBMBNCAT E 52 & AR, flgn, THHIHE 1 6800 f%4F%( Branch )

ERg S

BRIERS B %
20h BRA L2 4
22h BHI KT MER
23h BLS HESRNFUER
24h BCC Bk 0 R
25h BCS #Ah 1 N
26h BNE AHEE N
27h BEQ HENHER
28h BVC EHE 0 W
29h BVS REE 1 WSS
2Ah BPL HEE N

B X

2Bh BMI R B
2Ch BGE KFEET 0 MEER
2Dh BLT /NT 0 MIEERS

2Eh BGT KF o NEER
2Fh BLE INFEET 0 NER

w302



1o mRARMHIEE

5 8080 A, 6800 A REAMIREN, TRKRE I — MaHFRSAL (Overflow
flag)s FIERORASTE A KT ARSI S (combinations of flags ).

5K, 8080 F11 6800 HIFESERAFN, BARXMBCUH TH—FELA, HEMNRH
BT AREARBAARR IR . XRER T ENZ RIS, He(Tr
BEBATH T ROMLERS, A—M O RENILRESEF WAREA MO LdT.
1145 55 REFE AN IF AL ER RS TR THRAR A2 58 24 B R

8080 1 6800 KB — 1HBHXHZ: TER MDD, LDA 1548 MNFEsr0F
EHHEE AR IR B ngs. #lan, 7£8080 7, THMFETNHFY:

3Ah | 8080 LDA 154

7Bh

34h

BHEFAE SRl 347Bh AbMF 1IN B RINAs . WAEXSEL— T 6800 f) LDA 154, ©ff
i 6800 ¥ B F 14538 (6800 extended addressing mode ):

B6h 6800 LDA 54

7Bh

34h

L+ ERX AT T FYEBIIEMEES 7B34h ML T InE R B INgs,

MERX BIERAMDN. YK, FRITREZLEET THREBEIARE . 8080 HRIER
& 3Ah, [fi 6800 FHRIERLRZ B6h, (H2RFMHALEE RS SR 7E B ERD 5 otk o4 3
AR, 8080 E#AXFIER, BT LS ; M 6800 Bk E T HAERl, KF LG

Intel 11 Motorola FMALERERAE PRIF B F T EUBINRE EHOIRAX BIMR S EIER. B
BAR, FRIRIOBACERRARE S F RN, (DARIERMER T R RATE (H
R, TERIRHIAEAL ), T Motorola FURALTRAR A IRIF L7 W EURR, (HAIEREHX
F AL ERHTH

XFFARRE R R4 BIFRA little-endian (Intel 5=, ) F1 big-endian ( Motorola 5=, ),
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— BB EE B AR ENES

S HF A 2 A —My NE R4 EBNE, BIEX 282, JcEAhHE big-endian X
RIBH HIRHZR - BB (Jonathan Swift )IR) Gulliver s Travels , TEHIR X & 45 ( Lilliput )
g BF (Belfuscu ) 2 TGS N ERS B M — SR e . Bt
XFE S TRER A EXK (B—HH, BAathil, EARPE 17 Z&HHEYET R
A RENAHATR ). RELRBENS MR LE N7, XFZRIFTE
TN FREAME NI, XFAELEE 217K litle-endian F big-endian RZRIHEFH
EEEN M.

X RVAL IR S G R L R AnfaIWE 7 8080 #F M HIAE—2E AFTBME— &M A MK
( personal computer ) I, BEHEMHN1ZERNTE XK FAHBK (home computer) L,
TEE Altair 8800, B E T 1975 £ 1 A Popular Electronics Z2EREHTE

Popular Electronics

World's First Minicomputer Kit
Models..

LIRET Altair 8800 B, RIEIMR FAUAT A e ERRBI IR AR . X AN AR An
16 T4 64 KB RAM REFIRT 096 “IodlEAR" A E2 B0

1t 8080 ZJ&, Intel HEH T 8085 .05 )y, MEAAREAZTNIE Z-80 5 A HIHIN.
Z-80 2 Zilog AFIHIEN, ZARIRIER/RARIKESNF, HER/RIVETE R HER
¥l » I3 4& (Federico Faggin) Blar, R - IFERXEE L 4004 O HOBHHIS 2
BT, Z-80 f1 8080 ST dfa, JHHMI M AZIEw A MMIES. 1977 5, Z-80
R % B FI7E Radio Shack TRS-80 Model 1 I,

FIFERAE 1977 5, HRER - AT (Steven Jobs ) AN FE - KN F (Stéphen
Wozniak ) G ZH3ERITENIAAIHES T H—™4 Applell . Apple [IBERABEFEH 8080
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19 FHRABNAHZS

thiRAEEH 6800, MEEH THET MOS BEARIEIMETH 6502 054, B 6800 FIR#
INBRRR A,

1978 £ 6 H, FEE/RARMEN T 8086 U H, X2 16 MAUGRALIERS, WRAFuE
IMB fH3EZS (6], 8086 HIHRTERLS 8080 AFRA, HEWA THREIELSMBREHS. —
FfE, TR T 8088 A, HAEEEH S 8086 ST AHR, BAESNTRUIAF IR
fr (BISNEEEO A 8 1) VHIFIFEGERS, FrRAti AR B0 8080 & THIUB AIRATIY 8 12
BISNELES A ( 8-bit support chips ), IBM 7E 5150 ™ A BT 8088 M, ixXFhit
HHUBEERRN IBMPC, T 1981 FEFkEHH,

IBM K2#ZFEA A B (Personal Computer, AR hEHRN PC) fdidgxhlb A4
TEXEW, FEARIEHERT SN AUTBYHENYIE (RENEXEBAMERLE
BHiEFE@he ). LELK, “IBM PC A" B RT “Intel inside” (BIREAER T Intel
WALTESS ), X EHFHS Intel x86 RFIHALTERE . x86 RFIHALTRASUFE 1982 £ K 186
ASEFN 286 5 H, 1985 AR KA 32 £ 386 A5H, 1989 4R AR 486 5. M 1993 ETT
o, TAF/RATHE Intel B (Intel Pentium ) RFALIRRS, TIXNREFIIAS8ET 2
MLAT PC 3RAN. BIRXLANRISFHISSHRAE Y B, HECIWHRSRET 8086
HORT A R AR RS RO R ERD

3 SR\ IR Macintosh T 1984 SR 5K &40, B R HBEFCZ hil 68000 fikbFEEs , 68000
216 (LIRS, 2 6800 TP, 68000 RIS A5 (IBEHCh 68K &F) £
B R AR R TRIPH—2K,

M 1994 FEFHEA, Macintosh WWEAUIT 265 H PowerPC fAbIRRS, ZALHE RS R HIEEFE
Fhi, IBM DLRFERAFBEGIT AR PowerPC 2K H RISC (Reduced Instruction Set
Computing, ¥5EESEITEN) MU AREMITHY, H B S FE )7 mi
RIS AL FRRR AR A . £7E RISC THENLH, EHIESHMEEKM (PowerPC HZ 32
1), RAEMEFRREFMIE SR TFER, H A RRRE ISP IERIE, RISC ALFRES &
BT RENFAR, XARERE R B R SiE TR

PowerPC HiIGE &AL, HIHARREHAT 68K RINGUALIRERHHKAS, SRif,
H T Macintosh TR FA) PowerPC fHALFERS PTG (emulate ) 68K RANGHALFEES o
121T7E PowerPC IR FE—H A 68K BITRURIER, HBUTHENKERE, BHRIT
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T R RESHRASRANRGES

;
}

HOEE IR PowerPC AR SHRESAR AR, BRILIERE TAE.

FREZEE/R T (Moore’s Law ), UGS RAERRS 18 M HB—E, AR
BREE(R] B INAIX R B SR A R A 208

— O AR RS FL AL PR RN IR B S — M 4 7. 8 fiz. 16 AuF 32 {i;
53— BeRTII0RARE AR HFE & Blan, BRI S R #3Hs Fl HE AR
fiied CBES 23 BHANE); BE - LHNNES RITER R, UEETRE
PUS E 2T AR,

IARALFRERE M 2RO R AR S HB T, Hh—FPE K&K ( pipelining ),
EDALFRER A BUT — &5 IR AU T — 20484, 2% Jump S8 —ERRE L adTX
FifiAE . MAALIERSEEIE— Cache (FERZEMIAAERS ), BRE—MEALIERNM,
HINGEEEE R RAM e, AIRFBACH SR BEPITIOIES . i THEYEFEE
PIT—E/ NIIFESTEER, 5] Cache AIDLEERR BMBLXEEIES. LERBIIXEIRS
B4 TR I SRR AR T B AR AR N BTSN BE S B0 R A A IR o

IEMATEATR RN, MUCESRREMIENASGN -85 (SERRERN I
) BASHEE 21 EMEXHE RS, @ﬁﬁ“c%#ﬂﬁﬂﬁ&b@ﬁ%ﬁ%ﬂhﬁ‘ﬂﬁﬁ, (&)
PR, BATEMNXEHIRH TR, ERMNALS ERERNE—FS, &
B S AT RESE,

» 306



ASCITHFi
T ¥

BB a2 — AT LAFRE RO R LU, It R BB R EARE R,
REDFICA R . BTN, BINELEE T At R R F AL
. AERATEHRM — KRB R A ERTFE A, B3, AFFRRRAREST
BE, BRUSMIAEAREN . XAEERERSHM T2 —s2EBE, HTAE
M. FASMIRATRENBEXARFE. 3%, RIBECEERIEIRTHER
MEERFERT, AMIATHTER, TATERSMMMT SR EIUTBOAIT H R

HTHIXAEARTHRTER, BIFEME RGN —NFRRT—HE—
IS, MEFRR SRS BEMCIARN—MIER, A LI O R, &
M52, FrABEFSHIRRNTEIET (Alphanumeric ) HF BRI, BHXMINEER
RV NERF 4S5 (Coded Character Set), RN RIS A ZRF b
( Character Codes )o

VLR UK, MBS NUER : MRS HEMARTE L DL



T B REE B S

!
i

ERAIE XN BB R ERATAR T,

L B AL RER TR ORI R, VIS e, BRINEESETH I L, SR
MAERREE AR ETHASE . FrANEREENS ATEREHIK
T, BEMNEAE, XAEROIERGERE XA Z SMOES, UYEENIE 4
I RN, LERSEMERIN-ABhEEE, FIEIZENETEHELR
BMAENARHR, "B ASE N TSITRIENAR R BN M8,

FeAR SR AN EERW A, BRRLE SRS HEIRIELR R R —4EHEAR R =
EWBRE, TOEEER), BXKERE—HNATER ., BEMRAFTSHBRNEE
WiE. M2k, BNN McH—ENHEMER, £FE - EHIMNI%GRM,

ERICRTATHERB T, BEFANRE FHAR%IN—NME, EREIESR
Sh—Afrh, BHEXENFERELAE TN, XEE—NRELD? YEMIE ERIXFEE]
RIS -

Call me Ishmael.
MBS ETR T F EiXEf:

Call me Ishmael.
XX FEFHNTEENY? ZREFET TN ZARE T XANERRER, HHE
KHHARIFRARTRE . FERETUERTEN, HXHLRB. '

BE—MELRIER A E: BAARRERZEILBIERSCR, RARME, Mk,
TEZ. i, S0, FFR. THRUAKRSR, RN, XERETEEIRRERS,
HEREENRL T 78, XS ERAMR T FIEF 99%MHISA,

TR BRI A EH B XX SIrh, BATTR T A FRRPNERFUL—
HERE AR, XBERAFAEESHZERA, BERRBGIENHHZXE LM
M, RESRETNRN, TRETEHENKE ( Variable-Width ) 485 & AFFHOHS
BE, AYAZERNEESK. IHNRLEYRESRRASK, BHAERTHEN.
BN, BIRIBHAX sFRKNE,

MM EXHEOERBEERE, EHESHEIER. 8—AFRHNNE 6 LN
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20 ASCImmFREHR T

gmts, JHEAE T#: X (Escape) B A/NEHAT T X5 #IUBRAREKHT DTN
KB, XN, SMKEFREFERAMSRE R, H3H S AL (Shift)
MIRET : B RRORSERE I, ERER F M, RGN
RE RN A S8

B BRI R — 7%, EAX %, REMLLRI FRTHik
B — R FIHIGHS -

I have 27 sisters.

B-AFHNmBSAs S E—ENE . ARRBARERTE, SRS IRT
5, BAERAXATEY . BEETHRARNSKR B EZERMNOHS, FENE bt
1IBANFR (BRFRZER ), XN THITHEERERESFRHEE R N CK
FIFH (string ),

BOEENTRRPRE T TR, Flin EENDFHN 27, AR BRI
&, HAZAERNEBZBLERERERTH. KERN, hEEADEDNHERES
3 H0% 10 71111 7525 2 il 7 Wdeis, (HEXBEHRAEM. ExXANMTH, Wit
BHA TR AT 2 F1 7, EATMGRES T AR 5 3RIE XTI,

1874 FEiEE B RAR /AT (French Telegraph Service) BHIURN/K + % ( Emile
Baudot ) & BH [ W] LUFTEIRIERIRYL, RIRRMOEZRAEHEMNETA, BIEESRKE,
XMt “RRURT, AT RERA 5 VRN, XMRmES 1877 FEHEE
HIRARS A TR, FREHEME - BRE (Donald Murray ) B30, BT 1931 4 4 E
) CCITT £H4! ( Comité Consultatif International Télégraphique et Téléphonique ), ENINZERY
EIBRELEBEE (ITU ) e AR o 4RSI IE R BHR R EFRE R F 5% 58 5 (Intenational
Telegraph Alphabet No.2) Bk ITA - 2, 7EXEEHHERELNFERH (Baudot), AT
BERG, WEERE (Murray ) 465,

& 20 MBI, Baudot #) 2N AT HEITFL (teletypewriters), Baudot H
ATFHERSE T — T RANRE, XHRBEFEEITFIL, ERAF 30 MM SRE.
REITFHRE LE MRS LR THRESNER, eRAFTE—#HHREHT
Hilid RS et 5. AT ZUULRSITHIE, BN BgEmREs,
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—T SE—REEH N REH T RNES

fl R, IR RHTENTESR Lo

1T Baudot XN FRRA 5 (4ab, BANRFH 32 NREATER, XBHEHT
AUHEEUETEEM 00h B 1Fh, TREH T 32 MARRESI+SHETE LR H B
FERAFER,

Rravria kL] Baudot F5F + it Baudot FF
00 10 E
01 T 11 z
02 =4 12 D
03 0 13 B
04 T 14 S
05 H 15 Y
06 N 16 F
07 M 17 X
08 #47 18 A
09 L 19 w
0A R 1A 1
0B G 1B BFHAHKF
0C I 1C U
0D P 1D Q
0E C 1E K
OF \Y IF FHELHF

465 00h HARER [ TR, BARBIKSEME. R TH 31 MR, FRRPRFR
HT 264, H& s AMRRBEER, I ERhaHREORTR.

4389 04h FIRF RS, BEATHREE. F65 02h 7l 08h FoRHE R AT,
XA AT ZIH S RS AEAREITFYLEITF, —BE T THRER,
BAMBEE N N REFEEE, IMREELRERE: B shfER, T
ENPURO R REEIREAE, XETEH T TR AT LA R 20 T 46, XsRER %, 8
“ASER, BITEWINREBZEAEADOMER T 1T, XHEKIT. & Baudot
SRS, XFNGRBR% IR 4. Baudot HUESTFHIAEFT ENAIRHR S M0 RX
P GRBS A SE AR R o

Baudot A HELARARFARRLATSIE? HILXRE NG 1Bh i ZIL, &
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20 ASCIl BRFH#%ik

SEPRIE IR BT 5 X (Figure Shift ), $FH RIS ATE RSB BT
gbrERS, HABRTRENRY (1Fh), —URXERENZER. TERBER TN
I GRAS LUK s B B AR AT S

+7ittHlEg Baudot F5f itk Baudot £FF
00 10 3
01 5 11 +
02 SES 12 E LF N
03 9 13 ?
04 T 14
05 # 15
06 , 16 $
07 ) 17 /
08 BAT 18
09 ) 19 2
0A 4 1A TS
0B & 1B HFHIHLT
0C 8 1C 7
0D 0 1D 1
OE : 1E (
OF = IF FHELFT

BLSPE ITU $ISE(bi4aiS 5 1, 05h. OBh Fll 16h R BHtb R, BA RN “ERNE
"o ZemhFHBR I RIS EE AR NS X, FERNER S X RERERES
S, MBS BATEN A BFERINE T, “Who Are You” 4 HRLHTE REIE S
FrRBIALH

BRI, X 5 MEEIFRERHEX S K. NERAE, FTEXMF:

I SPENT $25 TODAY.
FRBERSIH T A BEFI R R -
0C 04 14 0D 1006 01 04 1B 16 19 01 1F 04 01 03 12 18 15 1B 07 02 08

EERSAFEXERMER: 1Bh HIVER T 28, IFhBIEREZE, MBFEERZE
XHIT 1Bh, X—ITEBAMHZE | BITHER.

MBHR T, RATHRRINEBIR R A — KA BB ATENL, WOUMAA—HT,
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SE—REET NIRRT ENES

AR
1 SPENNT $25 TODAY.
803,5 $25 TODAY.

BLo2iXFET XRATARKIE ZTREZATHTEYERR RS E — M SRR
X, FrASBIE AT LAMRER, ITEINUR B R .

X RO R A T XS, XHBRIEA SR, /L& Baudot BEHSR
REEEHORN, B2, BATEMFERAEE -ZFFN . BF RIS
TR, WRERENK, NEHTX T HMEFALT .

INRABAELL Baudot 4IRS A AT —MRISTFREL DSy, BNFEEHILD
NIEE: BrARR/NSFRIGERIT 52 Maks, 0~9 HFEFE 10 MRS, Tkt
f 62, MREF—BARGATS, BEEDT 64 1, WHEH, — M REBEDIEFEE 6
teds. EHICITERERZ AN 128 4, T HMIZTEA A 128 1, Wt R HD
KEAZET 8 L,

FEA, BEREMRE 7. TERA 7 RHEN, AREENFR, fHEAAR S FREEIAN
%O

KBRS 2 THR? REBATTLARE S, MRABRMERITE—FH
CHTEYL, HEVEANE - NBOHERAHE, HEVNBRNEFRERTRS,
MAEATEEXE B S AT ERE, B2 TUEE ACKRN RS B
FhRER, RAE - NFRHRER— M55,

BERXMECHETEN, FAMIERNESAREAD T, B E AZR R
HEMRE LR, HREVNfFES TR ZHE—XK, ERAARGERELNTE
Ml R FTLAE AR S, EE A LAEMRRRIXARE o

XK, EERRBREEESAANEET . SENEM T EVREE SRR, R
TRRPF ORISR IBIMFRE, MELHNOLIERREERN, BRSHAOMRS
g, FRAHEFS RHERE BT,

FizE, IMREESFAEF AR ZEH, BB NRERS B RIRES
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20 ASCI ﬂﬁ?ﬁ%%_j‘“

( American Standard Code for Information Interchange ), Wify ASCH B, kT HE#
ASS-key, M 1967 FFIERAHES, E—HSUHEIWHEEENIE, ~ddf—
AREFIS (EESHE), Tiefr, MR HEN HAEECRR, B ALRERE
Fi%] ASCII £,

ASCII 552 7 M 4R55, ‘B stHIBUYETER > 0000000 ~ 1111111, XRF 75t Hlsk
£ 00h ~ 7Fh, BARANTERIHET ASCIL 83, BEAFEVNFHFE, HAENTE
ERgRRS, 7T 32 MRASERER AR — SEE. FTUARRATAE 2 4 32 MR,
CEEFRAFS 10 MIF, TRIH T X 32 NMFFBAEN 7 4R

+7}it B 4RE8 ASCIL 2% +ARiEHISwE ASCII 2%
20 TH 30 0
21 ! 31 1
22 « 32 2
23 # 33 3
24 $ 34 4
25 % 35 5
26 & 36 6
27 37 7
28 ( 38 8
29 ) 39 9
2A * 3A :
2B + 3B ;
2C 3C <
2D 3D =
2E . 3E >
2F / 3F ?

ERERRRE 200 RETHRF, BHERRR R RS RT,

BRI 32 MRS KRS FEM— B INRAR S AF SRS, B T @ffF SHFEL

Z5h, RROFSRAEIT AL EIRIENIRTT BRirETH RN, T&
HIH T X R ARR B+ 7 4D o

Rwavsinat: 11 ASCH F#F 7]t Hl4RAg ASCII %
40 @ 50 P
41 A 51 Q
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T SE—REE R RS

!

4k

42 B 52 R
43 C 53 S
44 D 54 T
45 E 55 U
46 F 56 v
47 G 57 w
48 H 58 X
49 I 59 Y
4A 1 5A z
4B K 5B [

4c L 5C \

4D M 5D 1

4E N 5E A
4F 0 SF -

BETRM 32 MR/ NS F RS AR SR S R R 7532 4R
B, XEFRFMRDET AL I,

RV gk T ASCII 7% +xidt il 4RA ASCI F##
60 * 70 ]
61 a 71 q
62 b 72 r
63 c 73 s
64 d 74 t
65 € 75 u
66 f 76 v
67 g 77 w
68 h 78 X
69 i 79 y
6A j TA z
6B k 7B {
6C i 7C |
6D m 7D }
6E n 7E ~
6F o

R, RUREAERE TFh RSN FR. GREGH—T, efBX=5%k%
HWET 95 NFRFo BT ASCH BSHEAEKE N 761, FTUARS T LAFRR 128 MNMRED,
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20 ASCIl Eﬁiﬁ%?ﬁeT

R T ORIEH 33 NS RT o T B ) LAME R T2 51— Mg,
B —BRF
Hello, you!
R ASCILES, Al st R T
48 65 6C 6F 2C 20 79 6F 75 21

XL, BT EEBNFER, 55 (4R 2C). =% (4 20) MBEANS (45 21)
Ao, FESINEE. BITERE—01:

Iam 12 years old.
B ASCI FB&R A :
4920 61 6D 2031322079 65 61 72 73 20 6F 6C 64 2E

BEBNREE 12 W& rF . AXBSEEGET, UHRmEC 73 G2 31h 1 32h,
hRLEEFE 1 12 10 ASCI BBA S, SET 12 DICARM S BRI, ARIZM TS
BEHIAD 01h F1102h, Bk BCD 45 12h, B 0Ch RXF IR, HiXEe4red{E ASCI iHisk
RHARE R,

7E ASCHI #ith, —MNKEFESHNRF/NSF R ASCI FAEAHZ 20h, X R
KRB T RRFREBNRES, BB EN TR ERABNERF. BEEH - NTF
BRI FIIRANOR, BATZREE-ANTY. TEE B 8080 FEF, MIHIRET
FRER I A 27788 HL P 41778 C FRE AR KR, st Rr /NG

Capitalize: MOV A, C ; c RRBSHITFRE
CPI A, 00h ;5o dHTRE
JZ AllDone ; MBRERMIFHECH 0, BIFER
MOV A, [HL] ; WEBT—15F
CPI A, 61h ; KA RERFFR ASCITI BATH a/ /h
JC Skipit ; Rt ar b, BBkt
CPI A, 78h ; HEREW 2z K
JNC SkipIt ; WRE, Bk
SBI A, 20h ; HEEEEANE, WwRE, W 20n
MOV [HL], A ; BAABSUIMER
SkipIt: INX HL PR =1 i e ¥ 13
DCR C ;TR —
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T B R R AR

JMP Capitalize ; AR s & Sy
AllDone: RET
T BRI AT LR NS F- B2 20h TR S8, 20 FRR:

ANI A, DFh

ANI #54 ( AND Immediate ) A1k “5” —ArB#. 7F EmxXAMlFd, Ringsd
HIBUE S DFh BT “¥efiz'5” #80E, Hrh DFh #E# s T3 RIBoE 1o, “#%a5”
BAOERURIERAN R DI Z b, SRIEHXRINIEEAT “ 57 8. XM,
BT HAEMAEE 3 M EmR 058, A i HALSHBRE . B0y o,
AL T8/ NEF R ASCI Bl KB F B E .

i H 4RES # 5 EHRIFRRNEX
00 NUL e A
01 SOH PR
02 STX SCRF G
03 ETX SUAREER
04 EOT et
05 ENQ HI
06 ACK V&=
07 BEL e
08 BS picy
09 HT IRl %
0A LF BT
0B vT EHKE
0C FF 1 71
0D CR BES
OF SO FEH
OF SI A
10 DLE X
11 DC! pie-Eat |
12 DC2 W sH 2
13 DC3 w3
14 DC4 RIS 4
15 NAK BEMNE
16 SYN G2

316



20 ASCIl ISR 1=~

gx
17 ETB HAEHIEE R
18 CAN B
19 EM B TEUH
1A SUB BT
1B ESC Bk
1C FS X4 BIEAS B4 4
1D GS Ao BREETE 3
1E RS ERA BB ESH 2
IF Us BT EEEESE 1
7F DEL il

BT RN 95 Mt th#i M NS (graphic characters ), BB A BoR
H3E, H3 ASCH B S 33 MEHIFERF (control characters ), ‘B JFHRBATH—F5EE
Thig, HMAAEREK. AT 5281t ASCI 43k, THEPRHX 33 Mt 7/ tha) 2
THIR, AR, MIARER. HE ASCH BAMLUS, AAITES
AR AR E AR TFALLE, AL, WS HEAiir Z4iLe St 7 A TR,

AR AR P A B - A s 0, DABESR SORAR Bt TR A
B, BT RSB IR B I BRSORE : B — & AT FHLS HATENL,
VRSN ASCIL B, ST 2SR ARRIRIRYE, RIaTE4 EATENH T R4
SKEATE—AFER AR —%, M XA KX ASCIL B MR, sk
SRV ERN T B I B 71

EAGITRN, BE TEXAN T 2 H T /EE
410942094309

45 09 REIKFHIRST, WEN Tab, RIATEIRIEREF, ARSI FRHOE
YOI E#BD 0, Tab FWERIRA T—NKFAL EBIZERER] — N FATIRIBE Y 7L 8 1%
W EITEN T —FRF, QFFs:

A B C
XAR R A RO AR AT ARSI FF
AL FAEERRES, SIIHRIAF (12h), BERITEIPBL ST, #
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''''' [ Am—REEHRILKRHRRNES

TFAEHERATEN T — DT,

BB HRATENE 855, THRE -EEITEN L. RETENERSIR
BITFEN, BEHAMUTE/NSZE e, REBHEBEZCHEK, B e FATATLAGEAER
TR, +5#HIRS . 6508 60,

RN EIZEAHAT S5 Baudot B Z R EMRA, BT ARG EREHRH
BREENHANTS. EITEH, IR ERT B RATH R Z 80 U A Rz
BATAF AT ESK R E AT B T 1T XPAMRIEEERTEL L =3 —1T. HI%F
FIEE R AR —THEATH], BATFREEEAFTESR U SA SR TR

RE ASCH TR THRALGUH AT AR — 4L, {EiF% IBM KB EANRE R AIX
FbRE, %0, System /360 fZRLNFR ARIE IBM B AR 8 NFERFRIDAS, thi
oAy BN BCD Z#thY ( Extended BCD Interchange Code ), &% EBCDIC ( X HH A
3 EBB-see-dick ), EBCDIC 2 F-#iY 6 £ BCDIC 43F3HIY B, BCDIC H#JET IBM
FIFTIL R o —SRITHL RF—FFREA R Dy 80 MR THR——1928 £y IBM HEIHEA TH
UT 50 4, ERIANRAT T ERTR,

s ]
ety
) jee ] B
B B &
| | g B
| B |
i 4444084 44 [
| | B |
| | B &
| | 2 B
B B L |
4] | | K] [ |

FEERITI RS 8 fi EBCDIC FRAHBMIR AN, TERAE, A£J/LRERIEm T, XM
gribth 22 LR . NI, #TFLR'5 EBCDIC Z [RIfZ S MR — BB iR T,

TR EEIFHN DR MNEARK D FH, MXEFRF—RBITEHE
RIS, & MK 10 THEFPR, OEm T8 047, B LITEEE 917,
04T FHM—ATEFEAHIET, WHE 11T, DmksE 1247, XHERAH 1047,

AR @S2 — IBM 7L RH0E HIARE: 2B 0~ 9 TRk 4T (digit rows ) 2k
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% 7.( digit punches ), 55 11 Fll 12 FTHFRHIX 384T ( zone rows ) BLX 35 %F fL.( zone punches ).
HTA%—, IBM iTH, R AN SAHWEREL: thingr-EH1EE o fusE 9 7E5HME
XTI AR FET.

—/ EBCDIC E I 8 (Ui, #t—S s ARET (4LLF) 51K¥
T JMELFIE BCDH, STRANBFFARE X, S¥FTERKEFARNGRLR
B (MASXKFA——FIR ), M1Z— T 19 B BCD HLFEHE, HAFUERH
BRI I8 1T43E8 ( binary-coded decimal ) ——E ¥ 0~ 9 EBFI AR 4
fr TR RIEH A TR

BFE 0~ 9 HAFEXIRFAHITHINGR, BN EBCDIC 4iBH &L F 12 1111,
RET DORFFLARIER, 11 0~9 # EBCDIC 4bliyfF 1 275 LI BCD 3,
W FATR,

+ 73t i 4R EBCDIC %
FO 0
F1 1
F2 2
F3 3
F4 4
F5 5
F6 6
F7 7
F8 8
F9 9

KEZRH—SEBORE, WRMKISFARBIAESE 12 17, WaEFETREA
1100; ISR AHINASE 11 17, WEEFEHARAN 1101; RBIASE 04T, NEEFEY
FRR 1110, TREH T ABSFERRIXRPIF EBCDIC 48,

475 4R | EBCDIC 77|75t $ 4853 | EBCDIC F#| 175 # #1455 |EBCDIC £
Cl A DI J
C2 B D2 K E2 S
C3 C D3 L E3 T
c4 D D4 M E4 U
cs E D5 N E5 v
c6 F D6 o E6 W

319 4



T B REE SRR

i

e
c7 G D7 P E7 X
C8 H D8 Q E8 Y
C9 I D9 R E9 Z

ERERRE R 5§ s ZHHSHRE. ANEHREEFONE, THEEFHAE
EBCDIC 4Rt , XMEGHEBMH/ NP EES S AT,

INEE5REFRIBFEFLRERN, BEfINKREAAR. 7 a~i K/INEFH,
FHNTFE 12 7TME 017, EEFWHNAIFRLN 1000; 7 j~r BNSFR, FHANT
B2 TR 11 47, ERT ISR 1001; 1 s~z W/NEFR, FAATE 14T
T 04T, EEFTHNIGRISN 1010, /NEFEH) EBCDIC FRF R EXTN I+ /344
BT RN,

+7<i# I 4885 | EBCDIC EFF|+7< 8t §l 4% | EBCDIC F 5| +7<i# 54855 |EBCDIC 5
81 91
82 92
83 93
84 94
85 95
86 96
87 97
88 98
89 99

<]

A2
A3
A4
A5
A6
A7
A8
A9

- e [~ ||lo |o
m oo |o | |B|—]|K|—

N[ |x|[gl<|e]|~]|=

WK, PRAAFSAEHTRHBEE SO EBCDIC 4, EX TXRZRNGmERAR
HUBEERR.

fF4IWi%% IBM #T9L~, HhE S4B A 12 ML, SR A, tate
BATLARE 12 AGRIBE R, ARW? BATLEATUARITA £ &5 12 fldim 7 4

RFR ASCI B, HE, XMRE—MNEEREIEK, BREAZHNFIEER
TRERRES, F21TH.

KA 8 f14RA3H0 EBCDIC MESLEBREHEMEAEX, XhiilHH44E ASCII 53R A
T 7 SRR S EEEN, £ ASCH BRINIEHEIRNER, FESONEHRESA
e, H—BWAIAN ASCI BAPTDLA 6 4 HE S X FRRMEH, XX
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20 ASCII ﬁ%ﬂ—‘?ﬁ*ﬁiﬁ& I

]

DRNEXWL TIhEas. ZMITRIFBARERN, UNEH—EANN ASCI B
F1 8 hrgmts, Ml DB REAE T DA, BT RN 27 1A,
TR ERAGER . SKKE, 8 MINTFIIFEEAEMEN T —TikrE. K8 ASCI M
BORIIATT ERER 7 (1480, BIBLL 8 ArmiE 6.

HEFWEZRZ RS —FEN R BARKRBE T RN LIE, 260k, BB
BTt — A TR ENAETSE, RERTZERFBEERILLT . X ETEFER K
(kilos) F1M (Megas) B LT %, RETIRERCAR S BRI THEN ARS8 N
BIEHE,

BHRHERRAR R . —5k AR/ 8.5x11 FESHRUITENLR, RAXUEITIE, 1 F~HHH
WEE, |IRIDIEME) 27 THIIES . WATRELAN 6.5 1T, SESTEMN 10 MEF,
HE R AT ARES T A4 1750 N, DR TUE R ARAE4TEE, BLITEHHRKE
BAMNFRAN 2 1%, BI3.5KB,

BH—& (ALK ) ( The New Yorker) 2535, VUERLESTE 3 &, SRS
60 1T, TATAH 40 NFRF, XHETREIIABAAUE 7200 MFERF (BATRARET T )o

(CAHLRRY (New York Times) TH—TEE 6 &2, {BRUTHEERE L AMAEREFIEN
(XHESZREAKFAIREN ), FATTLIH RS 155 17, T RAEG 35 MNER, SHE T
BANTUEHAS 32,550 M, BI32KB,

—BORPHREE BB IIRAR S 500 MR, MBS, SN REEHSE A S A~ TE—
—EHRHNZR 6 N7, RARRSREZARELTHERSEN, FTAE—
HAEUTFEN XHFE TR, BHE—TTRAES 3000 MR R BABF I 333,
RAMETTRIFMSEERAR, EMRXFEGENE, SRBFHERHA 1 MB,

ABARANIERE, BEFHZRTEAH, U LEXERREGE, TEIEH—
LPNGE e N

HiRleE - JERAHIE (F. Scott Fitzgerald ) B 7 A#2HI253KEL ) ( The Great Gatsby )
K#) 300 KB,

FEMAR (1. D. Salinger ) 1) { EHSFEE ) ( Catcher in the Rye ) X#J 400 KB,
5 - R (Mark Twain YIRS 58 D1 - 38 B J3B810 X The Adventures of Huckleberry
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T AE _REETANKEHERNES

i

Finn) K#J 540 KB,

#y7 - AHDIT (John Steinbeck ) Y {BRNIHE / Bk ZH) (The Grapes of Wrath )
K% IMB,

FH/RE « MB/REE/R (Herman Melville ) 9  F#2) ( Moby Dick ) K#) 1.3 MB,

ZH| -3E/RT ( Henry Fielding ) B9 7 )Lz BT80S )( The History of Tom Jones )
K#)2.25 MB,

FOMEARSE « KED/R ( Margaret Mitchell ) ) {ELIEEA ) ( Gone With the Wind) K%
2.5 MB,

3% - & (Stephen King ) A { KHEiL ) ( The Stand ) K#72.7 MB,
B - FERERZE (Leo Tolstoy ) [ {4 SHIE ) ( War and Peace ) K#) 3.9 MB,

3R - TERE (Marcel Proust ) i (IBIZALUKIEAE ) ( Remembrance of Things Post )
K#) 7.7 MB.

FZEE<ZE$H1E ( The United States Library of Congress) #5414 2000 T4, X#H
20 1ZFEFF, WIFMEEs AR, BUBESEN 20 TB (XA EHEEBIEFHRARE 5
RIS ER ).

R ASCH SR RN SR EENE, BEHAR £, BIEEEE
A Sl i qa American Standard Code for Information Interchange, &2 ASEEL T !
EMEARLE A B N F BB S WER, ASCI B AEM. ASCHBHREEETHS, M
RKERFTELRAER? RAEKERKESHHIANESTSAEME? Bl M
TR (Greek) . FTHI{ASC ( Arabic ), #51A3K 32 ( Hebrew ) 178 B /R ( Cyrillic )
FROMER T . tesh, NERRE X HERNEDZ [ TF2. JLEDEE Devanagari /7 5 .
TIHGE . FiE, FORGEth I ERCE A ASCH A IR, fRIBEAY 7 A2 4R T B AT
FHRE., BA, BENRIEXT, AKAFRNESE STt BB AN,

£ ASCII FBRI KBRS, RERAASINIRR | £y T1E, (BF k&Eh—
BN EE SHHRL RS, HHEMTHMESR, BRI\ ASCH BERE, & 10
ASCII FU{# 8447 (40h. 5Bh. 5Ch. 5Dh. 5Eh. 60h. 7Bh. 7Ch. 7Dh #17Eh) FJ#yEH &
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20 ASCI BFFIFEkdsE

X, IR TR EEKREM. B, RERFS (L) FTUERER BT S (#),
BABHRAS () TDEFENERITTRTS (8). UK, MEEX - BRIBEARER
B, WRTESCASH R TX B E TS, AR B BURNE X L

REBAFHRERA 8 MMmBRTFMETR, AT ARMBR S0t —FY RK
ASCIl FRFEE, XEERIIRE 256 NMFERF, WRAV BT —5. AXMERFED, 45765
00h ~ 7Fh 5Ji ASCI B{EFF—5(; 4% 80h ~ FFh FLAFIRSIAHAMER, XHHARE
L8 R E X IR R/ 4ah5, Lo iRl R B M EE R MEER T F8. FTEXA
BT Rt 96 MESPFATHI ASCIL 55 &, #1458 1 SHI | 7132 ( Latin Alphabet No. 1),
Hr o35 AOh ~ FFh F74bS . TEIZRH, BTN St ES F T hE 1T

S, EFHHEIISEH, mTFRR,

A-| B-

L
el >]| O

e ow | en o | T
pun £

fxlalw]as ]~
oclojo|lo|lolz|z)| @
o

b
wy
|

Q
P
@

et
>
=

,,_
&
o
£

' ‘ ' 1 ) ] ' ] ' v f il i ' 1 i
m m | 2 Ol > 1w o ~ o w | & W 8] - o

A
A
A
A
51-1¢
S B
£
£
E
i
{
i
[

o | <] <] S
N

atd AOh X NI EFF A AHBT 2548 ( No-Break Space ). 1 HHEMNLEN LA THE
WA, S Ho 53 A TRIEL, AT 54T Z LA SR AT S X 0 ( S5 M FTX RE A ASCIT £%79 20h ),
b AOh BoNZEHR, HEH AR RMTSITZ RIS thaws “WW 11" XAE—E

323 4



T AR RETHANKERREMES

FHEEF LAE ARS8 . 4ab% ADh 8E SCHEGET AT (soft hyphen ), ERIAIEEE -
PRI &Y, £ R ASENS ERTR S HEIE.

HtE Eth R i, S/LTHFRBM T HLARMRARYT RN ASCH §, 4
AFIRRRATZEZEN T S —8, SR T REMAIKE . ASCI IE#Y REIEK, &
RO AT LA S A SCREE S T4 . Hoh ol —FiRA T 4RF%——Shift-JIS, BIHZA
TVbriE ( Japanese Industrial Standard ), FJf 81h ~ 9Fh F/RIF T FRHERBIFE T
WX FFEL, Shift -JIS AIXTEIMNGZ) 6000 N7 A THES. SARITE Shift-JIS HAZEME
—MRHXMERAEB RS, FEMNBX, EE=ZALUAIRNFETEFRIBRR
( double-byte character sets, DBCS ) FFEtHIRHIT.

MEFFHEMNPERIEA, BREMEHFARERZENRE. 5 — 1 MRE
i, —EFR, FAIREHN ASCH 7, REHBANFIREXTH, MHfE, K
F LA TR F 140, XELEZ RGN T 6 FX R rr R xR .

WR B Bbr, SRR —Mh— L MEFHBRSE, e UATHE
IATES T, M 1988 FHHah, JLKEAITBEVATIEEHRRH —FMARER ASCI
%M R 5, B4 8 Unicodel Zi— L FRFRBLBRIE ) AT T- ASCII /1 7 £74%55 , Unicode
KRT 16 (45, BN FRBE 24MNT Y AR Unicode K7 4 ESTEHE 25 0000h ~
FFFFh, BHATPAFOR 65,536 NMARRIER. £HRFENARES, THESH HIAT
BYURGNAERRIES, #TUERAR— MRS, 1 HiXMAG L B &RENT R,

Unicode ZRpSH 30 AN EMNT M THRI, AT 128 NF R 4mA—El 0000h ~ 007Fh—
—5 ASCI BB 251, Unicode Z3F5H{1) 00AOh ~ 00FFh S4caTtBINE 1| Bhi T 8
KRB, £t RREZARE DB —FWERTE Unicode H1,

RN T 2 AT M — S Z RS A 4, FILAR Unicode i 1 AHGH, {HiX
AR E B SR Z R, ASCH B, BIEECRENAE —A/NRERBFY B ASCH
BELEHEYSUSAREFE, B—TFREREIBEARRITBEM.

S Unicode KU, ©ME—RIRE, BREEHRE I ZRS5FESEIZIA “BFRF, §
FA EMKRSER. KH ASCH 4RE5T REENZEE (k2 it ), HAnb Efeasss
H£94 1 MB, 05K Unicode 4785, #3452 MB, N T RS AZKIHE, Unicode 7EFF
iz Al LA+ H T AR AR AT .
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,,,,,,,,,,,

— & EY, AR TR REENNG, BEIARMEE. B
V5IafEf#%#% ( Random Access Memory, RAM ) W2 tHEA A R EERIERM, CHEREL
BB THONLRL IS . 13 BRI T BRI 4 A S RAM Hi? JERE 4RI
FRIESRTET W7 B R— T AR T 8\ %% Input Device )%y H 1% 8( Output
Device ), [EIAH—TRIEVFLIHNA, RAM B HREFHIS—WM T, MR ER
HBRINERESER. L, KEEERS R — & ENLA T DIERE, HAaXEE,
HRASMBIE A BB K ARIE, A=BORRNEAEENES.

BE -G RENENETER DR, XM LAER (mounted )
PURLERAR Lo £E—22/ NUIIHLER S, —BURBBUR A EAIPTA RIS R LR, (HiXARE O
HAHEN. BITERFERNE D MR, HEH & B IBES B &R M
ANRELH IR |, XEOmERR 2 FEE Lk (bus) Mfe. AN L —ME R
s, TTAAARSRMRBFRSMES, Xt ESHEHA TR I REER.
B EEXEAE S5 90 T2,

o HHHES . XWESRAMCER A, BEARY RAM #TTUHE, UK
WA LR R B v U At R AT kR



T AR —RERTENRENEENES
! Al

¢ BIEMHE S, XEES UMM AN, FAXREERESEAE RAM SH
ik, XBRANEFZX S ARERA (input) FEIH (output), K EMALIERS
HEIER A S ST RAM FIH A ENBIRRAGES

» BEMAES . XEFESEHTEVRRMIRSRE, FhftmEE. &
BHEAT, SRMAFESH RAM B, XEURE THRACHESEEANREH S
BAAER, £, HtiR-thr st issg Mt BdmmAGS.

e BHES. XBESELMEIN, E% SRV B E R B
Bio #HHES AT AT ARy, Wrl LAk SHUt B E A R A & ™ 4.
toan, URMCHEBRENE—SBIREBE AR ENFRITN, EERNESHER
HWiES.

R —REERH . ERET LT ENL AR R,

BB~ T BRI R RH R AR ARV, RIILLERA TR S-100 £k, 1975
FE—BFAENL MITS Altair SRR A TiXMEL, SE—JT1H, S-100 B&ER2
FT 8080 SALIRRRN, ARG B, thIT oA T H AL RS, 640 6800, —Hk S-100
HLEEARIRIME R 5.3%10 3657, HhE—L 2 EME—/MEE L1, XMEER 100 ME
ey GXRiR 2R S-100 HIJEE ),

B & S-100 tFHEYEA —RIRAHIHAR A B motherboard 5k mainboard )IfIHLERAR ,
CRE THEERT S-100 S245EHE (PJ688 121 ). ARHE, XEHEMEthytony i
i (expansion slots ), S-100 BLE&HR ( AR AT FEMR, expansion boards } FiiEF X tbidsl
M, 8080 LRSI HF L (58 19 HEIRBIGAIH PR —LE ) SAHTE—B S-100 HEXHR
b, T RAM 3 #7E— ek B A HUERAR |

S-100 SEE T 19 8080 M iti, A 16 MuHES, 8 MEMNES K 8
MEERHAES (FARZ—TF, 8080 RS AXASEBEMAMMUGES, XU LIER
HHHUEAR O HAD SRR R 5 o Bk Bt &1 8 Ml S S, Htbi&FEE CPU I
BN R, Eer= X ifE s, FTEEIE M (RERBEHREHE), Y3
ANFREEHE TR, RRTRERL S A /\Lh%ﬁf.:,%o BTk 8080 SPUT —BU/NMERF, W
HR 2 T, HECHMmR, %, T 8080 fUHLERIR L4 —MEFRA Intel
8214 RSCFKHRBEHIF TSR, RS T THRAIRRMR, Mg & 4n, XANSH
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21 BT

|

SRS SH %4 8080, 8080 HAIHXAHME, RIS IREE—4 RST
(Restart, HF) 154, HEXFRSHERAT, MRS YRRF HEERNERE T
3, FARIETRRTAAY, BREEFIMbk 0000h, 0008h, 0010h, 0018h, 0020h. 0028h. 0030h
Bk 0038h ZLHAT

RGBT — DR EAAR R, XN REHRAFIELAR, Ref Ak
LEEELA T A (WAl LB R Rt 25 ) BB EERE, BUERET IR,

— B &8 SEOMTEAM IR, HibHERE—RAE =7 (third-party ) i
B——RERT AR SR A T XM BT JRAR T o X S BN RARAMNINER T 1A
SR, EEREMHEEGRER. HHEVHERRRLT, ¥ RIRMTTIZE R HEEE
B \ERBTXNREE, AR BN RV R GRS, BSBRITRG RS
#3 ( Open Architecture } FRIBRI, XA, HAbslERsta A4 HEINE, BE
2B/ —FEEBA TR, SR, b BERAMNAHEN I — AN EEH R
53 o

1981 3K, BEANTBIEREMN AU EA—IBM [ PC [AliH . IBM A7 [ PC
FIFARSE%K (technical reference ), HMEE TR S HTENMNSIBRKE, IBM HHE
SR ROt H . XN FWATRMREEN IR, BRHIEEREH SR
AIPAAEF=HEM PC ¥ BMR, 3Pr b, XEIEH T84 PC MREA—HITSE IBM 1)
PC JLE5E 28R, B TSR th—+,

S HREETHREAGUR, MWEMR IBM K PC KR TRATEABEE K, H#
£) 90% T M. FE IBM AHE R LR85, HEL E, mFEEMN PC RKHIM
AH IR RS (closed architecture ) Bk tH2 A (proprietary ) i), HFrdifimists
BWEHED, FERATINESFEH (Macintosh ) RAIK AR HE R LR, REthEgE
43 2% BB U AT, Xt stAR¥E T J9ft 2 Macintosh A 05 M E BT B L A& H
AE10%EH. GHFICEX—R: —MHEN ARG AR BUA RS T iitm,
AIDGRTER R RS Mgihy, TTe2BME R, EthARER A DOV E s, B
WAFISNOFED, TSR T & B 2R A A R R H L MRS LR ).

BAIE IBM PC SRHTUZ Intel 8088 fRAbFEES, FTUAFHE 1 MB 776570, B 9K 8088
REE— 16 MR ERY, HANSRAIRAE T4 8 MRS, TIlbbrEk R4
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- T R —REETENRKEAEEMNIES

(Industry Standard Architecture, ISA) K&, & IBM ARHH PC KITH. ¥ EIR A 62
SRR, A 20 MtES, s NMEANKEERNEHES, 6 M ERESK
3 NE B0 ( Direct Memory Access, DMA ) iER{5 5, DMA ] DAEFMEIES (K
BEREERMNSUEE) REPITEERIE, X RARM T EREE, BESBAT,
FIENFHIRIEEE MRS R TR, B3R T DMA 5, HAthika iR dE
MACIRSF TR ERAIEHI, M ERNNAFHITIES.

FE S-100 REEH, FrgRIEMEERLBAEY R B S IBM PC K, MstHEss. X
O R —2 RAM EAE R ARG L, RGiMR (system board ) 52 IBM 1) “PERHR
B, (B HE RO R R AR

1984 5, IBM #EH TN ATHEAL AT, KRR 16 A7/ Intel 80286 FALEERS, XA
ARSI LA 4k 16 MB BfFRE5C, IBM (R TIRAREL, BEHEMT —4 36 $H00E
R, XMERORE 7 A HES (HEHRE 4N). sASUBRNaBES. 5 NhkE
REGUK 41 DMA HRES, XBESEHSHHN.

HUCIRERATE M BUE TR (M 8 1% 16 A7 E] 32 f7) MBI SHEE
FEABEK, YXMRHNEROAZEENN, BRRFEARBNT . WRMIERN
SCEERERERE, W HBLIMEN, PRI ELE ) YN M STk T, B
ROR SRR — AR LIRS AT AR T LA JRFFZE . R RN BB A E & ST
W, SIS HBIEHR T (RFL), X2 GHE AR SRR AL A f s H AR e

1987 £, IBM it T HuEaE & R 454 ( Micro Channel Architecture, MCA ) #%£%, iX
FERMELESELA N IBM LR, MR HAAARHRAXMAL, BM ek
BUSAE . thiFsE 2 TiXANEE, MCA A BRERCh—Fh T AVARAE . SRTIRRTE 1988
£, 9 RAF] (HAEHE IBM) BREHHA 32 {7 EISA (Extended Industry Standard
Architecture ) SEEUR T MAC, B T TlkbnE. L)L, Intel ARRETHOINE G H
# (PCI) BREEmEMTE PCHAN L.

HEAL LS MARREA RN TERUE? Jy I REEAFHIRME, LA TEKEE
20 42 70 FRAMIEE —F. BE—T, RINEERN Altair @ THREER, RERENA
T 8080 Bk 6800 THEMUMUXFHIEN . BRATMUEE R R L2888,
RREEARMAN, HARMYUERHE; EEZEX RN, mEEEafrinE
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21 B

BRIFT Ko AAHLX B A ER IR THEN PR ? THRLREE B8 X ThRER & Fhis
7 ( Interface ).

PAEERR—TFEE 16 FATHINANE, RAM BEFIAH MmN . BN, DIREIES
HIFS, AIMNER N HRIEHES N FESRNIEEIES . RAM BEFI AR AR BURRE
BRSSO, ENZRABED FRXA:

RAM B 5] J 8 F gy A dg = #HF 70

HRIXERARERN, BiREA . MhES A ERNOERE? HteiheEhr
FRERBUERI AR/ (A28,

20 th£g 70 FRHH, 2102 A THAHFENR—RRATHEMESR S . HERS

AT ERTR.
Ay Ay As C§ DO DI SV
birlt [ *

16 15 14 13 12 11 1o

D)

10

1

-

Aa‘% SRR

—_— [
[T S
I

]

—y

R/IW

F—ro

e
.
.

E 4 (i)

PihiE MOS ( metal-oxide semiconductor ) ZFEAE—F, 45 8080 FI 6800 fAbIREEER
MR AME . MOS ¥ SEBERAESS TTL A EEER; BEERT, HREnaas
FIFEELL TTL &, AR TTL B,

XA AR AT DUAE] 1024 47, XAMEUEFTLARERHEES (A0~ A9). iR
il (DO) FiEdEAN (D) 55 CaAFMHER—MSEL) B HEHR, #
A 2102 55 A RIS RIF), P50 (read access time, M Bl BIHbHESS B 55
HAEBEIEFT RN WR&HZR, M350 ns~1000 ns A%, YRENFHEHE
BEUER, MW (3/5) BEE 1; Yl BABENRE, X MESER o, i
HZ/DEHFEE 170 ~ 550 ns FURTIR], R BHATRE AR 2102 RIS R,

FXEBRINAEREEN—MEEMECS S, WRAKES. ZESE 1N, B4
A, BEREH, RPN RWES, H3%, CSHESHEARILXE, SR
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[ A REETRNREAAEOES

EARMEZOEM, FEEITERBRE—T,

WS, HiLRN 8 RS SALTMEREE, R B AWM ZuE 8 1
FHEIE, R | e EIE A\ IREERARETH . QUREEREREANZT, WELFES
AR 2102 0. BARIBIERLR, 48 MSAXFRHHHES . /W R CSE 5
&k, mTEFTR.

stk 55> Adde

BUERIA TE{DI 1024x8 RAM DO BUEHIH
— R/

—»ICS

SRR, XE— 1024x8 £ RAM (5, sk 224 A 1 KB [ RAM,

RO ZRAE—RERAR b, X2RSERIEE. 2, FR—Hhhik
W ERELRZ DRI ATE? IR REHSIE—EANE, —th S-100 Hstaeam
64 o XK, BURBLT —A> 8 KB MfFfEZSIAl. —BBAVRIXHM, FEEMHIEZ,
H 32 NSRS 4 KB ITFfEeS. 0T HETBNFEY, MiEE 'S %
&, MBI (bank ), BlA, —4 4 KB A/NUTERESARBLE 4 NEAERARL, TS
MMrER X EE 8 M.

8 (ITRALTEES, 540 8080, 6800, £ 16 firithal, FTHIkS 4k 64 KB [1EfEEsIE],
RIRGIET — NS 4 MFEIER. K/ 4 KB OGBS R, TGS LA 16 Azttt
EESE W T ARG,

A]ﬂ 1’\14 Al?! A‘{_’_ A]] .‘\1[) 4‘\9 A; ‘AT :\5 AS A.; AAm_; A: A-] .’\;j
— e I\ J

EEE® e
BE" EEE FHERAM

THAERE—TX 16 {5 5. A0~ A9 HES RAM A AHIER:; A10 1 Al
FRLEHE 4 NMERRERTR BRI U A12 ~ ALS BEBRLEHbIE HE X PAF 28R,
BEZ, SUSXRIFERR ARSI it . FRALEERR BN AR S AR/ INVE 64 KB, A4
AR 16 MARERNGR, MM ANE 4 KB, FATETHA 4KB FF4E28R 5 T Hp
— X X 16 PRI E ST .
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21 BEk

0000h ~ OFFFh
1000h ~ 1FFFh
2000h ~ 2FFFh

FOOOh ~ FFFFh

B, BE 4 KB 7265888068 T A000h ~ AFFFh HibEIX I, XFEERE, B
ik F 7 #hik A0OOh ~ A3FFh, 25 /N4 T Hiik A400h ~ A700h, ZE=" 5 F 13t
A800h ~ ABFFh, % T ACOOh ~ AFFFh Mt [H]4344 T S0/ M EbE k.

IRFEA AT LAGIfE—Bt 4 KB F#i5a84, 1M ErmR i RIS HE EtukyurE . i
RIXPER R, FTLAEF—Fh & 0B B E % (dual inline package, DIP) FF3<hy
#4k. 7 DIP H, H—RFBR/NOFF I (W 2 Bl 12 ANA% ), DIP & AT DUBRTERRER IC
T, T ERTR.

FE—FFR L 8EE (comparator ) BUHERH, FRATDAFUXANFERIRLR FHHEEMNE 4
NEERRER, BUR T XA,

\/

L
Atz — I:)
‘4%}—1"@;13

P e )
Ay ) —
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T RS RS

FfR—FETEHTRANE, R (XOR) THREBERMINGRHRE— T EEHRY

" &=

I, B SR MEANMRRRIN R F SR R, MR RRE.

Fign, R A Fl A MNRTFCHE, MBS LTI REEM N T iE7s 25 A
A000h ~ AFFFh, Z B4k FRIHIHES AL, Az ARFl A S5k FEEREAERRKLE,
HAAek (XOR) MFUHIHARE 0, 2kdE (NOR) [1804%aHA 1, I TFEFTR.

AR

B TR HE Bqual f5 SR —/ 24 BRRE-ARIMA, MaehmAN it ks
—AEBFEE A CS 5 S, BTk TR, BERRm TR,

Fquat

=D et i T
- ’_D»—T ® =TS
’_D’*‘—S ®= M
?axwmw
A Doy’
Ao

BN, HWEFBE="I0EE, A AnTHE 01 BATLT,

DAEER— TS 16 EHERININMAHE RAM K5, X—dBHAENTRTH%E
B9, RATRES U NENTERE 8 /1> 4-1 BHE:%, FIRM 4 NMFEGRPERIEFINBER
HiES, BRIPHRAX2M, TERHE TRE,

WBHEBIEF, TIL REERERORAHGESELKRT 22V GEE 1) B2/ T 04V
(B8 0), BT, MRCHNESERERSLEMN 2087 —MERBRERNREY 1,
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21 BE T

B—AMERHRE RS 0, FIEXEMEHERE R, SRR Bt
HRE, SRR TXMAHENE, —RASEREERRESERT &,

2102 WA HBIERIHES RS (tristate) £, HRLRM, %7328 0 FiBH 1>
Sh, BRI BEH S SRRA. BAILFEBHIALXARES— S’ SR K
527 25, BB HIOBIM FAHAhBGE R, MRS (CS) 1 IR, 2102 MK
KR RSN XA SR, BRATARIE 4 MAEHAR ISR thiE
S, FHHETIUE 8 M EAENRRK 8 MUBRAES.

ZABRA= A HOES, REAENRRNREREXEER, JIPHAER
fEEER FOSRAERE F h BB TIRBIERANG 5. BEAEMN, EREREEN
R AE — R R REBUR A S SIEY, HA AR T =RRESH T

AR, 2102 B—KESHAL R 4855 ) (Static Random Access
Memory, SRAM ), 'B55h4A1507##2% ( Dynamic Random Access Memory, DRAM )
AR, BHEXTE 1 g8, SRAM EFEA 4 MREE (5 16 Ehyhd Rl
EREnFiEaH, HASNSAEEL ), i DRAM HFEE 1 MakE, HEDRAM FH
ERG NSNS R RS, XER TR,

SRAM 5 F, #ilfn 2102, 7EHIRFFSMEHRNER T, ENERERB TR, —H#E
M, HNESEL, 41X E, DRAM A1 SRAM B2/, HARRKZ, DRAM ST
R EET SRR FERDINE, REANHAFEXENE X—I2HsR
ST (refresh ) A, SREERANFHITILE R, XFHIERF GARAULEANET SR
— Bt Rt R R et —H . '

RNV AR DRAM %40, (HiL4EX, DRAMGHNAER B MM, #5
DRAM BA& BUOPRE. 1975 47, JURp/RATHE T —3K DRAMLUH, FEJy 16,384 {7,
Hi3, DRAM GHARR FEAE=FHFNE, FEERERE. W5, WENER E—
AT & A, KRS TR IR R T DA LB NS BRI, 45 0 BB BN 7R B
(single inline memory modules, SIMM ) FIW % B 1PN f7## ( dual inline memory module,
DIMM) B, BERITUELF /LA DRAM T W4, T3 300 SSoTsiF LAk E] 128 MB
) DIMM T,
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T AR REENENERHERNES

BEARE L MBS EFREERAR T, BZRA AT SR I BN T = (AR Sy
e frfEds, LABETRISHMHIRE.

L 751457 ( cathode-ray tube, CRT ) ——20 47 b YA, ZEREERE WML,
EMINR L BRGEBRMY—H—C 28Ch R HE N R RIS T A WRERE R
FEHL EA CRT AMSIE ~EF (video display ) Bk 5HI2§ (monitor), TFRA] LA~
BB SR Too AMIUERCLSS (video display adapter ), HHEETHENH, MHHE
AN AAER, BN HIA BCREERR, IR BEATERMNE R (video board )o

FRE EEXR, TSR RN CAERGRE S, HE6 L ER R -IGES
RSB E RSN . HERMNREA L ATTH, NABGHTHE, 25
AR EAZ, #THEATHR. BOWRE— /K FPAT83EAT (scan line), #i
FERM BN THIFSAALE /97K FEUT (horizontal retrace Jo M 5EAL T X &E—1THY
i, HEAETR, E2NRRNE T AREEFFOZ LA (FEEME, vertical
retrace ), FHHEE b, SAEXENEARGESKE, SRWHERTT 60 &k (B,
field rate ) SXFERIFIM. M TAMOEERIR, FrUASEBIRGHIUNHOIR

HLAR LR I 2 B84 T( interlaced ) FIHEEOR , T B E 80 , A4 RE — T i frame )
LS, MR DB SEEE, BN (field) A RS —BEuhironl, &M
%S R ke ——BREEMER T 1N, FRERKETHE - 1M, X
HERHA— FKF#E5E (horizontal scan rate ) FUNES:, BIHEESA/KEATIEE, 4
15,750 Hz, $EXAEERLL 60 Hz, 25582 262.5 1T, XERENMHATOEHBEMENE
B, MR ERSME, i 525 17,

AERITHBEARREFESSIN, ARHEGRNESFEBREA—EENES
Fristile BR—ERMT BNFE SRR S & —EFHr, EERIETi B Ak
HESFLRRRRGEENE, AT THHET, XEENIBESHEES VCR,
FEYL, BEVIR LRI OSSR B E TR .

AABEANRBES T E R B THE (RamMPERMEZRYE ). B0ea
1 60 ¥k, RS RE—NFEER S KM (vertical sync pulse ), FRIER~— MBI,
XA 0V, TEZ) 400 ms, AHLLETE, KRRk (horizontal sync pulse )
T ARAE A EARATIOING: MESH 0V, REHS ms, BHHHIN 15,750 K.
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21 B&-r

EFACFRBEMZ R, (F5RRERLE 0.5~2.0 VIEEAZLE, JH 0.5V Rk
&, 20V EREAG, THEZANBENRR—ERKE.

ERHT LARE, B4 &HBss REFE G, MofeREgrEi. &
AEEETTIAL, BB 525 17, BRI R ARG A — AR
EURRO TR o sXHAZFT M, BEMLEEHEL. B b, AOVEEmNNES
THPRZEH FRA, BOWRX— LRV (bandwidth )

BRI, WEEWRAEENRS, ENMEEEmi g emrEERa
X RIRAIN . DAL M], Hr SERR A TS S MBE) B AR)E SRl B X — Al
AOBERR, T SRERY FBRARE, #RAL09 4.2 MHz,

— BEAHEMR B Ras B R E RN L, SIS BB R A AR
N7, LEEMERTEENBTREERE 2. NHFEAAERSN, FENTUR
77 SRR AR SR A S BOS A RAETE NG, XU E (X ARER

H picture element ),

IKFREAT E R R BOR S SRR B . TEiXE, BHEN S SCHBUE S
MEBE AR BB RN, REIITE $0 4.2 MHz, EtRr 2 MEEE
FP 420 TR, SEF——F 2x4,200,000 UK FER 15,750—2ANKF33
176 533 MEER. BHLRFTANGRETH, 413 WEEERR T2 —tTE R
MBS ER 7K A . SXAEER, AT ERTRRGR R LN 3204

SRETTARGL, EEAELE 525 MRERBAZHTH. RES, RERAFFNT
BB REUA R EE RS ARk, YT EARABIHUE A BRESN, BMAK
BTPRATHERART, #EHM FAESENBERE 200,

FEIEATAT LAY, S0 AL AORSTGERC RS R0 HER A 320%200, Eﬂﬂ<ﬁzi3ﬁﬂ
A 320 MEER. EEATR A 200 MEE,
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T RS RESHTMIKEENEGES

InfarsEE IR R RN ESIE? RALAEE— T, hATLAR B 320 3EPL 200
HUER 64,000, HENMEEATURRERAR, REFEIE -HENHE, IFRRTH
PUARCATRIACE o

AR VEA SRS LR RH—EXEAFR, HLBREERHE DR REE,
X T BN FRARTRGERE. TERR—MATI S, 8NFAHEEH 8x8 MM (64
MEE ).

FE BRI T RN R ASCI F37F 20h ~ 7Fh [X|8] (E 00h ~ 1Fh {4 ASCII B¢
T ERRER ).

FNFEEBE XA 7 871 ASCIL B, (HEANFEARBS 64 b4 (A7) A%, X
64 LLAFLE TEF B RN 2 F. MK, IRIATLAIRIX 64 ({5 B MUY E R,

FEBITERAFITTEX, #RXEEX, SR 320x200 B RESHE—
FRLAED R 25 17, 1T 40 NERF, BHIEIK - I8EUR (Amy Lowell, 1874-1925) 1
—HEFE ¥, BE NENE,
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21 HEih T

MPUERL A LFACE —2E RAM, RILAMFRERTE RN E ;. AAtiRaf i e m
Itk RAM B ANBERAKE Bonss L BRI A . EAMEINRE, X4 RAM t it
FrRE=slR—385r . M2, LEFRNEIERSRFES KN RAM E?

XA ARG BATRAER, SR THEALT 1 KB~ 192 KB XA,

BITMNEMERMIEREEZ R BERD B RERFIANFRRKE? —Fy 2R
wEAcEsIEhEE, LHAE TR, RICEWFALE, WS rF0EHERDR 25
1T+ BAT 40 ANFER, BWARAH, FILAERER 1000 MFRF, XFEE—K, PUHE LK RAM
HEFMEX 1000 NERFH 7 A2 ASCILES, 1000 X 7bit, J/N40k 1024 =35, BI 1KB,

FRIHARES (character generator ) R AALEEC S _FH—B8%, B THFE ASCII
MERFRGEER, XSfTHCSd. B%, BRHAEFHES (read-only memory ), B
ROM., E—MEmiEg, AN BRESEN TR, Berthbish it
. ROM HIFFEHHIRRARFS, XRS5 RAM A,

PRAT LA ROM B RGE AT LA TSI ALES . 454 ROM &FF 7 Mibik 55 (A
FFor ASCIES ) K 64 NSRRI ES , BIEAFRE T 128 4 ASCII BAZ TN 8x8 &,
ik, ROM FTLASEIR 7 67 ASCII 853 64 /8% (GEX TFRERISINA) M, B2
FARARYL, 64 MUERNESSESAEERA, BEENBEEE, A 10 Mk
A1 8 MEHES . B 7 Mk E SR ARME ASCH B FR (X 7 Mbbkbk B
HAIHR | RAM OBRSH o Bt =AM S ARIIRT. BRI, REHiT
F1000 %R, EARATH 111 FoR. 8 MEHHAELERTH 8 MEE.

FATRMABGE, ASCILEEA 41h, FRASMN TR A, B4 84T, Bi186. T
FEN T 7R A B 10 fzibhE (ASCI BRI TACRED 2 JA FHZs #4571 ) FnddEmiE S,

e ht 2§18 )
1000001 Q00 (0110000
1000001 Q01 Q1111000
1000601 010 OO E1I00
1000001 011 11001100
10000461 100 11ETETOD
1000061 101 IO 100
1000001 110 TIO01100
1000001 111 GG O0U
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T RE—REETEIREGEENE

Jilils

M &k, fREFEHI 0 AT R, H 1 FoniFik A G

ARSI S B B A AR AR ( Cursor ) ThEE, YeARRE— AN
B, AXERFNEE FRAN T —FZNERBENG AN BB RHE, HARTERAT
MBI EBAAEERA 8 MNFFRD, XWDFERUEMSUWRN S, mHEMEHE
25 AT AR A T S 8RAE

ANERERSMUAB AR, RS RS, FOIFRXEN S EE
/A ERS (FEE ). BdmEEE | 1 RAM SARIE, MRS AR
HEE T, HARBEREMANNIBERNIR, HEETE, BEEFERRERIA
MR RATRIAFE S RE K, 320x200 WEERE FF 64,000 MEE, WREMEEFE 1
i RAM, FBZ5XHIBIE B E3EE % 64,000 £7/ RAM, HI 8000 ¥, #Aif1, XRER
RAIER, 1 R 1 MREAENNR, REFRE MG —BInEAFE. 07
eI FRER/BE, | TN TABRKE,

RAIHFAENE— T R2ABIN, RISEH, BIMURBRERMAE, if
B SARKENEE. HTIHEREE R XM, B S MEENNT RAM iy
—BAFY, Hij 00h MR RE, FFh XTFHE AR, N TREZ RIS R AR
MK . — 320x200 FIRLBSTRE AE DR 256 FIUKIE, BEEE 64,000 ZT (] RAM, X5
—HETHEIEA 8 (bR i 28 (RIAE R o

PREEHEESENEE, BMEERTFEED 3 AFN. MREFRTFLE
BOKBRE, AP HAERE— TR AR U EYIBE RS, Rk, BHEG
HEBL., & B=RENARAGTRERN. hTRBEANSE, ZRahSMi
EHBEEFEHA—FIRER. X4HX, BMFEE 192,000 F55H RAM (EZHX
FEREHNEREABRE—ENES )

B FRREE R HEOMARNEERE? X588 M EMR T RERAX
Mo XTFXMCR, RATRESRBIIRBE, HARBHHINBLSREBSZAMU, E
TR & 2 (0%, ENIZBRIXALT:

ﬁ @&i =2 FZE Fy S P2 7.3

FEARERIRAAL L, 320%200 FOST BEREATREA BIRR S SR . IER B TXAHR
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A, BIMEATHFENRFE R RS, UEHBARONESNH R, 1981 £, F-88
sraxiE IBM PC —R8#E, BRLAE R 25T, 84T 80 NERF, X IERMEFTE IBM AH
LR CRT BoreSR R rmFRHME . X T IBM Xit, 80 MERFEARRMENX, X
H23xk3i0e? BB IBM TSR (punch card) FIFRIEE—FE, 108, 54
HERB N LR CRT SoRes B #ADRE RITARH EONE. R, FREFEHEAKRR
L ARFROMBE R IR, SRR pn ik,

X2ZAFAR, PSSR RIS PR R B RS AR, XBHEBRAT
PP~ ERRNEES . B 7 1987 4, /KYF 640 K. EH 480 B ENISLERES
# IBM 1] PS/2 N A HHEHUFINE SR A F]# Macintosh T HLR I, XAEACENHIUES T
EHRBEIER, BB 640x480 RIS BERINBIARE T

640x480 W PRAFREFENE N . WFIRTRETEMGE, B2UR2EE, B
A ERITDAN - 4 (Thomas Edison, 1847-1931) 52X, AHEZE 1889 4, il
FAR TRIMEEE - /e - FH - #1554 ( William Kennedy Laurie Dickson ) 1FZF3#E{T
TS LA NE SR OB 5T, il . bR R EEH 13, B
BTG 2L, FOAREREKEL (aspect ratio ), #H, T H0E A FLd v FrifiE
HRXMEFIRE 1.33:1, BRENBER/MURIE, BRI 43, 60 BET, ABHH
E—EXRRXALE, Bt Raut. B 20 g 50 FRER, FEB5IAER
(widescreen ) R, SRR RS, HBRLITH XAMLAI.

ZEGCTENN E a0 K R 43, MRERAERE, TAARTEGE—T,
SUATLGEREAT IR . 640480 53 BERMEXAMLAL. RV (3TN ) 100 M
RIKELEM 100 MEERNWEELAEHENDEKE, S FHEHEEERNR, X2
MNMEEEERNFE, BITRNIESRESRZE (square pixel ),

ms, WPLEACES AN RIS E S 640x480 MR, HERZHL AR
PR, {UtE 800x600. 1024x768. 1280x960. 1600x1200,

BATEE VO BN SRS M@ S 2 AR A — 88 a4, BT
LR Bt 24— EYHE e RS T,

H@Es PO MERBRE — MIRIT . HEET, ITXgaWE. BEMA
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T R RELTANRRATRGES

HREYRER 100 ZMER, HEUTITFVNRETEERR 48 M.

MAEILERBIPEY FREARIER TENWE, EERS AR N
BRI ORE, DUEX R MEEEAR T T, R X MULELRHE M ASCH 3,
XEERTATD? fRINEREVFREER, BERTHHARRA] ASCIH RSB HHTZ AR
B BRI, 5 FAOFEE A XN ASCIT RS RTRER 41h, thATHER 61h, BAKEHA,
EEGRT PR EGHT T Shift @ A5, BIETHINUEE HAR Mg ASCH
BEZNR . B WREREARMIIRID NS (scan code ), X% MRS LIFEM%
g, —/NEHENEF RS PR H XA EREXT R ASCITAS (2054 13 ).

XHEN TR ARNEREAE S, BEa FRA 16 Mg, T —{ g
BT, SRS —A 4 R, TERIBIETEER 0000 B 1111,

BABAAE TR S HIREE, WTETR.

E ko HitEEE
Qo Q0 Wy
I .
>l ‘ | .
2-4iZh838 Iy [
O . ; S, b
e O 0, o
Yy ¥
\\ \\ \\ \\\ S8
~ “w . o .l
4
h“-\,\ \.\ \\ \\\,\
“~ o ~ N o
\ '\\ \\ \\\ - 1R DO e
AN ~ “ N .
\.\ \\ \\ \.\\
Y . o ~ .

AR AR RN 16 MNRE. FIRMATT RN, 4 it e et
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21 B&
SR 16 M oRislathis B S WEINE, EHRSREAIURBIR, PARIEAERE THmH
—/ MR AR E 245

4 (TR IR R 2-4 TRBDER RO 4-1 BUEARSMAN . ERAEEE TN
BOUT, BESROMASEAN 1, B, Hahbih 1, —HEENM R8T, I
BS54 iHEs R m AN B, AR 2o Beas i it 1. B, WA B f
LRITEE AR T, HitEEsik 2 o110, SEsssiatmd 1, I FEFR.

o320 ol ABTEER
Qo Qy Qe &5
+ ; »|Dg Qs
!
] o, Qb
| ! "%&"1# 2 -
)
i/ | w0 Qs pse
: 4 D, Qs
B S | ﬁ’ P TGk T
2-4i2538% ’” b ¢
) ] [ PP !
e (oA Qs Oy :
?
v
\\ \\ ‘\-\ '\.\\ s 5
N . U VORE Y. W—— |1
N . N = e o I s
N ' ‘ : 41
~ 7\\\ \\\ \\\ ERR DO e -
-\W‘ %Vk ;«L ~x~; “\Vm._(,.m. [:

~ " N - .,

0110 BERZX ML, XML TR T, Ot HE A2 i B
REIEH Y 1, Rl e MR A ERE M.

PR SR s EERENEAER. WREE EH 64 MR, SiFEE 6 (I
PR, RFEE A 6 ATt EER. Al 3-8 iFISERA— 8-1 FEAR Rl Al LAEX L
FRAR A 8x8 IR RS FAOHE R E Jy 65 ~ 128 1, BUFEE 7 AR,
YREEAT A —A 4-16 ¥ BhERAI— 8-1 (Ui HEas (RE A 3-8 MR FI—1 16-1 18
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— T RE—REETHENKE4EENES

Ar ) EXEHR AR 8x16 HIEA,

TEXHEET, BTRESRAEG2EHE? XBRTEERD . MBI X
£ RAM i 1| (IR, X RN 22 B3 . XY RAM 2
AMTHES T AR, RAMBIRER O 1, RUARH BB THEET (RAM A1) 5
A (RAM 9 0), fAbIRa%R2 AT DASEE RAM ARG AR, FHE A AN REmIR

o

[ARY-}

HEESRREEN - MAANGES. BB TeEHIHIRE, T 8080
A RAES RUFIMNERE T SRR E#ATIN A . AU R R N
B — RS-SRS BT, BER 4 RST 184, XSRS BHEEING
A — M E I DB AT R B T

i, BAENH— TRBKAFERE BNNER S, YR, Tk fdks
. BTE, EREASEEEANBEEYIERGFHERS, —BEG, BHEINER
=FE%k. IERm, SeBARBRNREEBNFHERS, B—87B0HENA TR
BREQERERD . KHILR, ATEIEL EskRA EATIRRIFKAREER, IBM THF
RERPRBNAR. ERANTREYY, ATRBRARFEFNRE, BEER
SHIOZEH LATHL, TOEREN, XEEFMBEETT AR MBEINF.

TR NERARRIEREN, BERATE SR, HARNRNAT
ERtE, —BTAFRREEBATIUE IR RO FERIIRES . HRRBERRL, |
AN SBE AN LREOFE R EE, MR FMBE S RIRBER T,

ERE XA, ;TR A FKHHBRER H TH R ES . B/ 776423 magnetic
storage ) ZH R SR K B BT B TATHIR 6428 . RN B RERRRREBHE] 1878 4,
X—EEFEETRMBAK - 2% (Oberlin Smith, 1840-1926) R T B TR,
1898 £E, BN T fE/RERgRIN 20 5605, H—hm OB DA SS A, St RER
E/REED/R - J/RA (Valdemar Poulsen, 1869-1942) i1, /RGEE R T REHIE
Bl, ¥FXERAR, BIETLLERKBINEERFER. FEETREEMTERENE
Bekinz, HiRpsk2i iRy BRE RORE, SREFSNEIRBAEREL.
YHEANS R BMEEREI0ER, mAENRRBES HEEEESX. Lo
PR R AT, ICRANEEUS BB R RSk (head ) R5EHHI.
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21 AT

1928 4, HMAH|WAHFHEK - #8155 ( Fritz Phleumer ) ZH T —MELCRIRE,
FHAEBFTEM, HESERATEATER LN EBEHRATRRER, Sk FERE
MM L. AALNE, KHgRE R SRR FAERIRA, M—MERA. BEA
BRI ERN P A —E R, CHORTEENER, JUIRAERER. XN
o RAEIBE R EBORY., AN TEER RSB RIAN .

1950 4, FHBAI2LFE/\F] (Remington Rand) KB T #E— TR HHEN LT
BRI RS, AN, BRRERAR, 105 BT EHERRF/ULE
o ARMEKATREND, ®ANERNEFREVRAMTARREELE. BdRA &
/NRERF, FTDARRFR PN ARG RIREH L, R BARENETUNEFRARNG
o ZEE—RIBM PC |, B LRNERGRBFFESRTRINEL, =5, BHD
KRE—MRERNEENT, N TRSEERRANN, MFEREENER. H
®, BT ARREENFEN TR, BERERMBHERENE—ERA TN, &
HEEIGUFhIR], SO RERT 2 TE IR B (A,

UL AERE, BB SIBETIRN . BRSO, £
B RSN RSN R RS E), B Bk T LA B U R IAEATIX
ﬁo

MICRE SRR E, Bk L ER TR, 7751956 &£, IBM ARELEH T it
B EXARAE B BB 528, -0 RAMAC (Random Access Method of
Accounting and Control, THH5#HLIIEAIBEIIEIER ), ©H 5o M BAH AR,
B 23RN, F#EEHN 5SMB,

B MR PR ICRAS SR, BRARRRE/ N ARBREA, IR EE#E
S A (floppy disk ) FIBE#Y (hard disk, BX fixed disk ) #X3S2 H 5 TR S A H RN
R AR, SNEBREARRER R, BERPER (BaETERNIERSEST,
BARMANERBERARUATORAI 2%, TARARESHXE, AKX/ 4
F—HEA, BEES). EERRENRE, WIS HEARREWEEE, KW
R—EEEEVNEG, Bl T A/SHATHINE. RRNKSERZ N 8 ET,
E—H IBM PC SRR 5.25 ZTHUBRE, Aot , ERTATHOR 3.5 ZTHRE., K&
BRAHRENE, FTASIEARR B AR5 X8 ARk, BaReE
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— AR RITHAN .

BREEHLS NSRBI, BAARBARSIFE, AN THRERE, ENF
BUE b, fFERER, MBI REEASREER, A5,

AR S 2 RVE, FRAREE (tracks ), 8/MEE X4 BB EDHD
RIERMFEX (sectors), BMRXAIDMER—EHRNFET, BEH 512 0, F—-K
IBM PC HERIMSRE R AT UFE R, EE 5.25 35~F, Mok 40 Ml &
NMEE 8 MR, BAEXFE S12 THEIE. @R, BRATT UM 163,840 F
SEAE, B 160 KB, M4 PCHANME MWK BFAME, 0 80 MHE, B/ HHE
18 NEIX, BANEX 512 91, BNERARR 1,474,560 7717, HI 1440KB,

1983 ££,IBM 7EH PC/XT FRIcfli FH TR IRahES, YR BRI AB(UU-E 10 MB,
BiltZEm 16 F£8, BENEEY KT LA, R —E7E M. 1999 4£, 20 GB( 200
2F) RENERWHA T, TENHIAT 400 3T,

REMERABEAEMNACESED, BRItz 7T aEMEEE S 5 5IE,
XL SRR SRS 2 HIE T EA BN N 5 2 MHE . BIEmRATRRE I 22545
HEOS.: NNHEN A% D ( Small Computer System Interface, SCSI); IEREfKI/NE
1% %% 1 ( Enhanced Small Device Interface, ESDI ) FI8E il 1% £ H5. <3 1 ( Integrated Device
Electronics, IDE ), iXUbH: I#F| FIE M7 ( direct memory access, DMA ) £ A%
T E4R, DMA R LUA S b s RS, SEI BRTE ALV M A R AR A > I BB ik o
XEHOR SR PO AT, RRESRNS N B X TR, EEE
512 75,

HTEEIT BT IR FUAE F W2 XX AE S ERRE, RS R A
I HF B 2 BRIV NS S A28 T 2 X817 A fealfr J LA HE
T &0 HHM, XEAMTHARENRZED THL . XEMWHRE: memory ( NIF)
U FRE S EFEV S RIfFAER; storage (TEfRy ) RDRIBMEMIIA RS, BE QK
. BREAT. AR, SRETEXEHNN, ERMREBATAT R 244,

Shr b, FENEERGRK, SR RFMHES SEA T HEAaN T EXA .
UL R B R, — B, NN TN TUFES 2K
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MM S, GRRMEE, RIFRENRREES, SWEESS—EREAE,
R AEER RS 0 T AEIF AR T AR, sl G BIREN LTS (Rl /- af A B i 28 Z [RIRY
BEXHR, GIaSHAERAH — M IES, BEETAREYIE MR, TdER
BiAFtERS .

AL AR R WA, FERPrRNEUR R EANG (BTG
fEfEes ), B ETRRNHIEN, YRIFEIOMISE, S EREIT-B/ME
Fr, XBREFEN#EE, FREBEAEEFENNT.

KT HENLU R MR A B AR 2 RIZE R, AR AL m] DA B EAT TN
GRER: BEPL TP AR AR BB A SRR, RO ZR AR T AR B A T
BN BN EUE D SUHE, BENRE AR, IR AR SR
BRI, RAEENGER, ERIAER, ERFEWSE, ReEIRE. MRE
AHIEE, BASARERTENSA, EFE R BB AR feiin 230 AH4E
H,

XAt RIGrAL, SCbr b, APREERER L BERRIERR LIS (files ) YENSEACR
I . FEAERS RS2 IR1E R SE (Operating System ) REER—AIhEE, T HAE
AGEAMRIR, FT—ER#HIT L4,
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- BERS

—HUR, A—ME BT B RF LA — AR TR R D
SIS EN L. —AIRes . LSRR . —REBR . —6

AL
MR e F— MR B8 R X & RV A NG . YN GEREs, &
TIBEIHETE BN, M TFREE Lo, BXETEYA TR, s -
EHRFX — Ve AR =4 — RIS 5 % - B2 Hi8' (Victor Frankenstein ) 41
REMNNEE, EERSOCTEEEEABIEZELLEF (Geppetto ) IEFEREZIRBILIEE
( Pinocchio ) MITHTE

BRI/ T —LRA, BATEENDNERS, BARNEREF MOLREE
B ISR R T ST X SFHEN RN, S FRIRETHM 722
LIRS R IR fa , — SR X SE AR ——ASCIL B2 1751
WAERF = Lo AHBATFR, BN, LREFHESTONERSBELIES;

1 Rt nn” RIEFHL/NGHKERN - 53k (Mary Shelley ) GIfFRIRI 4/ —MXIE
R RM AT N, B2 EIE T SRR —A “A7 , H RN SIS,
RN - TR REFZREEFATIRNE T, gEARL ML T,



HXx& e LRPNE, ERETEIEATRUNRS. R, ROAXGEFHEES
MFTA RAM RSP T Y. MERATEE, TIHURRUEERSR R X SR T YRR
FAEIPIT, FRBLSERLEN 2N EE —It RV A B E—E
2, RS B XA I,

XHEENRENRER G, S—MUERE R EBRREAN, E2MNGENRT
MR TALR D, TESHF/RI) 8080 ARG, X/ MHEHERLZE 0000h, 7E— & THE
RETHFREYU, @ ERER, Beh—-FYRRBHESEBAR 2N (—%
HO P R—BEFRE &S )

PLERRISE SR E4MBR AN A7 IERGELER—amgrt it RE
PR, TTRERBNMIRHRES ARBES T, EAERERE? LRIeNE 16 E
Bt —MEHIERN T, XM EHERNIIEREIEF T B NBYGIREERS, 25
EAR B

: R
i
0 00CCCOTCOCO0C00
Ay A A Ap Ay Ay A Ay A Ap AL AL A A A A
IS .
, & 3
fH e &
QTR COCOD 6 o @
B, by D, D, B; b, Dy Dy o U 13}
TSN NS ONTS S g  BA BH
N NI N N N R

SETETESAERAR, XN ERER B T MR AT X5t
BBRNEMNBADER., —BEMRHS (B 1), MBS TE; Gtk
it (B 0), RStEERRsiT I THL A,

SERIARHER I B . TR, SRR E IS I PITHIEAES; 4T
FHERDTC, SafBUEE Rt R SRBRE S EIRET, RIS I A~
A REEE A 16 fzpgfEfEss it ; W4T Do ~ Dy MBIRA SR BonZ st
i 8 (IR, AAEAE - EN TS AR aERYE? B/l Fk Do ~ Dy R
RABESANFEY, REEEAFRETHECH. SRELERAFEIFHEAT
W LAERE, X EERIEEAIR, MBS TR

EERXASE R T X SEARINIET & R T RSN — RIS U B
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T SR —REATENREEENES

AT, XE—MENFEANSE, X NERERAFTER . BN
Fia, RFCTLEN 1KE, RO —AREL, X—EE L.

(B2 RF 44 I B e B R FFIE TS RN, BT A X AR
FifER? E—EhEATHBI R B RFROWBIE RS, ©F A 1 KB RS A7 ERE,
RILAFEAE 25 17, 94T 40 1NFERAH ASCIL B, BEFRER RNNAEBSARIGFHES,
H g5 E R s ash SN BERRT iE—1,

REER SR E R ERE R8s EERFER, SRR, B, REST
—MEFARFTEIEN RS, MRS 4Bh, AR X MEEEB ARNSE
AN NSRIR T XA ER, R E RS2 T8 K, PO RHIOXTRL ASCIT
BH{EIER 4Bh, 4Bh B DFRAER, HH 4 SR ASCH#572 34h, B X ASCH
H2 42h, PLZRHXBIA ASCI A5 RIS B reffeffay L, A B7E B nas L BBIHEN
Blfo XEBEHRA—T, 8 BB FTARABA sy, Hibaids i+
BB R ASCI BS, SNBSS b A R R

XA A OB RS /MO R I, T THE—ER 8080 {L4RFET, DIRE AT R
Ingsrhi 7R (RBEXANENT 00h 55 0Fh 2 J8] ) iE—AE O i) ASCIH A%

NibbleToAscii: CPI A, 0Ah ; REEMFEERRFEE

JC Number
ADD A, 37h ; #Ea~F#¥#WE 41h~46h
RET
Number : ADD A, 30h ; #HF 0~9 AL 30n~39h
RET

W PAKIHA] NibbleToAscii, FNERIFERFI TIER IS A Hig—AF HEREH A
ASCII X, 57 B e =% B 1 C Hi,

ByteToAscii: PUSH PSW ; REREMAE A
RRC
RRC
RRC
RRC P 9 = o i
CALL NibbleToAscii ; H#iascit
MOV B, A ; BEREATHFBBP
POP PSW ; BUHRRE A
AND A, OFh ; RHUERPEFET
CALL NibbleToAscii ; ¥E¥R ASCIT RS
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MOV C, A ; BEREATFERCH
RET

WX ERF, - NSRRI BRI AR b B2,
IMRAC CH SRR T, EREMENN T XML RESE BN EE
BRI (10 BRJLK) Hoa4E0

e, BlHOIE AR EIRERARILMESEFEANENG. RERRLRESS
B b, HElERESERBESBARINAS . EBI5E 24 EET— B2 KM
“FLLH" AR

EHEROHATERSEA Sy, HEAMETERM, HveREREENENG
HIER. BAEEAUMNSI G EE—G RN, BB REEREN
A X ——Ed EEEA 0 M 1 —XBOLE A, el AR A L R
EE:J0

SRR ERIB AR ENA T ZRE R A, ATmERIIC28E 7 — M itENE
#, BRARER TN, R E— M E S X EMERES. HENIN ARl
HISF, BT HIT—5 RST 454 AR IRSSMPLX K T, 140 RST 1, FAbFERsH
TIXEES, AR BEEEANRMRT, KRG RHE 0008k &b, FILLE
B X AhkasE N — AR (EHESTER ), XERBERAGELERF
( keyboard handler ).

N T HEEAEHA TSR ARIE R T/E, AT s B AN R BT — LS, X
FFNEEAAES (initialization code ). HEARTE SR IB TR ARISHIN MR SBOSLE , LAGRIE
HEARTERNFRABE RN AT AULRE R REITR, RS SR
BRSNS IRERT /< HIE 200, 7F ASCH AR AR, o, Witk
WA B AR E N AT B —1TEE—FIHIA B——OUT( Output )$54 AT LA SE 1X —#R1E -
HARE A R38BT ELMERABAN—E LS nH T — N EMAF RN
o N T HRAL RS aEMm N SRRl AAGEE ELERITHET, 0 HLT 454 7T LASERAG
A EIE TR,

HEUHARIBLR IR ARSI ERT. BT T HLT #5845, HEAUIRET-EHIRS. H
THRUEPEPURAERE, HARlE % Hl AR B A5 S e R r 5 SR
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T RE—REATTEYREGERNES

BRI E R AT R AR, XM R HIERS @R AR

TR, RERE PRI T, CEESsiaR AR K b, ML
RESARI HLT BBk IR AAREF . RESCERFAIR IN (Input) 54 FRKER
BRI T, FRRIEX MR R TROCRAE (BN, SR Mg
TTARRIAOALER ), SRIGTAT RET (Retumn) $54LGRM HLT 84), %5 Mg,

B P, BrEERRANS@NN R, SEPNETHe R Reans,
FrHigE shift @RE T SEHEANIY ASCI B, 8 TR TEMD, L2 EHX A ASCH
BEAWME RENNFY, YRXARMERN, MEESHEIRENAE. XN
— AR, BATTARER AR AR B BRI E (echoing ) JARLHE TR
SA#s), 52, EERSHRANS RPFREENSHEE. BEs, TUUsA
—HBF, RRREIHEFRRE FBREX,

ST ELREE (AHRIH) ASCII #5{A 2 08h ) Y, B/ BAMME RSN GFHRNFER
BREAFEETF R (HIOFAR 22— RAVAE SR AN ASCH #5——20h B
BRI ELBRATT )o XN IRA, Hbr2BE K.

EHENHERA TP, SHREERN, XN HEEARREREIESER, &
A PR, FEEHAELRD, 88 LFH “Enter” FHINKERME. TF AR
HITFHLEEE T “Retum” BERC L5 T FREA, ANt 1CE80F 17
MA T TS, SR ER T 1T, FRE, EHEHH “Enter” BRI
HRIFIZHEE, SSR—THIRAIEE 1T,

YREAEREFX “Reurn” 3k “Enter” 8 (XTRIf ASCIH #32 ODh ) #{TACHERT,
IS RIBRNAAHRX — T AR D T BV — %44 (command), 52, &
BABRBRFPIESIRITHG S, Lo, EBALHEEFNEGH ML L0BERF
(command processor ), EFJLMEBRM T =4&%: WH%. D@L R&4S, FEEA]
KIENBIEfE— Feflo

AR W, BRU W IIFSKICARTT, HapSHKIEETFIEN (Write) Fl
HiEH. Bl ABIRE N ATREL T AR:

W 1020 35 4F 78 23 9B AC 67
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2 &fﬁf’f*”ff

BITXEGS, 5B MR AL 10200 40FF8E, 3835, 4F HH &R
FHBANRNED . BrepuxXT T4E, 8IS IRfREFEEH ASCI Ml ZH—HaIE ot
SIEF A ASCI RS, XBEH SRR T3,

BTXRE D @2, BRI D JFAISCRT, a$ ARIERFhK —E B8R
(Display ) HiXK. FIAHIARIFER FIN—TARAED FER:

D 1030

BUWEIGATE, SRR SR M 1030h FFEARD 11 AN EBIAE B X
BZAABR 11 AT, BEAIE— NI LR 40 N7 RN E RS L, BRADrd
A 5#uitbRiR, J‘E‘Eﬁaimmﬂg H{HXLET ) ATXEGS, AR EEEN
FHINET .

AR R ¥ BRI RIFARXALT, FiEfT (Run ). ZapSHERMT:

R 1000

PATI A 4 RS “IIERS 2B T HBIE 10000 HEAR—BRERF" - HiomAabiE
FEFFAE 1000h 7EEETEFfFanxd HL H, BENITIES PCHL, XFHLWINAERE, L HL
FRTFREROE DN B R vHEER T, SRR BE: IR Fr T H R FE sl s TR o

BTy Rodn S PRRE AL TR TR, ATRARR SR R — A2,
—HEER T e, stEIE AN ARSI o BATAGAKIN, R
BENERR, B, B, XREEMTETERERRN.

B, RREEERZAIENE, —HXERR, REramimANEiEs
2HEE. MR, RO EFRRISER R P#ES (ROM) H, 8idF E—5d,
FEATHERIA ROMASHE? ERUEE T8 ASCH M F/ Bon BB s red e
R X BBRE , XEHIRAE] RO CAR S T, YRR LT ROM
SR HTRE, 4R 557 ( Programmable Read-Only Memory, PROM ) RfE4
FE—K ; o AT #ERS: M) 4w e H 1745 23 Erasable Programmable Read-Only Memory , EPROM )
EEEBRASAN, ZOHIEETA M RBE L, MRS XA LS P ERLS
FREAT AR NS T o

FZEEEHE NS, R—E2EE, RAM S/ DIP &, ATxAF
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”T FB—RETTHNKEHTENES

KRR LAIEE RAM ARSI HENE T o 8080 RALERIIALAT, H—1 RAM WAUEHH
HHEIR B A 0000h, {HE2HEHE ROM 0535, XA RE#I S R, i RAM flj4 E]
FEnt,

SRR O PR O S T RV R R, Bl e AMUTT LR R R 76555
BMANEGE, EEENE, HEUIESTAEH (interactive) T . YFETEEMA—ENR
T, WENSrBMEHmE, IRRFMANNE B3R,

Foan AT AEE] ROM Ja, SURJUARATIRIF 1« 2RI EEE S\ BRI 5h
7% (FIREREMEHAN EX/N—BIinER), REBEIERdEEREINGR, Bk
RRR, RAM HBIIREREL, FrilS RAM AL, 1ERr iR Esiarh 8L
2 (MBI MRS ), BREMRUL, bt 4E% ROM HELF,

(UNE L EHBw SRR ANER, EHRERGSOEEF RS, flin, Sar
ForfiE (Store ):

S 2080 2 15 3

1BTIXGMR R, EHEANE 2. 8158, 8 3 EXPEARGER A 2080h
FINFREER (AN AT/ N R R XK/ NUE R o 2505048, S8 mT L@ S
In# (Load) #5%, IERAE EARNBXHKINAEBREINAY, wTErR:

L 2080 2 15 3

LK, BRI EILR TR, XRLAEM . FTURFR EgER
Tele TEIEEAE: ARBIEAL T AL A SUNE B NI Hoh— Mk,
IRIXFERIE, RAFEARRIER BT, BAORH, BFREENERBEM AR, HBk
# (Jump) FHH (Call) F8ARRIIBARRFRAOMAIE, FrLlEfTIN 2R A X
HREI, BFEERNEXKR, XNMEEL T EIORERIET . M 5 EX
EHEMEFEBES R T, MBS —EEXEERN, TR LIRAT ey
KIS R RAF AR o

BiE, ITANRAAEERSNTAME, BHFERTFIRIER TR, XALTIER
%, G, HTXANERE, RS (file system ) Niafzt,

Xt ARG REIRFMN—FTE, SURIEBIRASR A (file), FIFHN, SXHR2
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2 BiERE T

FBURNES, HARE MR EX. BEENE, R AN a4,
ZEM TR TXHRERNANE. BR—T, BERAEEUT-DXHE, X
EHEMNMRE, 8 LRSS,

BAVERZ (operating system ) B F SR MW EREFES, XHRSHZHEPH
—#5. RIEPRIRERAIRRRF e SRR RS R, EBNRIER
%o 2BIERGERRBMET 2., EWMA TIERTE? XEMTRIERAB KL
BEA R, EEAURIERIAREMRE L, BsiE B RR TR AN T/
Bl

MRIRRRIER G R R EA —E THRE, RBE2H5E CP/M ( Control Program for
Micros ) JEfE RN 8 (A EEARIRIER SR, BR 20 4 70 FERAFHARME - F/RAUR
(Gary Kildall, 4= 1942 4£) %1J9 Intel 8080 FUCEERSTIIF AN, INHEJERM T DRI
( Digital Research Incorporated ) 2sRIFIEIZEA o

CPM BRER G AR L. A, 8 I TBER WM CPM RF T
fENBL, A 77 MGE, SMEES 26 NEK, BMERRANE 128 M7 (ESt
HTRIA 256,256 MFE ), CPM RGAFBAERA RIT IR  FE R Bh ALY,
FEIL CPM MEATFANBITH RN, TN X — BRI TN

FEEATE, 7 CPM ARSI A 2 ANEE, AR T 75 AMNREGE FIRAFAE S
o CPM BRI R, ERMREARRERICRTUARER, B, 830
HERAETHEAERTHONET, TR, XNEFHEFRAEEATN; Sk, X
B AR AT RN AR BB R HK, s
hA—E B L IRESMME R, ATER, BT RNARR SO 25 e 2 A
Br, B LR AE RS RER ., B2 S AT RIS B B X3S
wT XA RGRARBAOEHII, BN RS BUHE ARSI L.

TR EIR TR 75 ANEE T X R SR OO, 13X S R X 343 B allocation
blocks ) BT H. BN ERPE 8 MEIX, it 1024 NMFY (BN EXAR/NNE 128
FN ) VIDATHEE, FEREAE FICH 243 AoBddk, 4850 0~242,

H% (directory ) X5 AR OB ANSECER (45N 0F011, K3k 2048 75 ) i,
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T RE—REE R ENES

HRXZ2ESAHRH—MEFEERXE, BERXEDENXHNEEMEM - EEE
BEAEE I, ARIEE RBEBRAE. SRERH . FREFOEFEEL S
Ja], B FEEAN ST RIE BRI (directory entry ) K/ 32 =, BT BRX KN
72048 75, FrUAX NS B PTLAMER 64 (2048/32) N3CH,

AT BEBARIE B RIEMRI X, §—1 32 FHNERTRAUTEER.

F W & X
0 WEERHO
1~8 &
9~11 SRR
12 XHY R
13~14 RE (RENO)
15 AR EX
16~31 WE AR

ARG, F-AFHAREEGNRERSE, DAXHRSGERNIELA
PR EN AR ERF A 1o /£ CPM H, XANFWRE 13, 14 70—, Wy
M0,

CPM WSS L PR D RIBE, SB—HaMASEE  (filename), X
R 8 NI, BRBINE 1~8 TR 2. BB 27
(file type), BZHM 3 NFHLR, XV FRFECEHRINE 9~ 11 Thd, BI1&4
IR B L WHIPRAE U258, Bilin: TXT FrmCASH (e A2 ASCI RS );
COM ( command [{A] 5 ) FormiX MNP AEIRINSE 8080 MIERiDHE4 , sk & UlE — B2/,
BB — R, Bt A sRBEX B, W FATR:

MYLETTER.TXT

CALC.COM

MR R FRX I L2 5N 8.3, BB NRESASEHREES &EH 8
NER, FESSBRES 30T

B R RAF— T2 F B RIE RSO B R 16 ~ 31 F i RS %,
EREARI AT E R D B . BRI 775 R 00RT 4 T4 B4 14h, 15h, 07h, 23h,
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2 BERG T

HAF2R 0, XKWL AT 4 Mrfeizsial, KNG 4 KB, Mskhs b3X#Alae
FRAM 4 KB &, HARE M EREERERS HXEMEH. BRBHE 15
THRARE D ERBEHE T 204 128 FHEK,

BAGHERNKEN 16 7, RETLIES 16,384 T (16 KB) HIXH#H, IR
R EBT 16 KB, AEEHZANHRIKEE R, XMAEHAT R (extents ), AR
—AASHE R EREY RX, WHEE-NMERINE 12 FHEERN 0, F_NTEHFRM
RIS 12 FWRREEN 1, MREAHE,

MAHNBAEARSE, BHEBRZHN ASCI X (ASCH file ), AISCAH
( text-only file ) 5k4li ASCIH 324 (pure-ASCII file ), RiFH HAth—HR N2 R, ASCI
B (REBITRMEIES ) B3RSl — AT, SRR 5, BT
Bo BRT SUAAS, HARRSHRRAHFISH (binary file), £ CM/P H1, COM X
PEIFIU0 2 IR 8080 DLASHS, B IHHIHE.

Bg—ANHER A=A 16 fi8, . 5A48h. 78BFh F F510h, S #4-2
i, RE e EHEAINLT

48 5A BF 78 10 F5

XXM Intel A& ZORFFIEN, BUERTHEIRMA, BAERTNRSM. HARRA
HIBEE SRR R RX RS S ORAERET, B1204 Motorola AbBRES 4w SHURRF BB THIA T
R RRAL

S5A 48 78 BF F5 10

B R = 16 A3 ASCIN SCASCARAFI, WK RIFIBUR L P AT -

35 41 34 38 68 0D OA 37 38 42 46 68 0D OA 46 35 31 30 68 0D OA

FEX SR EAT RN ASCI ER/RIER, AR AR (0Dh ) A T7F( 0Ah)
KFRF—PNEHR, A DAAES RN ASCH F R BT,
MEBFRHATEHER R, FIUABSEMAME, I FFR:

5A48h
78BFh
F510h
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T RE—REEH NSRBI A RS

AT I T B RRFOR O E X =B ASCI A A

32 33 31 31 32 0D OA 33 30 39 3 31 OD OA 36 32 37 33 36 0D OA

XA #HHEEE ASCH BERRFoR ER =8, XFMFRERNESFNI, W
THUR:

23112
30911
62736

B, ASHEST AT, FEE, 57326, H2ERERG A
R, BIEEdEA PRS2,

SR B, MBI M MLERME CPM RAA S, i CPM fEE FR T
BiafTH, DAREMBRINGE, RiEfrfEas (ROM) £ CPM i EHIHREREHFA
2, REENERFB—/NBHRA ST (bootstrap loader, BRIERFLAIHRERS AL
WX BT HE RS EBON5 17 ) KRB, HHUSSIRN, Ba FEITHm 128
FRRENANE, 2HED5ISRFIERINGFHET, IMEXKASERHENRE,
AT CPM HIGH RIS BB M e, BANSEHCOIRIERANS1R (booting ),

BRGNS BTEHE, YR (RAM) & DO AR CPM,
NESE CPM J&, BARAFERARSHEL AR,

0000h:

RHBH

0100h:
TR R

(TPA)

FeHl G oA
(CCP)

EXRBRMEFRA
(BDOS)

EEBA/BERE
(BIOS)

#o
el
&
i
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2 ReReT

ZE UM bR R T NS MRS, L BIZIE &35 B 5 WA
H & A4 ( Console Command Processor, CCP ), FEARESHR1E & 4 ( Basic Disk
Operating System, BDOS ) A% NAH A4t ( Basic Input/Output System, BIOS) =&
CPM =AY, X=AHAHE AT 6 KB K/MNANGFEE, E91H 64 KB NAF
ZIEEHENIE, K& 58 KB #IH#25X ( Transient Program Area, TPA) 5 H, {HE
iX 58 KB == [H]—FHifid B2 1,

i & e S R PR ShEERDART PHE T e S AL F 2 — R, 7R X, @
B/ REBFHEM TEHE (console ), #H &S HREF B R THIRNGSRRF
( prompt ):

A>

SR RFFEE T A —8E B, KEBTEVAIRRA AL — M EhES,
BB EIEERN A, CPM #EHEIZIEhE T, FEa SRR B 62 Hi%
% (Enter) &, #H&®SAEEFSRTEZS S, REHPITHRERE ~BIFE L.
PITSER S TS, SRR S REREL, SF P KA.

Al Ga SR R B wd, HhaEERNGSE:

DIR

i S AT E AN ERER, i, e T HEEC/RE FRTa X,

RMARRTEEEE AR ELTMRBN, IR LM Ew <P g “7 7
FI“*” SXPERORF R TAERIE . B EDR YT B R FATARSCASCH:, AT T

B4
DIR *.TXT

1]

DIR A?27B.*
W B RATASAEAE S MFER, RPE TR A, &i5—MFERE B 13,
QURABMER AR TS, ERFG S ‘Ei2 Erase 45, filn:

ERA MYLETTER.TXT
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T S REE AR ENES

FARMIBR 4% MYLETTER.TXT HI3CHF, ToizE4T T EKIA2:

ERA *_TXT

WIFTH BSCASCH AR IR . — BBRSCHE, ISR B R0 R P oy RO 2 Tel 48
KB

REN h —E &4, ER Rename WS, HarSAIIREXHZ. MREE
TRASHRINE, TR TYPE @4, XFaSRIIREEA U, EREIA
LS ASCIL I, FrUABRR: XA A th il DUl X A dr &SRB, figm:

TYPE MYLETER.TXT

FREE MYLETER.TXT XA . SAVE &4 HRBEEE, B rl ks 45X i
H—AREA 256 THRNEREERREE D, HHAXMNNEFRIEE- 14T,

LR, LRATAANELE CPM RTINS S, IRIFRA— AR CPM BN
&4, CPM SRV R GRS —MRF L. TREEREISHHER
850, HXHER) coM, REERS . BHE G2 F ATIERA FERINX
#, WRER, XG4 CPM MNRERINEEBIEH RFDXOK, Xt 01000
Hh, —BXAERANRNGFEITEST. PEAGENAENSR T EEP S H R T8
BT, THEMNMITFREH. BOFE CPM 23 e EisA

CALC

WERTERA I 7745 % 9 CALC.COM 3CHF, WX gdsfl G ar S AL EBRFAABINL
Huht 01000 FRAGRINAFH, HEEH GG SAREF SR H P TIX BT

BTN T LR E SRR NASRIMESMEH T, BRAMEARE
L CPM B A SRS AREINFINERAE, ELISMERIEEnME, 7
X HZLA 0100b FHEREIPF2STH]

CPM H1—E:St IR AR, % PIP ( Peripheral Interchange Program ), Blh&3z#
By, B eSS, ED BXCAGERS, WUGIEMBECCR . £ CPM &
gerh, HRZ % PIP A1 ED —H0RSF, EIHR/MBRIELSERE I S, XKEF
FRAEA (utility) R {UNEXE/NORREF BT ABH, £ —RRELL
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22 #BERG T

N FfER (application ), bLan7AHERA-SOHENIM - FREKEFE, £ CPM R4H1, X
WA S SR TR RN AL, MK, WREFE—IEFFEZETF, thalll
HEB TG XEA, XERFRIF AT COM B3R,

7E CPM (RUSBIFRG—HE) H, BINTHR TRSAAE, Handnfr sl fld < st
FARR N SCHF AT R SRR, PR BRI a1 RIERAZRITIREZA
g, PEEAEERE=ER 6.

BTER BN, BH A ESRIBE RS L, ENBEEREANAE, BE
BRI, XUERRIETTIE CPM TR HHEMIIRIE. XHFEE CPM EFF
RE EEFIA D RSN EANRHAE, thRT CP/M R F e i MR Rk
FRRNRINE, ERE CPM R Bl WA SRR, RiEER S
SRR B R RAE BRI

A2 BB B BRI FRINERE? BEREEN, XS H CPM b
MIFREFFSERSER, 75 CPM T IET THIRE FEad i X 2o e i BV AT S AR O3 A . 1X
BT RFER L I THY, WA BT REA- ] DR A 5 Ml BRI, M
PR RAS . BA. BARIDSRYE, MEF RATOCDIXEIMNTIERRIMTERR . HE
TR, G, BIXIXAEGER, BFRALENE, XL TR m CPM KT,
BRI ASA ST Y B RIS,

BAEAGRMINE A T E DR R UL F BT s M T BN, BIERS
RO R AR YEFR AN API (Application Programming Interface ), BN 2P,

B2l B R APIUR? 7 CP/M FiafTiuiefy, WLABNRKAF C RER
FrEME (FRATheelE), HHETHMES:

CALL 5

¥ APL, Blan, fRANER ERT T —, BRSETPUT T RS KRB B
M%) ASCII 75

MVI C,01h
CALL 5

HHRIXARMN ASCI B ERAFE RN A b, R, BTiXFH<:
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T SRE—REATEVEEAERMNES
| e iadiiontaldialan

MVI C,02h
CALL 5

TERSIUE 7 ~e§ b U ATR AR B R BINES A i) ASCH BBFERF, SREMAREE T —
MILES

MFARFEHE -, CEH BRI tht (RAFTEF /783X DE H,
BEPIT IS

MVI C,16h

CALL S

PATIL 4, CPM STERGR T — =308, P UARI A CPM SR H ATh
ek XHHhBANE, REXH (close) XH#, M XEEWRE XA FstEE,
T BAONZO A TR T 298K, 20T LA IR B AR FE AN A2 e 4T 7 ( open )

CALL 5 #84 BT LIEE? CPM fER Aty 0005h b E T —4% IMP
(Jump ) 654, EBEE CP/M B AR BRIER S (Basic Disk Operating System, BDOS)
RSN S . XM SIS/ MEF, CPM B BIIhREER T e {158 BDOS,
BB, BREEREMAF A LN RG. XHRAEFESLmEHITZHE,
FrLA BDOS £ H EiAH CP/M EEAH N4 H &4t ( Basic Input And Output System, BIOS )
I —8 27 . XBIGER— T, BIOS WILANEEH#ATHN, hanEa. S Res
AR sh#e% . 555 |, BIOS & CPM HME—FE Tt YA, Hifth—
LEXTEE ARV ERR T L A BIOS WA RS, ol & a4 AL FR AR Pl A
BDOS R EHEHCHANIIEE, M CPM TR FF R ts,

A UES R, API 2— 1 51%%& 7% (device-independent ) M, 52,
TR LR HE R TOEVLS] . SRR i TAYENLSI L XA R X B/ B A,
7E CPM TREMBFAFEMNELRE LVEME, BT CP/M R4 IIREE R 2k
A WA RS AR ShaR iR, WIS 2, API F# T2 RIMZESR. BT AP,
REARFHEAE A2 FITR A, EinrsMer A Rt ASAEH , 5 CPM BF#ERATRAZE +
AT, NI T CPM FEFIEE ¥ & (X B ERFTA CPM T L BUZ1TLE Intel 8080
WAERES |, sRE B TAERRPAT Intel 8080 54 MIALFERS 1, %N Intel 8085 5K Zilog Z-80
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AEERES ). FDA, FEGEA] CPM RZHIHEAU, FRAEEASRREED CPM R,
WMRBERRER AP, FRFAIUREANFR SRV TN AOBHRIE, A REVIRIRE.

CP/M ;2 8080 HEEHMITHIRIER &, HEEE I, EANEEENHEZT .

16 £74#81F %4 QDOS( Quick and Dirty Operating System Y Z 1R % S HAMEX T CP/M
B, QDOS UHIR & HIAF/RA TN 16 £ 8086 AN 8088 T TR THY, B H E UM
B EAL= 2 E] ( Seattle computer product ) FIEEM - MHkE#R 2 F . QDOS RAFHIMEK
AEIFMEE LN 86-DOS, 1981 4F, BfiE IBM X PC 4, KA R 86-DOS
B &3 MS-DOS ( Microsoft Disk Operating System ), LA 24 IBM A=l F{EE—
RAANTEIRIER S . XMEE LI MS-DOS R4, AR ENhthELEE
FCH S, B 16 fIRAE CP/M (7 CP/M-86 ) 7] fii-F IBM PC, {Hi T MS-DOS
R R, HBRACH TArdE. HAbA™ IBM PC AV /i th s sAUE
MS-DOS (£ IBM 54 E#N PC-DOS ) £,

CP/M WIS R G MS-DOS A HAEAER], £ MS-DOS W, RGP
5yFc# (FAT, File Allocation Table MiHS ) MIEZKRALN, Microsoft A FIHLE 1977
FRIT M FAT T FAT OEABALR . KA RS 8% (cluster ) — IR/
B S AR /INRILE——M 512 7958 16 K A%, 8 TETH. X
A SRBUIE R EEG (starting ) FRIGOZ T, MR LR T -6 B FAT X

g/~ H RIIFE MS-DOS #Z 4 b5 TH 32 775, Hap A TP CPM 111 8.3 TEA- 4%,
HRERMARBEEX R BENEAFRHMCCET R4, Tl CP/M iy Scih 27,
MS-DOS HpRUIHEZAUSSEWRYIE, B EEASM FHRNAGMIGEE: SUHHIRE
SR H AL I RSO RN

5k |, MS-DOS IR il A s CPM 15t RS, LU IBM PC A &7F ROM
HESAE T—E5#M BIOS T, BiLA%E MS-DOS HAHEFHEE BIOS, 4 MS-DOS Ht,
A0 HRES B — My 28 COMMAND.COM X, MS-DOS fIMiftiafiTREF: —&PL
COM Ry R4S, BA/NRREER 64 KB, — 2B A—S6[f2ry, DL EXE (AR
FTABEAT ) AR e, RIS SHE al AT .

% MS-DOS #4137+ API BRI CALL 5 8:17, {HAS/A Microsoft &7 irifs i o
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T SR —REETRNGRERENRR

i

¥t T—EFno 0, XAFE O T 8086 B— MR AT ( software interrupt )
HzheE, Wi, E5FREFABRENYN, RASEFALAECHEAN A&
Frromfatiibat . I PAT INT 21h X K154, BFATLAAA MS-DOS ) API ZhiE,

MEEE BV, NARFHARRERE DGR EYRIES, mReEHGREYRIES,
ATLAE N R E R RGO O RFAT. AAMISEPR L, 7E 20 4D 70 FAKFN 80 AT,
TR LTS/ NURIER S, AENARFEESRTEN, XFERaEL
BAXI B REESIOR R EESHHE, Joft2xixie? HAmREFEFYE
BEANWAE RS, ENPITEEERRT AEESANSIE R, Bk,
T EEF—H R EE B R R F—RERFRER “OFERT A
R, ZIRFEARIER A S AR thiFIER I MS-DOS R eidlr) “ AL 4",
ERALBESF RERAETE, BVNIEF RREREF RS B4R
R, FEINFES R EREARITERE,

BB RXAMREA, B1TTE IBM PC | RIFRATHR A EHE KET IBM PC XNMEHF &,
BAIER, BURX A R ARYE IBM PC MBEAFF S54RI, hT#1IBMPC F4, HAh
PlESHIE AR AR RX SR . MRAXEEIE, HRATRA B RATAER,
B EA R IX S8 1BfT. FrAERANEECBTESHI “5S IBMPC S ZH
FE” WFH, XEREI TR BEENER,

BT 1983 4F 3 H & T MS-DOS 2.0 JiA, SEITHINARAAML, B8R T X8
RWEBOEE, BRYUNNESTRERN GRSRNinE), HEEERKR, BRE3%
A, ERNARTEEREA, XHRTROME, BEARBAFEN X hRREL,
TEREISCEES , MR, TR MEEN R AL R EE A

AT R AR, MS-DOS 2.0 5INTEXIMHF % (hierarchical file system ), BR
R MS-DOS HIXXH RS T —4/ NI ED. RTEIN ST, BRI E
X, ER—IXHIR, 8T IXHFREESMNENRGE. EEKSRSGH, A&
XHEAGRERR ER, R ULXE XS HAA S, Hrhi—Sagef R B %,
AT, BROFREHLERHRN, ERMNERHRIRER (root directory ), FH=R
( subdirectories ) EHSARMBEFENER. BT HR (FR#HXHK, folder), BEATLL
BA EMAES# T A, AT B RSN E R EEIENEENER.
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WRIRERZ, BRITABRAREIEALAN UNIX A%, CERIERGNRES HHE
HEERERMN, PR, BRI RS MS-DOS 2.0 B HAMR L ThEEESE M UNIX #
TERGHELTIRN. UNIX BRIERZZ 20 42 70 FRAEDURERZIT RN, & - &
#% (Ken Thompson, 4T 1943 45 ) FIFHEHT - B AT (Dennis Ritchie, 4T 1941 4£) 2
ARG EEF £F, UNIX R4 (FEEFEAS) MARPIEEXEER T, UNIX
BRGRIETH H1) Multics ( Multiplex Information and Computing Services, F 2R E
& BRI ENESS ), Multics &2 PU/RSHES=F MIT (FREEE T K% ) 1 GE (HEAHBRSAF])
EYEFR—1BH, JTEWHRT Multics IREEX I FUEN B M BHEEE, hz&H
BT R, 1969 FIURERZRH T ZHE, HE - BEKMFHER - Bagaxt
WHAT TR, AT XHT Multics, B(# 4 UNIX,

ST B ORI R RS BRE, UNIX TR B IDHRIER F . PARTA
B BRERGR ST ER U ENESHFETT AN, H UNIX T T HEHR, ERTR
HITH RV &, BAERFNTBENY (portable ), thkEHAE CIE LML FABH]
PAIET,

R UNIX R, DU/RITB=EZHFEIWEL AT&T ( American Telephone &
Telegraph, SEEHIERIRAT]) B THR—B5, A TS AT&T 7EHIEL FHIZNTHA,
BB e R AT&T #9E UNIX R4, AT&T #EEERAARIA. EHILM 1973 4],
RBRE. A RIMBURIMEZAE FRFIBTF UNIX, X7 RE FEd# T UNIX 0%
o 1983 5, AT&T REFHEBHENNLRIH A T EBCH UNIX B,

BT UNIX H] ZRARB T S ARBRAHFIER, el ERERRNET,
BATEARKHREYLL, FHARNSHEHE, BT UNIX R DT, &8
RENRKE/HRNE] UNIX i HEShE BB AR, AR UNIX Has g4 4
B, TEZHRTE AR “UNIX B, fEXHBRNES T, A1#EMERX
B EA R % UNIX SCRRERFEBCCASCH, FIREREM—LITEe
A, SRIERHHEBAD -, BT DRSSP R AR UNIX LR,
SRIGXT X B ASCABAR R FOALEE

£ 20 42 60-70 SEH, HEHAUERERTAME S, M- PRI BR
AKIK, AT EBUES N AEN ERTEN, DRAMENBRERGRIR, X B2
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AR REEHEIAFRARNES

{

H & UNIX RZHBATE R fiH UNIX R0 EYLEN N5 & M (time sharing ) 52K
—IXFRAR S L A PR ST R TR E—REEXAN B tHEYEE S
Fo#% T oS RINZE (terminals ), AR PR X845 R T EA. @R
AmARRETE, HARRXE M FEAEI O AT TR, fH SRR
NENH RS .

WRE—MRER G LT URBHE T 2R, WAL RSN L/ES (multitasking )
BAERS. B8k, 5 CP/M F MS-DOS iXFEMEAESTIRGALL, XFHRIERAEE R
B2, ERBTXRHZESIMINEE, XHERALRRER, HAFR-DXHAIRERS
ARPER R BFRETHEES HRNEER, 5SS RGEE BN R,
LR R EEH TN ( memory management ), HFREHBEER, ZiitEFHITIE
THRESHRKERANG, MRNEFABEL? tl, BERESINTEMNF (virtual
memory ) K. BHRINEHE, TERERL L RIH IS 25 B RS OR A SC8F, APt
AFEHORNAIUREIEN XH4H, FREN BT AARS .

UNIX BESBFAE TR R BIIAE 2 T BAILR S 1455, 1% FSF (Free Software
Foundation, HH#A4ESES) 1 GNU B A A#ES) UNIX RN THRI 71, e
#RE AR - HE 1] (Richard Stallman ) GIEM, GNU W& : “GNU 5 UNIX, Bk
FRITE R SEHAHR” . GNUBIAMRE £ fl#—5 UNIX R4GRE, HAZHA
BRI RIE R ZATT IR, XA EO#ER T, WL 7 F2 8 UNIX REMIE
MR TR, HhREAKER Linux A% Linux RGN (Core 5 Kernel Z5F] LA
FRHERNER) fl UNIX fRFEIEN, ERRERs R 2 HF 2MEaill - 58X
2% (Linus Torvalds ) 58t tHT Linux RGN, Wk mEFHRITHRIER
o

M 20 42 80 EARHHITE, TTAKREN . EREEGH ALK N T RIFAG KR
H-— K%, BIERERAFIF) Macintosh RZFIGEKIN Windows 2%, e lRLE TEE
M A AR Bk, N EFEEES THM. X TEIEFMAIHL T ER L
R, BATRAEABRERE LN H,
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R BOMTE LB

BFHiels, B 28O0 BEFSMHEANRFS5BATEE AR, BT
HIAEFA VTR fadk . BIREE 2.75 /NG, A FHEER TAERRI 1.5 f%53
FHR Y, IRIFXEER T RSB T 8.25%NHER .. SIS T Tm
TR, WAREXM BEER" FERE. BRITEEFITERCLXFNSIHER 58
ERMFENFHALRE 2.6 N7, Bl ALy MR MEFERENESS XA
gt (XA R AR B ).

FEW SRR, BB B AR AR X ZME . BRI IN 2R,
RN — SRR AT A 500, LIRS P A R T s
BRE AR ENGEIR, FEERRBEE AR A 5 A 2Ok R,

AP BRI 4R, X ERBEBEIE T B AL (positive whole
numbers ), BIHFEAER GO “IEEE” (positive integers ), Z el /4R anfarFl 1] 2
FIRNSCRFR “TUBEEL” (negative integers ), 127 ik A ALH IEBOAN S 8RR EH 1]
B, THERFESIH T 8. 16 fif. 32 {7 —JHHIEFTE R R IERE N 2 NG
=118



T #E—REATHREIEREATENES

LNl 0% EERMEE BN 2 MINCEE
8 0~ 255 -128~127
16 0~ 65,535 —32,768 ~ 32,767
32 0 ~4,294,967,295 —2,147,483,648 ~ 2,147,483,647

BAFTENFRBRI SRR XL, BRItz BEREEX T AR BRINEE
FRH—AE, MBS (rational number ) B33 (fraction ), #ign, 3/4 B—MAH
B, WheBH 3 M4k, TAMBATLUE 3/4 235/ ER, B 075, &
BRI SR H#E8ER, BEdbs LR -5, B 75100,

wEE 7 ERE, AHRERFRED ., NMUIZBRBIE AR 10 FIERBK
FARSC, MR A DRIBIE— A 10 A BBRRMS BAWESE 7 EHEI T 42705.684
XA, B, BIHEBERR A TEMEA:

4 x 10000 +
2 x 1000 +
7 x 100 +
0x10+
S5x1+
6+10+
8+100+
4+ 1000

FERERSFRE T R BRES 10 R BEBRFARXIES, ATERREGRATUR
RS

4 < 10000 +
2 x 1000 +
7 %100 +
0x10+
S5x1+
6x0.1+
8 x0.01 +
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23 EAKMEAR T

4% 0.001
e, BAWZEERR 10 KAREA.

4x10* +
2%10° +
7x10% +
0x10' +
5%x10° +
6x107" +
8x1072 +
4x107°

AR BIREROR BN, RN — MR 13, GRA 3 Kk 1, 2585
IXFERIZER

0.3333333333333333333333333333333333333333333333333333333333...

FNEARRERSE A 3. B ESE A 3 N EEN—FEHRE, TR TR
(2NN GE LT S

03

g, 13 2r i/ NEARRGE, HERRR—MHEY, AR L
ERRMEBRILL. KU, 17 ATLAERRN:

0.1428571428571428571428571428571428571428571428571428571...

0142857

FCFREY (irrational number ) B—EEEANATAFHIRL, 02 BETARE. ENIARRRTA
PIN BB, XRERRE R/ NGRS RS K, MAZELHE, ’KAEF, fla:

V2 ~1.41421356237309504880168872420969807856967187537695. ..

THEXAEBE S EROIERRERE 2 FF TR
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T B —REEHTHNKEFTENES

x*-2=0

MREANABAREMUBR I EABORB TR, 23X BAREGHE B
( transcendental, AT ARARIER R TCHREL, (HRN Z AT )o = BLE— MR,
TREAMNBKSHE R, TTRUEEINESRA:

3.141592653589793284626433832795028841971 69399375 11...
e BT AR, TR
a+ly
n
U BRSO, T By
2.71828182845904523536028747135266249775724709369996...

HArgA AT e AT — AR EFUCE %A T8 (real numbers ) fif
ASEE X EMWBEN ¥ H 5% (imaginary numbers ) X HIFFE, R 7
A SBRNEER—EM K T 520 (complex numbers ), A ZHAUT, CATEBPEER
FER, Blan, BEEATAAETISRMR, CAeRRE FERNEES R B A EEN
o

BAVIR TR FEHES: (continuous ) 1, EEAHBMNEEE, #rTLARH—
MITENZIANE. EFrF, REERGXM B FHERE, B2, By
TESRARACEE N 1, D IR AE 0 B 1, WA Z IR R, X—FF i
PE T B RN BEACPE B8 (discrete ) $E . "3RI BB E T FTHER R
SR B, anRURER —#EIN B0 32, MIRATERR R ORI
& 0~4,294,967,295, WIRAREAETHREHRfFAE 4.5 XA, WIFZEE Ry i —
e Hoth 5 TG

IR RT AR R g T S 7 HARETLL, s RIS VA PTRERE B BCD 8 (2
PERIGRALI T FEEIE ). WFE 19 TR, BCD M2 Tt 8L 3 E Xt r4ais,
0~9 Z WMNE—MIUEFEN 4 ARFR, R,
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23 EABATEH

+i# T BCD {53
0 0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

(0| NN || WM —

BCD ZRffEiE b3 SEooMse sy RoniEak . kPR RIA F. SBRATARIE AR
RARE AR KR A SEATRERIN, XEAUEATEE MR EVREF T, KEHN
BT o7 TR A4l 25 (MO 24 T 3t 00 o A 8

HHEEHA BCD BFAKE —NFW, XM AR AH:4E BCD ( packed BCD ), H
F 2 FFNECAFD BCD B—2 8, [HIH4E BCD & 520N 1 7 FIRARAEI0IE £,
GRIBAR M EAL (sign bit)e AT HRIZEMEEN BCD HEMBHEN, A%
NI/ N FFS AR 4 (78R 8 MIFE2S A,

WEABRE —AMIF, B BAE T BB IR B E+/-100 Tl
XEEKE, FERNOBRETEEE -9,999,.999.99~99,999,999.99 , Ht{RFIEF
fEFSHNE RN STATEE 5 NMET. Hit, —4,325,120.25 FIIR RSN TEH 5 ADFT:

00010100 00110010 01010001 00100000 00100101
B g7, BT UAS A& sk
14h 32h 51h 20h 25h

FER, mALREANFIAAR | FRIEZER S, x4 1 BIFFSA. R
XA F RO 0, WIHATZEUZIER . AZENE M ETHEZM 4 2R
FoR, M7l 2R AT DR EIRHES BHX — 5o

R E R RIS TEEY K] —99 ,999,999.99~99_ 999 99999 | TIFATEEF 6 NF
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i

T B RESHRNLR R ES

11
.
f

TR, B SAFTARER 10MF, 5B ANE BN ARERF S,

X TSI RERIRRIC T R B E B8 S fixed-point format ), ATiHH &
AR N B BRI A e A B — ARSI, AT NI AT . {8
BERENE, AN BTG BITRA SBEM G —&7E. Al SHEA
INEURTEFF D FUNIE/ NSURIIAL E o ARAT LA R B/ N I RN, JFELRT AR
BFHRGEMEN, (BRI XERe TR AR R & T B AE N A
XA BRI At B & Fus S AL EE.

R AT LAE 2 BT A R BRE A BUE RIS 8], I HX S8/ Nz
" 2RZ, ARAME AR /NI R — MR R . 7ERRIER KRR /INMOEK
B, HE A RBRANAEEN. BEFERE PN ES B AR AABUAER A3
ARBE SR, FIREIAAERYIAIRELE FLoFE B B T RE B T . MR 55 K BR 2 (A1 EE
BiiE 490,000,000,000 3R, fiEEFHI¥ESA 0.000,000,000,26 o/, 5K AE stk
RINTHES R, T ISR RS MIBEE 12 071,

BHEF A LRI TE R — AR “R22 0805 (scientific notation ) (753K 10
FIX BB AREB/INOEL, R XA ECR G ] WA S e T R U AR X S 3, BR2E
BOrBEA SRR ARNLS 10 FENRAKER, PRGBS E KB o, H
B FhTHOT BRI S & R AR KRB N B, SRR, XA

490,000,000,000
AIRAE R :
4.9x10"!
i
0.00000000026
AIPARR A :
2.6x1071°

FEEBEANEITF R, 4.9 F 2.6 #FREVNEE D BE B3 (characteristic ), HRHE
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23 EABRTAE T

WHEFRIERE (mantissa, X/MAEF SAEEHE —REEH ). FEHEIREDX 355
B X (significand ), BRI T RFF—B, XEIPREHERERE P RX—ER
S FRER B

KRR TR TR T DL AWERs, Hh a3 (exponent ) 34 HkFETR 10
HILR T, TEE AT, $880E 11, B -AEITFrhIeuE — 10, $830T L FIE/NK
AN T BB

ATETHRIE, —BHEEIBIETEERE K TEET 1 ﬁﬁ/J\? 10, RETHES
HINE MR SR — 2.

4.9%10" =49%10'° =490x10° =0.49x10" = 0.049x 10"

2 EHEFXAPRE —MSEERE LN ZASEANBAREERRE TR R

( normalized ).

XHEFRU, ERELERER TR/, BHAGEREINEAR S IE A .
AR BEIR R E R R R

-5.8125x107
558,125,000 #4%, 10
—-5.8125%107"
RS
—0.000,000,058,125
HHE,

IEAL, WTNNEEET R, BT ESERIMNEA B PR, AR
77 mi#3X (floating-point notation )o EATF AR TR EUAR, FiLAE 2708
R NIRRT o HUBEATRRIT AU AR S B S BOR 2 BT K,
PRI FRATE S 2 1 el F 38R0 NI

SEERERERR L BB R, FET2EHE0h, AMNERGRINEE S 10 K
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T S REEHERRARRGES

FAHSCHE; e —atdseh, THEBNEIUE (IR MERIOTA, BRXE 2
Boa—FF) AAmET i 2 MR BEBCRAR. B, THELXA "#HHE:

101.1101
FIVARIR T 5 o+ 2

1x4+
Ox2+
Ix1+
1+2+
1+4+
0+-8+
1+16
FERBFNER TN 2 B HR RS, BT AR S

1x2% +
ox2'+
1x2%+
1x27'+
1x272 +
0x273 +

1x27*

2N BRKEETIN L THGERERREL 2, ERATRASS

1x4+
0x2+
Ix1+
1x0.5+
1x0.25+
0x0.125+
1x0.0625

XA, 101.1101 S5+33EE1% 5.8125 RS,
FEHERRE T ES, O ROEBREOZKTHSET 1+ B/NF 10; 250880,
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23 EAKHFAEK

fe SRR A, A RBER IZ K TERET 1 BT 10 (B2
2), EHit, fFETHHRORE Y, THXAEE:

101.1101
HRTAARZE
1.011101x22

XAMUER T — M E BRI RS8R, NI nEE R
A1, BRILINEARAAEE

BAKERS TR EA R TR PR s 800 Pl B ROFR A 2 FH IEEE ( Institute of
Electrical and Electronics Engineers, JE A<M T TR ) T 1985 FHlEM, ANSI
( American National Standards Institute, EF[EFRAFHET ) HIAF]ZsR#E. ANSVIEEE Std
754-1985 #AF IEEE —#H1iZ A3 RiZE bR (IEEE Standard for Binary Floating-Point
Arithmetic ) — B RH 18 I— AN T HMAER B RZIEFE T T, BH5EE TARBIE
TG R AR

TEEE 1% SAbRAER X T BIFSE AR R : L 4 DS Rom iRk R0, 8 A
WERIIEE R R o
WEHATE SR T W T RREAR R TR0 4 AT =0 | RIS
(O RFIEH, 1 REDH), 8 (MRS, RIS 23 BAHAENE. FREAH T ¥R
BRI RS TR, HR AR RGBT
[s=1 RS [e=sfdtll [f-23 sl |

=t 324z, WEUE 4 MFEW. BAMIARENDS, T ZHHRE T BUERRTE
R, EAEZERNMURABFEENE A1, EiE IBEE % #mfEd, X—Mi%h
SERAFEZEIR, FEZARE, (AP EASEN 23 A/ NSRSy, RSB AN 23 AL,
EBSRARENE 0 24 iz, FATEAE FHIRAA T k4 24 ORI A

8 MAEEER I BUEVEREE 0~ 255, BROglf% (biased) 158, BIWEER: WTH
FHS1E8, T HEEIBRATAREDIAMNERREE — ME—WERER (bias ),
NTEREER AN, RREER 127,
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T RE—REEHHARBEAERNES

a3 0 A1 255 FITHRERIOE M, RERRANE, MRERDETBER 1~254,
ML T—AMFEERE, FTLAR s (15542), e (F880) DR £ (AR Rk e:

(=1 x1.f %27
-1 B s REREE LR —HMIS9mM G %k, BREAGE: Wk s=0, WZEE
BRI CBRDAAET R 0 CREERR 1) IR s =1, MZBCR I ER-1 1 1 REFET-1 ),

FOERPHIAIERS 2 1./, HESGE: 1 WEER/ N, /ANUGRTERE 23 WA
B 1.f 52 WFARR, HAEEETHAERR 8 R RBTEEuEE 127,

AR, HEOWERINERE I REIN 2 BRI EBESN— N T
MRRE “07. XR—MISERIOESL, FEEATHATIRH .

* R e=0Hf=0, WiZByo, TEXMHERT, WHIE 32 ZEREN 0 UFRR
ZHD 0, HREFFSAATARE N 1, XMEFTURBENT 0o 11 0 ATLARIRE R
FEFE/NOR, XEEAR/NAE T AR R AU T I MissorREFR, HE
158/ NT 0o

* IR e=0Hf#0, MEBRGER, BEARMBLN. XEBOTULRT:

(-1’ x0.fx27'7

TR, A, MNIUENZEDRE 0,
® R e =255 H f=0, WZBHEMBBNITTKETT /DN, EBRTFHFSAL s FE.
* gt e =255 H f#0, MZAERREN AR, EHEEHESH NaN (nota
number Jo NaN FIRFARMMBERAEIRIFNE R

HOREEE SRR, FIRARR AR ILR/NE . 51 T ISR
1.000000000000000000000002 % 2126

NBURRTHIERE 23 D) 0o BOREIFSARUT, ATLAR RIS LR R LE |
IR

1.111111111111111111111112%x2"

TEEET, AL T 1.175494351x 1078 #13.402823466 x10° , X thit &
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23 EABFEAE T

FUR R R A B osTE

WHTATAR, 10 62 3R BRI LU SR 3 ok For, BE& R, R 10
ArERE 1, BPH7s3ER0 3FFh 3 H3EEIn 1023, Tr &S TH-- 36500 3 18R E K
9, B1999, T PF~N FHAER:

2% =10

Wi Z RIS R VRS . BURSREIE AU AU 24 M 3 BIBOA B 5 7
R HBAES . Ik, T DA SR Y S Rt 24 A TS R 7 A+t
IR . HBERIE SURA20E?

HBATEBE SN, BRI, 6, YENFRERE, KA
TR/ INEORE T DO BRI 5257 o (BRN T RAIF SR8, BRI S € T HEH
R TEEAE, BRRIZ REOTUSTRE LS5 1B /NGB, AR R HS B £
EBEAFIETT,

BAFRATREE il . BB OB 1727, B 116777216, BRE 2N,
HHEIERE SR 207

B, XEREARREEFARAT, 16,777,216 116,777,217 BFEREFE— NG
At AT XFAECZ BIRPT AR (B0, 16,777,216.5) iR A —1M 4,
FrUA H R BN 3 AN EEr e 32 A PR R A

4B800000h
RATI REBUEAF S AL, el AR RSy, WA

010010111 00000000000000000000000

1.00000000000000000000000, x 2**

TR ABOT RO R R R SR 16,777,218, B

1.00000000000000000000001,, x 2*
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T RS BEEHRREHRRAER

PAR—MZ SRR RN AR 3R, AR TR — M, thelgEARS,
BARIRABRITRERR, FARSETABOERAFET . £0 MR,
B BTN 262144.00 ZE50F1 262144.01 ZEo/E i EN IR AR AN
1.00000000000000000000000, x 2'®
R 2 A HEAFRLLE T, E5 RS AN J RS AE S8 —AN RN,
L FE AR, (RERTEREEE LA BERK/NEIE, RIEFHT 7 — RS
W, MIZERIRNERN 3.50 1, BHRTHERZESE, REIIRITTEER 3.499999999999
RN S B E T AT K4, TR —EXBRIMR T E,

MR BERFRERF AR S, BEARBERNSHNE MR, XA
LA R Al FHOURS BE 28 ( double-precision floating-point format ), iXFLHREEZE 8
PMEPRFER, BREHI N ERFR.

[s=1RfFShe | e=11 friEdkl | /=52 R |

PG SR BEREERE 1023, sk+7<3kHf) 3FFh, B PAZR A%
LT A

(=1 x1.fx2°71%%

REHRBROCT BREENE AR M 0, BF5R (V) I NaN oA WAt Il E) 45
TR R Ko

BUREREI7 ks 2 T T LAZ R B/ NE SRR S 800 «
1.0000000000000000000000000000000000000000000000000000, x 2~'°2
EE, NUSETA 524 0. RN, FAFRIGRIECN:
LTI T I I R bR i I I 111111 111111111111111, x 2!
HETREFoRRTERE, AT AL
2.2250738585072014x10°%~1.7976931348623158x10°

10 19 308 KEE—TMERE AR, £ 1 WEHERE 308 /> 0,
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B ESEHRAE T
FOEREIF AR E BB 53 4 (EEHRATIHIR—6), KBS T+
HIE 16 7, SHBEF ARAMLL, XELEF TRANBGET, BIRAEEE AN
B AR — SR TER. FI40, 140,737,488,355,328.00 Fil 140,737,488,355,328.01
RTS8 4HE BRI, BB R SR ARRA:

42E0000000000000h
Bl
1.0000000000000000000000000000000000000000000000000000, x 2*7

YK, NFRBH—MERNIAHAES R, XL RE T RE S8
R TAER—/NEBS . MBRARREMITESE, e it E—a i EN, NARER
HEBRATEREIN. B R, BREERNREE. FiElmE, A IiEx T B8z
B>, X T A BREE R UL ERF £/ N0 T BB, B, xR, Kia
B, XFERRER AR .

Blgn, #FRBNEPRER—SRBURMANAREAEM, N T REE AR
VUid, ToEA HISEORFIEN R h, R HIT NHNEEH

(1.1101x2°)+(1.0010x 2%)

PREEIA BT H 11101 F1 10010 #50, BFHANEE A E AN, B E0E
BEBHD AR IE T 8 AT T BN E . 3br EEATEMIOBEBINER
%2 11101000 11 10010, BEHEEERE

1.1111010% 2°

A TEEA TR 1 g KRR S HERRORE BS LA K EUR 110412, nRIBX N BRI &
EHOSRE? BHN, EHENMENEEAEZERK, REB/MIBNEREER
HEM,

PN B RE TR E BRSO R BRER, H HAC RS . 1
RPN, —RFENTERAE—RPIR.

FRBEE B — BRI E S IR BB B R BusE, B R
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T R REE RSN RER

T8 WA= MR B HTERX A AEE . s, 3R, BRXPORhE AR i
REBOEHERSLIL

Bilgn, =fRBHY sin BRETLGES P — RSB RO O .

3 5 7
X X

. x
sm(x)—x—§+§—7—!+---

B x WELBURIEE, 360° XRHGUETERIE 2n. L RHMBINS ZorhkizH
7, ERNESCRIEM 1| BRZE WRRT A BEUESE, Blan51=1x2x3x4x5 o XA
MIEzE, B—DINEEES hERFER ., HAMNHS b UEMBRAERE, ks
BifiER, JEHEEFHEAN. LRNEXP, it ARSIRFN T 2RAMNE
BERsY, XEWEUHES—ERE T L, AMPHEHRABRBI2ERE, 130
Hep, R E BB R FITE 0~w/2 FITEREIIN. ( AXATEREIRE T DAE S BT AT I 1E 5%
), FARARAEERTEVEE, FAKRLE 12 TS, USRI DS
T R EESR M 53 A,

SR, AR BRI AN TE AT bAoA, T S8 Kt 177
MRBGEFEX - FR TP OEE R, (AXIERRAMRBHE: BN
NAFFERTHEN RS T R8s Er, A2 A A BB LAER e, ¥ afloai
RPN TR RO ESR, HEEEERTREIES. EitREYURNE S,
AF NG THREALA B — B LR DR RS T s R

Bk b, BEE AL BRI A A WLSRA0 18 S RS S BN R . SR, SBrig
EREL BRI T WER L, EXMA AR T F A s F R T,
R LA RE A B SR R AR —2 0 16 (Vb Hes bt TaRIERIER R
H—NzyLas A S BesH A S TG H.

IBM A RHE 1954 47 7 IBM 704, ‘©2 B — SR A Bus Wy i Actry
IR, ZANRRIA 36 fiasBIRAFEF M. N HEABINE, H 36 fu#isr ik 27
NI, 8 RIMIFEEON | ALMRF S T RusBE R AR Rt A TInik . slik . 3eiE
FISRILIEST . AR RO B 6250 i R AR SR

1980 TR, IFRUSHRE A THAR FT T RIS, SR T R R YR A
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23 EREFEFESE -
8087 Fr I 4bFE ( Numeric Data Coprocessor ) 55y, 41X A0SR plo i BR A R8st
[E4LEEES ( math coprocessor ) BUIF SIEFHTT ( floating-point unit, FPU ), 8087 AHESET
TE, BHAES 8086 5 8088 (Intel IE AN 16 MIAMALERRS ) A —iR TIE, BIHFRIK
[igEE

8087 #17H 40 NMEM, THFKMRLIE S5 8086 Bk 8088 5T £AHIA . FACFRRSFIEE:
THIACERER A X e SAE . Y CPU A E] — & 455k 154 ESC (Escape ) F——1hA4k
BT RS s BIAEHIT T —&AL8RES, ZIESTRLR =M. BERIHE 68
IS HIUT—5% . ERATAIRRI SR R REAE IEEE Arfk, 7645, 8087 AR 1
/KT L o

FTLAE A RS S — /N B RS AL SR E HTF AUE S AR
B (HI20 FSQRT 454, BRI, thbisia AR T BT HB0E
ROM HET ACHHESHFH. IXEEP BRSNS (microcode ), HH, iXELHE4
R, B AR ARRERANE R, BRI, DRSS EEERE
ERRII SR, SRGTTEE, HEEEDRFER 105,

TEBAIRAK] IBM PC £4R L, f7F 8080 ;5 1451475 14 40 AN BIRUIEAE (L 8087
GHEN, BLAKENERE, XMHEEEN, A nRATERTE SBERMA IR
FIE R 8087 U, FFHIBA AR A BRME . LR RIS
NS THE, HAFLEN ARF—Ltt s AR — LR RN A us
Ho HAuS IR, HoaniFRAEREF, Wit a e Bk ReE, 18T
FiMbIER L E, IR TEE AR, BHAENEFERE T,

FWLAER], AT HFDCHRRR, 2T RS MRS A i S kRS
KEPREIRAS, BB DAL RS A RARERA, B e RABDTIX SRR RIS, TTTiX
B TR AR SEMTIAER, IS AREHCT AR TR
Fr (AR S BATFHRA LR ), FIXREE T— MG T AE AFA
BT E——RR S8 8087 U fre BERLHIL T iXHEREH: MRVIES LT
BetthibHss, BF MBS mESHENNN T AR ERIET; NREERE,
PP PR AR C T S BE

HEFERIJLERN, SR/RERM T 5 286 BL& TAEM 287 FFibsass, 5 386 BQ
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o RE—REE ERE TR

& TAER 387 B hALTERS . (H2, 1F 1989 &AM 486DX 5frHp, FPU B4
CPU LR, EAFEN MR ERLE T . S AKERNR, 7 1991 FLAH—
FARSC A 486SX R, BEF/RIFA AIZH NE FPU, 2365 T — BRI 487SX £
POACEE R B 1993 SR ARG T, CPU N FPU FRRECAFRE, thifFiXidk
ZERIFRAE . TE 1990 FE L7010 68040 U FrH, BEFEZPRIEK¥E FPU Semift CPU W, fritb.>
i, BEFEZHILAN T 68881 FI 68882 FI#MMEIERR Ky 68000 Fik FHARIMALITRS
PowerPC /i3 RIFERE T P B9F S B0 HAE A OE AR

% RBUEF AT R AT T PR BECEE R MR iy, (BAET 20 g
50 FHIHARRFEHEM TERS, XIRMEATEHN— M. TR, BIREZ
FRERE 2R F—uh: HEVLES,

. 380



S GO R ]
Kkihi =

RN ERS R SR N A SIZ RN, BHFEEEERN IS eY, B
FREERBE VI —B, XSRS HEB KM, WY, S8BT TR
FER AR, RVREERR BRI B R LAF— MR — A, ZJE s
SeHERS, BIEESH—AEAEN, BREGERERBIBNTS—IEE, RS
QT s X S AL AR A B — D ST IR T o

HEryE, F=OXNTAS 22 EHEMFEHRAMEBORE, RINELBUS T —Em#
&, EARAPE, BAE A G R BT R BIER AR R 22
W, TR T RS B R RRERE, IEFATTR AR AR AR A A SRS R
AL, VABGE AR AR 38 R A X AR o XM EAR T, B R REA I ZAR
P

I RES BT, AT AR e e B iC R R B L2 i =10, X EEBhic T
5 MOV, ADD, CALL, HLT %, it Xl idnE H’Jﬁ%&ﬂ]Tb@ﬂZﬁﬁﬂﬁ%lfﬁﬂﬁ%



R REEENRE G ENES

i, HE XA INE T IR E RIFE, X T LA — 2 el e A OCERROP #8451
Thig. Bl 8080 HIAFDF 1Y 46h, EMIHAER SALIERS A AEAE N 17 E I R 7 Y
BEF/ra8 B, MZMikZFFE0d HL i 16 AT ke sXMRIERT AR RS

MOV B, [HL]

B, ERCRESREREFELERNR SR RS L, ARSI R
LHTES . (ERTEMETTHRNIE L] T e HRSIIEHRER, HRA SR8
HERIERMEE R LIsfTICwER, 42T INHELE, ST LS gES B rnE
AR TR S S, FHEEI AR,

LR, B ERr it R 8 Se OB SR T AR, WRIRM 8080 THEALIE
f£151T CPM 1A%, T HERCEHA MG L& LR, BB Ad T, B THE
BATE AR TR

B, B ASCRNE, IEBILRIESEFMANENZSCE S, XTI T V]
DA CP/M R A2 ED.COM X 5Ef. ZFEF 22— AT LA RRBIEE , BRooA ¢4t
HIZREEES . B IRIEIZSUAR S 45 44 9 PROGRAMI.ASM, Hib ASM 2304368, A%

BHZ AN A R AL B S R AR. XN SEFRNEN T :

ORG 0100h
LXI DE, Text
MVI C,9
CALL 5
RET
Text: DB 'Hello!$'
END
IR ERZBUEININKE LT . 51502 ORG (origin), BAS{E
8080 FEAXIAT, JLINALR FASEIRHE T EEDIIHEAEM 0100h MALALTT 4. AIRTATIA, %

HuhtE CPM KRR R A7 RIR 4h it

B &AEME LXI (Load Extended Immediate ) $54, HINRERE— 16 fr80NE
BT A% DE, 7EAHBIR, 1% 16 (EUR bR Text 12451 ZFRCIERE R BIRAOMEE,
{7 DB ( Data Byte ) i5% 2 H. DB iEWH N EHEBE, HErDIRE &7,
XeeFHLLE S REE RS SHERR (Al ),

b 382



24 BHESSEGES

-

MVI (Move Immediate ) 1EREE 9 I F74% Co CALL 5 A9 CP/M ()
SRBOH I ThEE. sk S ERR: S RLA%A73RT DE 4 H il e dbsb =18, B
FLARISER (FTLAES, HERFNGERAERTETRS ‘8" FAXRNERIRS,
X ERRREE, 2 CP/M BLEREX AT R ). &IEM RET i RS RS,
HAEFHINESE S CPM (KPR b, XIRREER CPM RfFiJiikz— ). END B IR
RN 4075 5 XD AW

MAERANIEER T - MEE 7TMEUNXAS M, TP Bt E# TR,
B H AL sk #81E 5 A%, DARTXU CAE 2@ T L5emny, ERMARIIOPISETT
RIE CP/M %, ATLAFIT CPM rh—AN i ASM.COM R S Al I AR, ik
72 CP/M 1L 4075 (assembler ). FJLAZE CP/M A A4 TH A T HIRIE 4T ASM.COM
SO

ASM PROGRAMI1 .ASM

ASM X PROGRAMI1.ASM SCH#HTILSR, 74— %5 PROGRAM1.COM FIHTXC
#+, PROGRAM1.COM {5 T S5FA M4 BT F AR RN ASAD (355 L, Zad 8
FEER—PE, BEZREhIFAEE), WAERAIUERN CPM e 4TRIEAT
PROGRAMI1.COM X#, FRFEITHEARE R ~FRHE “Hello!” RGHH,

PROGRAMI1.COM XHABELLT 16 ANFy:

11 09 01 OE 09 CD 05 00 C9 48 65 6C 6C 6F 21 24

H4RK 3 AF TR LXI 54, EEMHANT TR MVI 84, B TFXP=EAF TR
CALL 5%, BEMEEH— T2 RET 54, &GN 7 MFT1 & ASCIL Y, U5 4
FH “Hello”, BN= “1” DIEETLHS “.

% ASM.COM X FFRTL rai A2 PTIury TAF 2 39— ML 418 5 XA source-code,
W E IR S ), B HEFARAT B — DS I SCH—— A3 T (executable
file )o MZAI KA, IL4MAEEF TR, KoAMAITgiE S BN Mg 2
2 X R L 4mastia- Sk QIR A AT REBCH M S MR, BERMEBILS
WERY, L ATESACBNORAISE, ARG IEX R/ N AT/ S R
WRILEL, Wil XFILERNEE, B MBI S N ALEsES .
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T GE—REETENEEAEENES
o R

R, LR Ml LXI 5% 0% % 17 %% DE FOER E Mk 0109h ( Text 1l
HE Do NS LXT H54 A SR FEAE ML 0100h &b ( CPM KR FF INEE N AE FF 4B TI Y
Fahttbat ), 7 0109h N2 Text FRFEBHIR A, —BORYL, BF AEERILHHENS
MEFHFE 24, Hp— S RATEI LRI & 355 7E N AFH A2 O o

FE-NMRELRF[OAFTEFT INEFLH. GRBEIVRE - DHL RS (K
FEXHBHO, WALMERCHESHREZEF, AatEARANTHINELHE. —H
FOIC st 704, WeEhsir b 8 S# TR,

FU MRS, MEENHESHNIL RS, A1, FRIC&ESTLL
EEEWNHBEINLEES, HARARILE[MHATILE. IHFXBRIXZXILRE
( cross-assembler ), BEF|HtHEAL A KL RSN B/ TETENL B FREFIT 4.

BRI GRARHISINTHER TIL4E = RN EE RS (AIFECHESs ), =
L4 S ARFAERNEENE. BN (RFFRELTRET), ERLEES
RARFZR, EAXRARMGES SR ERNRE, BATAEEE— AN,

148 = RS —ANMEUR AR “F#” (portable )o IMRARJY Intel 8080 5 1 —4
LB S 127, WNZAEF ANAETE Motorola 6800 |iz4T, #RAZITE 6800 L 85— MHIEILH
RINILREE R . AEXUBFNEBRIWIFRARSE - MEFBLEM, HHrH
LR TREFFIASREERE, BUREARS TIFEM.

LA R T A B R R AT s BRSSO, AATA, XESN
HATH R TRROEF, BHARSARIFEE. —MEHFNGTRR: TRBFARLT
RENEARERYSHES, XBHESCSAHESMHC, HMSSRFR= B, &
IR AR 2R RS AR R R RN AR, TR P&
BB

Ax Sin(2xPl+ B)/C
FRPr 4, B, CREEE, ifi P1=3.14159,

XEREANE, T2 T2 TR? RREREN AP AP RE
R, MLEATTUSERE S —NLGRE SR REBOZ A, FERE bR

& 384



REAR AL,

MRAFBEUHE—KZRERX, BLATUTF LHEEEBHHESERTR. MREE
5 4. B, CBARMASKItEZRAN, MRS SRR e sax it
o Fit, RERERASIOEHE, LI ERARRED, XEEDfRE
ARE#TER,

WAEMRFT OB C S & FTBR S &IZEF % 111ES (high-level programming
language ). A T—EHAN BRI GE S HBIKLIES (low-level programming language ),
HAe SRR R RAR Y BE . S8R 7 L4E S DN H R R thE S #0]
DARRA “ESRET, HEMZRERAREZ SN, —EiESBEHAALIINES
=& MRFE—FAAMER, AEHENITMAX LGS (WA aegEERN: O
KEMEAMES ), “UHEBAREFRBERFRE, AREERE, RTHIH 2000 1%
E/MER”, RETERNA RIER—MIEESRES! BEESGRTEY, BF&ihE
B A A X FERE K

AKESBEBREN T TEERRNERER ., BREEUSLAME ST 4T
RE, BRE—E A TiEE it 58 (Esperanto), At BEHB SHSHESHIMIE. HE
FRFRIHE S RETRBRENOHY, EISES. RItEFHE S
e — AP BRE . IfiLiES ERR S . BAETEX T AT EUE R84 1
AR, AAEESANGRA B AN DTE S 4208, 18 1993 E0—TUEE, M 1950
5] 1993 FRAA 1000 LA RIEF R THE S HOR I H K H R

SR, UEX (define) HIBEE, WHEEIGEFT B (syntax ) KR KX IZIES
AR —UEY, BraitE; BIIEEENERE — 4% (compiler), ¥
a5 1 U 208 E R B RSB I 1S . RIICRERRM, Mt R T &Y
MRS S H AR IR . RS TR, HABLE REILEESFEME 4.
MBS TTHRE, THhasHNEe, HATSGE eSS — R, fi—
RS FIE T HARZXMN R, 4Fstl s VIR - &iE 0 HRL MBS,
IESRNRSIERE R, HLHEHREALMNEEE R A S 4IRS,

YK, TAEMEERAMENER, SEES WA, CARSRBEBEER
L. ARESEREANMAETERILSES S T IHAEABRERF, HiE
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T BE_RELHEIMEHERNES

!

Pl 5 S R PR H E IR R —S L 4E S A, &b Sl E MO T E R
ALEEs, ve il B REMBENE. PRI S, fERSSaE=Er Ar
BRERORZSTEFNTEYINRES S, SR, MREAAFLMLARERS Lig
TTRRFF, R AL RS N Mg s R AR P B O U O LR R . L, R 2RI
FIRITSATSR s T e AL S |

F—E, A—MEREIER . —MIBRILGERF RAR SN L RRasi =4
RORAEMARCR, MRl , Mgl =B AR TR T R FF AR Thae R 4iiE
SRFER, HRTHEER (HEMIFNRERE, SMEJNCLEEAEHE, B
JHALEERR R NS AL, o B gnFastE U AT o B s ).

esh, BAEPESTRE ARSI AN, BRI EEGERK, MRS
REM— A EhREER AT OB T 408 5 5530, NSRS WL S SR A RS O ThRE
RS SGE S DA, ATl e S IUMAL B RE /. SHsE b, aRIEM
RS BB PTREAEYE , B2 TR NGB R A IR RS O A TRk

Bilgn, WEHAHRREARAES, WATATR, XSRS RINSh T iNE
—fAR AR HELLE, JLPRAB—MSEES QX MRE. WRERRF
PR R TR RAE, MLATUE SR 2 Bk 2 SRARBLZE R GXHFARM 2005, HaL
., ARG R IS B AR IOAS AL 38 & SR SR ASKER A 2 (R Do BRI Z S,
WE AL WA BB RIER .

FER AR AT R, KEST N ARFEHEATMES S, TBER T —kF
IR SN, LGRS ELRDERT . SRS S I T — B aEf-, AL
THRKEBAR—FIN G5 T MBI T— X E LB 5 LN EMERE
ARG, SN, SRR MR, BREERRFHGESSRE S K
5o MRHFENRERMIFERBIEN A ERNAG, T XMES: BFRAE
R T4 B THE/ NF R N B ORE T

IS v B S EFE A S AR A8, EANRE—ANRIEA LT
EMI4RIERS 2 A-0, BN UNIVAC HEM4mES, T 1952 FhEHHELEAE]
( Remington-Rand ) & HaHT - #8355 - 838 ( Grace Murray Hopper, 1906-1992 ) H & 5¢ A%
EE TR EA 5 TIEGST 1944 45, HSH dh 1 FE4RE - i (Howard

s, 386
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Aiken ), FEHFF Mark [ . R\ S HIEHE, TRRBCAEHAETENR TIE, X4
it #b7F DEC ( Digital Equipment Corporation ) 2\ T]MEEAXE S,

FORTRAN & & & B a7 i B Z 08 5 (RGBT AT T
KEBH ). RATREEERT, REVTEIBESHLEUKRBEFTEGEN, XEEANENN
T RER R LA E 4. FORTRAN XA ZFXIRT FORmula IRT =AM
EEF1 TRANslation fIRTIUANEBIAE, B IBM ££ 20 42 50 FARPWIF &, T8N
T 704 25BN, BEEHRILTER, FORTRAN —BE# A2 B0 TN Fife
FHFENEEES. ) 2R AEE, EEXRIFFERIBINEE (BRI E
—BEEPFRI A SO B B 2 2 )o

AT — R EAURR 3t E = 28 A AR B it vr s, MEATEE AN HECER
MBS ARG, ABREU—MENOSERITCEMES, XBEENT —MESIER
JRAY, I3 R AR T LB 28R E A AR B . FRAIMOERER ALGOL (H]
ALGOrithmic N4 5, A2, ALGOL th il —RrEERN T ). ALGOL fF
itk 40 FERFLE AT - NIEHREESNEERM, hiEwESAXMRSR
RFRINE SRR, ZESTEME —RMT, EMERKELEK T S8 XA
e BHEISK, AMWHRESH “2 ALGOL” EFEINES IS,

ALGOL &= Bk X EFRZE FEAE 1957 & 1958 FA#t, B#i ALGOL 58,
WIEESS, tEhEAE 1960 4, ALGOL 58 fIiithik ALGOL 60 HtH, HigZ A Z ALGOL
68, AEEFTEFMIRRATE Revised Report on the Algorithmic Language ALGOL 60 iRASCAY
g BAR, BEOT 1962 58 HAE 1963 FEHR KT,

ERINHABREE 1 ALGOL By, BKENERNBEEREELEE CPM B
MS-DOS, FHHZ%E T 4% ALGOL.COM HIgiies, BT E—ANXA:, &4
H FIRST.ALG, &, X#-EHELRE ALG,

ALGOL F2FUA begin 7F4R, DA end fENEE, BFNIEN B RIEEXHMED
ZIEl, THRFRER AR BR—FT30K,

begin
print ('This is my fist ALGOL program!'};
ende
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i

B SITIEST ALGOL 4% 553} FIRST.ALG X#4ATHE, HBRLaT:

ALGOL FIRST.ALG

ALGOL #iFaanfiX &y SR AT R X AL, 78 ok FAHUMRTE B

Line 3: Unrecognized keyword 'ende'.

ALGOL Hi¥F2sn B 5 EIEE/“H, BEX—a hbERIEBITEE, EX
MNEFE, =% “end” S “ende”, FTUAGmIRssl iR ~E BERENBEFHEiE
EER (syntax error ). 4ZRiEsSER “ende” N, BEHIFFELBE —ANRBIMg T
(keyword), HEIT FREER, 4iiFAREHE,

BEFHNERBIEZE, AR BITRF®S . BT RAF S M4 iFSRARr
AE, ARGESSEBER - TBITXH (CPM & TN FIRST.COM,
MS-DOS ¥ & T %0 FIRSTEXE ); ENEREBRIT—MEBA W LATR . S EHH
B, sEURE LA a4 1THIT FIRST 327 :

FIRST

FIRST BFF&XHULmas, JHE R TRE:

This is my fist ALGOL program!

FE, XEFAA - BEER. first B fist! FFRSEAREHIANER, Wit
IR NIaI TR 5% (run-time error ) — RS TR A IR HOEE R,

REAE, BB ALGOL #frH, print BAUMTHAE R —Lbfs B RoRE B E
b, fEARFHRR B -1T3OK (MNIDIREAEERE, S r SASZHHRATA KT S5
BFRSEN ). ALGOL & 5 FIE ML H A4 print 12348), HIEAHRLATEE AR
FE ALGOL #i¥ss B MEFRM TR, EANE P& (built-in function ).
BT begin A end 2 SNHIKFRST ALGOL BAUEE AN S LR VKA REFEE 1 print 154
B T A%, ZHFARVER, EERREAN MRS B INmEw .

BREAERRE - THTRIEHERNESF. S—fEFOHEEHBEER
(variable ) HILE, BREFHRERIILUE—AFEE, —~DNENFEFS, AR 8
W, ARFHAECHRE. TRAKR EXMNRFH MR, BT REY 4
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a Attt satialesl

FEXRAFEZFBE TR, TMAREEERAER ol TENEFEX T =%
B, pil&&Na, b, c

begin
real a, b, c;
535.43;
289.771;
a x by
print ('The product of', a, ' and ', b, ' is ', c);
end

a :
b
c

real IEAUFRAAFH (declaration ) 510, FINARIRRFFHEENWER, AR,
TR a, b, ¢ BEXNFTH (real ) HAIFIF SLEEA (I, ALGOL &S 3 HrfE
integer XA T HKEEEUETR ), BFihEshNERAEEUFZITL, TRAH
PR, BRREE - NTFHUAETE. TREIEEASHE, BARaaR
FRAIEF SN RIS 717 @R FHRMETRANRAKE, AEREK
TR-AUBNF 4.

BAnFA M R4 2 ALGOL 418573 IEEE 77 5 8ubniE, WARFHRrEX =
AEEE—IFE 4 M FUHNEESR (RAREERN) & 8 M TEMSSR (R
FIREEAR R )o

FIREANZER=ME0 2 (assignment) 1], 7 ALGOL iEZH, WEIEH)
eGSR, NAEEAREE, SREESHEERE -NMES (TERSHBITEN
BEW, BEBDERHLESS ). BEBINESEIR—NEE, EE5ALR—
ARER, REXFHREREERESR LZNNTRE, IRAREEDREH, L8 a0, b
B BB T — M ERE; BRREETET, ¥ o b MRHRES TR ¢

RZESH, BIFEERRIERFS <" BEEARFHIERFEHESH T, BY
BIWAM A ASCH 1 EBDCIC FREH ., KZHEFRINESHAES (*) XREBRK
ARSI, A% ALGOL M T HmE FIAHL (/) fERizsrd, B
TEZE S TR AT AR ABREARD (=), Ebmd T EBEGRE, FREHBREE BRI
MR, ALGOL R T B—MEASCH #/F “17, EFTATFS FAXRMER e E.

BJai print AR ERAATENE. ©RESORMER, JFLAES5 R, print
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o R —REE R RN

B EE T ARTRE R ASCH BBEK, BARFEHI T E2H0I/E: BEA
Btk 7 ASCI i3 B

The product of 535.43 and 289.771 is 155152.08653
BB SINIT end 4, BFKIETPREHBEERIRIER R

WERERE SIS EAETE, WFHEMA T LE: B8R, WEERNE, Tk
FHEITREF, X2 I, Jy rEX s TIE, FATLIE
BT 53— AR EL read, BHSURHIREFWT

begin
real a, b, c;
print ('Enter the first number: ');
read (a);

print ('Enter the second number: ');

read (b);

c = a x b;

print ('The product of ', a, ' and ', b, ' is ', ¢);
end

read IBA)M DA R BEEUAE AN ASCH B fE, ¥ HEH BT S

P (loop ) REERiE S MHEEHMIRS « MIAFEEFRERF ] IR — R AARIE
BEREPITHARRE, BERIMTES -BRRFRXIE 3, 5, 7, 9 RENFS, AL
XRERERET

begin

real a, b;

for a := 3, 5, 7, 9 do
begin
b :=a x a x a;
print ('The cube of ', a, ' is ', b):
end
end

for B ER a FEE RN 3, RERIT do XEFREIED. R do JoH
BPTREDAL—& (Af]), WLFEENTET begin M end Z[A], XF KRBT
EX T —MERB (block )o F—KEMZG, for BRR—KA a BE 5, 7, 9 FHIIT

A 390
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AR E R,

THEERFHRMT for BEMA—MEMNAR, XBREFAXREHE 3~99 2R
BEIILTT

begin
real a, b;
for a := 3 step 2 until 99 do
begin
b (= a x a x a;
print ('The cube of ', a, ' is ', b);
end
end

for IBARAAR a MIIHLN 3, FHPAT for FTHIREIH, -~ RI\EHERG, ERa
5 step BT IAEAVIGRAR, XER 2, FEIIM a AR S, BRATE RPITE
ke AR a SKENIMN 2 FERIT T —RAER, BB o KB 99, XM for TEHMEEH.

—fEIME, BFEThES MBIREA S {EE RN ER, /£ ALGOL 60 H, R
7 for g, HIBEPARE: for WETRAR ML, MIOE XSS
%, B for fOSSTH AT LABRAT A 2K BUM B0, U@ “for example”, “for can” . RAT4
FERAER E R, BEMEMRNEES EARAE ARNESHRGE.

FEBSFEFIRHE SR — N E B ILANAE 54 (conditional ) BRI &4
BHNRERE, A UYEN SN A S RIT B RN E . £ T EETH,
FA 1M ALGOL [N AR 2L sqrt RIHEL 807 5. sqrt lRBINS A RER 105K,
B e 2 A AR v 2 I e S g Do

begin
real a, b;

print ('Enter a number: ');
read (a);
if a < 0 then

print ('Sorry, the number was negative.');
else

begin
b = sqgrt(a);
print ('The square root of ', a, ' is '
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end
end

ERAES (<) BT S, mRBEFHERFRANZE /N 0 598, it 9PN
HERERNE, FIEE—A print BB SBIIT. K2, WREHATHFT 0, Welse
K7 IE S RN ST

AZHBFTABNZEHE - NERENN—ME, HFITAIUA—AZERNEZA
8, A (array) BLE—MREFO%ER, 7E ALGOL FRF ] DX AR IH— /N

real array a[l:100];

BAEREX — " EEEE o, BRLAFRER 100 NAFTIF AL, X ERmpRis
Htk, TUAMERABAZIERSHARESIBRATTE, Flu, F—IBETERE o1,
BANE a[2], BE—1R a[100], FIESHHEFERMEIA T4 (index )

THRFRXRUE 1~ 100 FrEREEIR, BERBEAE—NEAS, RiEHHE
MBI AR B oRHR, REST .

begin
real array a(l1:100];
integer i;
for i := 1 step 1 until 100 do
ali] := sqrt(i):

for i := 1 step 1 until 100 do
print ('The square root of ', i, ' is ', afil);
end
BEFPREXT —ANBETER i ( HTERE integer N E T, SRR GIUAMER
TR ) B for MHPPATERES, BMRATEERENHE PR, B2
A for TEIAPATHRER, HHPNE—MTRBEE ~HE,

TRIVEMERS, & TERNCEN B SERIMER > b, BRUA T PARE IR
fi/REY (Boolean, EELMEAN T L% 10 FHREIMTTE - /R ) A/REEMBUERRA]
BEEBIF, B true F0 false. fEATIIRFHANH—DHEH/REANBIF (XA
BB BRI NE ), RER—FREENE LB —FhEEaiim ik
( Sieve of Eratosthenes ), ZHIFC# ( 423TTHT 276-196 4 ) 32 H I KB AMERE

b 392
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G, AP AR TR R AR ks

EHE R | REAR GBI —BRE, B DEEE 2 (hEM—NEEEL),
B ESGLaEE 3, 5, 7, 11, 13, 17, 4%,

BRFCETT AN 2 TG EEITIG, By 2 REE, EFrA TR 2 B
PR RE (BIRR T 2 ZIMNROEEBRE). B TR 3, By 3 BREL, HvFrfnes:
3 BERIBh R DY 4 NP RPELSHIR, Bl F—MNEE EE
5, BNHEERATA 5 HEEL HoXMTXARER, ®IEH TSR R

TTHEK ALGOL 25 F R 1k 2 ~ 10,000 Z AT &L, BEFEX T —MERE
H, RARNFTAEREHITARR. ZREFWT:
begin

Boolean array a[2:10000];
integer i, j:

for i := 2 step 1 until 10000 do
afi] := true;
for i := 2 step 1 until 100 do
if af{i] then
for j := 2 step 1 until 10000 + i do
ali x j] := false;
for i := 2 step 1 until 10000 do

if a[i] then
print (i);

end

SE—A for TEINEEA a WE—NICRNRAE L E N /RME true, X true TR
B BENBERY, HEMARFRATAREERE R, A for EHFITEHEE 1~
100 ( 100 WIZF &2 10000 fRSEF5AR )o FEEE A for JEIRT, BRI EAL, B AE
¥, B alilJ9 true, MEE=A for JEIN S ZEEIFTE/NTEET 10000 HIE5 (BT
ﬁﬁ%)&ﬁ%&m,@%ﬁgﬁﬂxﬁiﬁo%Emﬁnﬁﬁmxmm%ﬁmiﬁ,ﬁ
Byl atht: 3 alil) rue, Wi HERE

- B R - TIREER - TTEARRE? JNFHE— A&, —EAREE
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WA FCANR: —F5TH, RETIERER RS > T iHE LR ( Computer Science )
WE; H—AH, RXTLLaENEE - W80 (Donald Knuth ) #2# (tHHEIGEZAR
#5Y (The Art of Computer Programming series ) 45 1E, SRR FFRHERE - 42
(Richard Feynman) BiXFFEiE: “MIEMER FETRVREGE R TE, B TIE
BE = R — oS L ST HAth B4

R R TR — MRS RiE 100 DAKGSHBRBES, RS
100 MARFIRIARBRIT o BSLATARORER DIEROEA “BHFTEMIRiL" RPN AR,
HERISHRFUA—E SR SR TN, IREBEF &R -T2, &
LA ROZH BN Z MR, ARG ER2IFERHE. AR, —MREFRIE
AR R BIE MR KA S AR IS 11, KR AT BRI “2R”,
B2, BFRIE SRS RIS, SGEE— R R,

o E D

BRSOt AR A IR EOR R s, TR S BRI F iR M 2 Kk TR
Jili, i bEFE M FORTRAN B ALGOL HREA R kiR MR R % A U A&
FUBRE i i 5 K RENHREN, BN2AW, AMI—EES T A —EehELR
LB AR EHRE S

BRI S R G AR F &ES 2 COBOL ( COmmon Business
Oriented Language ), S RE{HARYS ZH#H. COBOL T 1959 T4k, mhscE T
RAEBG AT RS LRI LI, TNt B2 I - ERRMEmERne
M, MEFLETTHRE, COBOL R ttiigds XM B, FEMAR—7mlaetR#tT
KFRIgRED T /E——BAh 1= DRI DAE AR RS, T B AR AR Fr R 4 ST iU TE A7
( 3Fr L MESAER D)o

COBOL &5 12X B3R (record ) FAERIRE (report )o IDRELMG—T7
RIAEBHOERNES. Bla, REAF B4 - MaEEENEREER
FIREI A, B TR ZHRA—FRMIER, B-RICRARBE NS, B4
HI%ER B, R4 5 COBOL #F, KERE N TAEEIFETE IBM TR LiY 80
WRMAEEN. T REBRDILFEAS AR K2R, FOEERR 2 ffA 4 2,
BEER RIFHERS, XM RIBMERR B R K, SASBAE 2000 FHILTELAW “T
AE B )" ( millennium bug ).

b 394
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7F 20 40 60 SEARFE, H RS System/360 B H %, IBM [FINF & TREFE
HES PL/ 1 ( 1 R SR 1, Eit PL/ 1 & X 42 : Programming Language Number
One ). PL/ I MO IHE{ EEEME @A ALGOL fUBRE5H, FORTRAN 15 R ET)
fELA M COBOL AbFRC RFNIRRIAE ST, HiZ1E = Hiik A 5 5] FORTRAN FlI COBOL B
FEP RO AR

E 4k FORTRAN, ALGOL, COBOL AN PL/ 1 BRI LAR AR FHEML, Eefixt
F/NH BB RE BASIC 155 AR 4K,

BASIC ( Beginner’s All-purpose Symbolic Instruction Code ) HIix#>F i ( Dartmouth )
FEBFRHLE - TEJE (John Kemeny ) FIFELLHT - 7a4%% ( Thomas Kurtz ) 7E 1964
IR, ZESBHRERER SN RAEMIRTIN. RRF RN FEAETHERA
TRE, EHAG AR ZOT AR R ROEFEE KR T, A1E M A
Rt FHEALORRT, TE8F G HEMA 2 BASIC i5fR5TA4RtE . BASIC ©EHHTM
Bz ARBHZBOERFE PR F. HRARTHRIEDERZGS, W SAVE (¥
BASIC F2fr 77 E#4E ), LIST GEIUF BT ) LAK RUN (48FFHE{THFF ). BASIC
FHHOEE— R E— MR XN :

10 LET X = (7 + 8) / 3
20 PRINT X
30 END

5 ALGOL #EZ AR, BASIC AEREF EELENFHERN, RE—1EEE
RAF BRI SR ATFERF R, KO BERAES R AT S50 U

fR% BASIC RfE SR AR ENEAERAY (interpreter ) TIASE4R1FRY ( compiler ). IHTFT
W, GERSEUR S HA R — AN FTRATSCHE; TR SR ARG B BATI T L, A
SPEAR . RS RRNEERER R 2, AR ERSGRE, BEHETEFN
BEEEHEER, BASIC iE 5 MATR A EAUORRIEME, 1975 45, H/R -#R (Bl
Gates, 4T 1955 4 ) FIEFKIFEZ - X4 (Paul Allen, AT 1953 ££) Jy Altair 8800 %4
5T BASIC f@BE3%, X4 RAR S BASIC 7ok AT AT T, [F]— S A 1008 Tk

/A7) (Microsoft Corporation ).

Pascal RFF i THE S 4R T ALGOL MR 654, RRA4A T COBOL Myl ®4b
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HIEE, B IFEA R EEER RN - KB (Niklaus Wirth, 4T 1934 ) ££ 20
4 60 FERAKIF L 5EM. IBM PC [IFEFF SIf Pascal IEH &bk, M ZXD Pascal fRA
HIE A ZEUE Turbo Pascal, 1983 5, % 2£4\%] (Borland International ) & #7 T Turbo
Pascal, 4RTHIEME 49.95 555T, Turbo Pascal F—ZMZ &R - M/RETOME ( Anders
Hejlsberg, Z£T 1960 4E ) FFEARZEAT &, UG T 5CBI LI L 3F1H (integrated
development environment ), F£FF RIS ARG SR AR TR RAT &, XHRTE T EFN
WRRFNLEAT, KARMIR TREFF R it LT = AT AR TH 5L, Turbo
Pascal 323, 1 76/NRUTHEATL FIOZREE

Pascal X Ada FUBEMItAER Ko Ada RAKEEGIIT LN AW —MES , BUARY
i - 303K - FEE (Augusta Ada Byron ) #5%, 7558 18 ERER A, BEWE -0k - F
S REERET - BIZ LR BRI RE

BTRHME C, —MXZEFNEFEINES . CEBE TR DURRIEIE=EN
JEMr - M - BL# (Dennis M.Ritchie ) JF R, M 1969 FEITERETHHT 1973 IR FE M
MTEEN LA C KL ZE SRS, ERAIRER, v MEHNERFK
&S B HU/544% . B &2 BCPL ( Basic CPL ) I EHI— PG RIS, 1 BCPL kIR T CPL

( Combined Programming Language )o

g 22 TRTAR, UNIX BIE RGN R o B RE 1 M, SR
LDRERGHERE T HMERERN, HHEMTHESHS, X LA ITBEET S,
1973 ££, UNIX XMl C BSHRE (EAEMLY, MZRES) kI, MIIS UNIX #
ERGM CIESMEHEERS T .

C BE—MUSIEBBIERIES . #ldn, ALGOL F1 Pascal {fi <% begin 1 end 3£
RERFED, Tl C WXFEANREE - ARES <7 B, TESH-MIT, 2F
B NMEEN—EEMM, thin:

i=1 4+ 5;

£ CEFD, Ry FEEIRSEN:

i += 5;

AR AFEIEE RN 1 (BIEE ), NWZEE T DS E AT mix A
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i++;
£ 16 frEk 32 UAALEEERH, i++X AR T E— AR S Bl LA T,

TEASHRIEE YL, BEERES AR BRIERRM A/ REHERE, i
DA E T RFXRBRAE, CIBSHTHE T iXMER, Bl 2 R s, itk 4,
CIES A —EEREEN-T18% (pointer ) B3 HF, FESTH AR FALIRION AL
C BETMRLSBRESEANESROESIEEMAMU, Hit ¢ RIS RITLHRES
( high-level assembly language ), 535 ALGOL iE= ML, C RUBRIEE SRR S
SErEEEE, RFHEELE.

BR, FrAi2% ALGOL 5 — MRS HE IRFEIHE T —HEM a2 R
T8 - RS U EIUARKN . Boit—FaES - KRB AR RANBEFIHESHIESHE,
W AR HAdE FXCORE = WS NEAE, LISP (List Processing ) B—F3FiD - &Sk
AEFRINES, BFENAT ATERRSUE, H4% - K% (John McCarthy ) 7E 20
H4E 50 FARKIAF K52 APL ( A Programming Language ) 25 —M4HiES, 5
LISP SEAH, ‘ERIFSTET 20 40 50 R, B /el - 34k (Kenneth Iverson )
JF%. APL WORsBRZACET, BERA—MERNFSE, FIAERRRFSLL Rt
AN B B FE SRR

2 ALGOL B E —HARFES S IEEEIAL, Wi B Fk, WEKIESHF L
ST T S, SEEFAREF&ITHES (object-oriented language ) HI7%4:,, HEFXT
RS L ENAAERCRER G, BARSAET & (LERE -5 ) MR
ER %
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;__..P...u.._. O

\\A_, e 7.

B Elﬂ%ﬂ:%n’*ﬁ

T (AT (life) Z2ERBETI S, 1945 429 F 10 HiX— R EGAE—FE,
BREZAVUNEOXEMR . B R R EEROMHICEE; ik SRR Lh
K - E£HrEE (Vaslav Nijinsky ) 7EAEHAAATET SRR FRUSREHETANE R
¥, HEN, EX—IRERERLAIFIENNE: NER/R - fift ( Vannevar Bush
1890-1974 ) KR T —RERTARFREAEBR BT, 7 - Attt (AITEIHRTFAD)
(R B 5 DT T ELALDD SR AR T R RO B2
44r8% ( The Differential Analyzer ) ——1927 ~ 1931 4,
M - AR TR (LUTEMCS MIT) TREZBESHRET 17X MR,
XEXEALE P RBONE, it 1945 F, AR ERERA 2R EH R KT K
43 ( Office of Scientific Research and Development, OSRD) 1T, fisisEEiR#HF
WS, Ehpiahs 783tk (Manhattan Project)o

= ek EL i LS - )

7 - 8 2B ARTE CRPGEE A I The Atlantic Monthly ) + R RM—RXE,
W RGEHRET, BEFARAE (AE) £E L, FRXREERENAN (BHPR) (45
We May Think ), CHR T —FhARAOEY, iXBUk AR AR BRI AR ST A B R
FAMIALEE H 2538 L IOBRIATI K SCE . A -t vl UUM g A (R ook 77 %€, R
fbAAR T — M g7 4s (Memex, NZI1RICY BT ) MU, ERILAYHEE.
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NE., FEMERFETRE . Zrlitdfrandd —BHREERIIEE, At e AL
FRPEFEA AT A B EM Z [, X SRR ANRUE B IA SR B4R,
AR R AE TR E — P RPOLER A, AT TAERLRAE E A0 E Bk RIS
FIHERISCHK

£ 20 HAMARNER, VEAEERROXEREN AL, H (B4EZFR) XEXREA
FHEER . BRI AR TUABRRIEANEMK FT RS, WARKTRREETT
AR AR, XDEREEAREE (Information ), B ELE i FIH]
PRI ERE B

BB, WE—ERSTHESHIEIBA N, 65 FdET, WREIFARE
KN, AL RERORER, R BRI . X —HE BRI TR IR G R
Po HURHNHRERRER, TUEHAF—G; SrtEIURRE, ATk,
B sRE RIEFERMMEA, TIALESEL T URH BB 2 1 T AE,

L5 A T H R HEFAKERE ), Bebf I —Fhs 2 A sGET ENLR g
MR, AT R (User Interface ) —— &I ABEANA BAVHH Lo
ASHFEHRMFT AR “EWAE", AMEEARZ ARG Ed, 55
W ENER A KR, AR AN TR LGER T BN A 5

EHEIEREY, 2 EX MRS REENERE X . AR 24 Fi
RPN, H—Mo AERRRITAAHER . B T 20 tH4E 50 B 60 4R (FLE
AN JgixX— B [E] AT LAUESER] 70 4EAK), tHEVLIE 2T LA I#EALTE ( batch processing )
BATHRIE : BFHEEER 5" A FLE, RE—RERAEENNG. XET
fesezla, HHRBEFXNBIRHETON, FHEE, REBERITHESR L.

ENZ BT EYUE HE R EAAT FYL. BBz 8T E ke B2k R 5 i
(Dartmouth ) B3 #AERS (JREUEILT 20 tHE 60 FREW ), XFMAFLFRL A HE
ITHREN LE, MEEARM, AN, HAETTHLERAN—1T, HEY2H
PIdH —1TE AT, W%, TN BN AE BT —B ASCH /5 (A
HERHALFRIE ) RITHM, 1XLE ASCH BYAZE PRI AR, MR FEGEE,
BATE— RO R T 4b0 . FEEVIERINIETT, AN RS S E T EN R NER:
.8 21137 38
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T A REEH BN REES

Bt ET£3F ( cathode-ray tube, CRT, iXj& 20 tH40 70 FRFAL AT WA ) HASZ
X PG, RARERIMAR N FREE S EMRE T E-—XLAES LR R 450
BE¥YE. BRITRERIFBERZL EHIEE -, R/ NUTHEA
EHIEEME CRT B85 “HEPFRAEIT T — AN ESHE T T
R, SBFRFPHERIRYS, FERUESR, BRI A SR FBR. BR T CPM (5
SEFHURIER S ) WIOFTE LR 24N, KER5 MS-DOS T T EBH-#R XM
AT FREAS T AU TAE T SORME U B s as . B R AR ST FALXAh TAER
BrBERAARS, B0F UNIX ZTHERBNEMBIERG Y —, b —HREE
xR EHRTE.

AT, ASCH WF ARG AT EE T RS AE R TR K. ARk ASCl
gt , 4855 1Bh AR Escape, BREEEM BB FRAERAITY 7. £ 1979 1,
EFEEZ M2 ( American National Standards Institute, ANSI) &7 7 —I& N “ASCII
Fa{ IR indss i) ( Additional Controls for Use with American National Standard Code for
Information Interchange Y WIFRHE . ZAMEEWMINRREN T "GN 47 /F-REE &
N e e B RRARSCRE R, Hrh A AERAR S £ B RIS T ENAL [R]i¥ 38 B £ig- -7

H 57 Escape fI4RH5% 1Bh Rt IB—4FT, HEMSXZME R, Escape WR{EH—
BFFIETR TR, B2 XBFERFIINES 2 3. than FEXH
1Bh 5Bh 32h 4Ah

FJUAFE HH Escape ZbDBESE BERIZEZRF “[7 “2”7 “J" B ASCIL 3, BUAEX—HF 1
WEXH “HBR" RERIDFEL L. XMEXERETFH ERATEREBIN,
THEIXHFS:

1Bh 5Bh 35h 3Bh 32h 39h 48h

Bl Escape $REDFAIE BIRMRFERF “[7. “5”7. “37. 27, “9". “H”, XBFRFNIEAZE
JARFERIE 5 1TIER 29 5.

BN CRT —& X A2 THEAUE RIS ASCIT A ( FTRBIE FUFE Escape FATFF5 ) %
HmERT, RS REAN R A2 (dumb terminal ), MEZESRARN T LT FHLH EE
Bk, WEMERRUHE R, BAEERMEEE XM, FHARUSISH R E
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B

T, FIEMSERTRELAE 20 #H42 70 SRR —E K0T 5 21 EEA e
BB BN, B&T “VIRB RS, FHE MRS st & A RS

B MURER ARV 5 e A BRI M8 & S KB
FREARE MR SEAR VisiCale HIf# F, VisiCalc F1F} - #73€524K ( Dan Bricklin, 4T 1951
£ ) Ftfih - 227 HTI ( Bob Frankston, AT 1949 42 ) Wit H&HBRIH, MXERSK
T 1979 F5|INFESR 11 BUELR (Apple I1) HH, VisiCale B R — N 4R FHIBEERE
WA P 15 VisiCale HILZ AT, BuBEREER KU 4F 74T, FIEk, ZEHT &5
. VisiCale FIAUIIB REF KA IR , X7, FAPA AR RS
REALIFRE, TEANAZERMARIE. AR, HAEBBURNSRITER TR, HA R
THEZMAER.

LB EILRHIR , VisiCale X FIREFF ATERF KRB LIEFT . AR VisiCale
XFREFRE BRI AR AR, AL, B TEEREIES N Apple I LT~
FRATRE AN RAM o iZ RAM RASCIESR M 2 RN —#4 . KA 43 AL B2
i MR IR, UETHEFREREFLERR.

TR BN S H B, IS R 25 O B B, W ANLA B A
%, 7£ IBM PC NIRRT 10 428 (BD 20 th4 80 4£AX), JLPRERNFTAREE R B
BEH BRSNS RS 0. YR IBM 8y T —EEdbne, HAbm sk i
BEGXEFRAE AT, RIS R BT AGT R e R A B R, S—{LromE
HARERRR TP IEFEST (FRN A4 T ARSI THEN Do WIRATE R PC P
PA RO E BB D, XAHIETR TR BHE TR, Bk
-0 B R B A R T T R A ISR o

IBM R PC RSN ARFEERGF oY, ROGERAL. SHSCREH
RIIR T N FIRRFFRETTHEL . ik PC FECH—E 5 21 BRTHANAHE R, A
2 EFFRT R FAFAERM ASCH BB AN, REFER L2 B R ETR.
BHREMRE AR ERPA R~ g, BIEANKIEFTEY 8 MTRELZNFHEANE
WA, X H R R RS A T e

AN RE , NFRERBIER SRR - KERNES, HRAEXKE
FhAH TEER—F. R, AN TR aRSCRRE TR AR, ERATHEN
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WG R R+ D&, FAE 1945 F, 29% - & - i5(78 (John von Neumann ) F{LFN
T—MEOUREFRN RS, ENRAR AR RERILER. HEE 20 #4Z 50
FHFW, MIT (4RSET IBM #B)) 2y THREIRE, SEENFRESHIH
BEEZRFEFE—FERTHERERTEN, XK H S BB RS IS,
ZI B AL B S 24, fEi#k SAGE ( Semi-Automatic Ground Environment ),
T HMNERELE - EREERERE, USRS BRI RS meR IR,

BRSNS 28, thin SAGE R —F B nas, SRS AATERR PC RS
ER R ARAER . FAH BRI PC BLERLE T BRad BTVt (raster) B/rds. B
MEEMGEIN, S-BEEEREIERITITHOME, XEMREBR T4 (electron
gun) & HCHRB R EHE SN FREMEAR.. BATTERFERA— BN
S, BIINENTTRERE— A, XESHOIBRER (pixels ). HEYINE, H—
RE BB B RBEERNNEXE, R THIE—MEERH 1| DS MR,
XETHFBEAMRE TREANTE, ERE T ERNHE.

BBIKGE, BUASREBOTEVLE RSRKESPEREDN 640 MW, FEOH
REDN 480 MER, GESMENBE R 307,200, MENEMRERT 1 LR
FlE, XNEMREAREERMNEG, BFEENE,. ARG, thTLRE
o RERA, 1 REAGR. XPPNE REBFELHE 307,200 LhFRNGE, HBEE R
B 38,400 £,

mTERENBEGHREREHEM, HTRoRXEHE, SMRERFFERREX
BE, BrailiRmER AN FESRFEBEREAR, BRI TEEERAREARN
KB, LATURE - ADFHRF RN, AXMEEGR T, 7 0oh RRERE,
FFh REEB R, AHEZRINEREEARRRKE,

CRT tWEEZEB=AEEE, S PRI IFE=Rahn—M, g
Rt i, HE (HBKERNERINESEE T BYRRE, RO UEEET,
FEEGEEN AT S ZARN=F A8 Erdiskn ), A9H8 M6, 4%4H
FHRALE, ERAGREHFR, ZHeadAaHAG.

AR EROP AR NERRT, RrEMEATER 3 M. ERNRLTTR
R MR AN RGN 1,
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thds | &R
000 223
001 i
010 S
011 &
100 | «
101 | ST
110 =23
111 =

X R REA R RN R EENE R, ESHtRAHRRLVRRA S eRE
e, . B=RENARERN (levels) AETKN. MFENEMRERT 2 MFHW
BN, XX, TUSAE - NMRESE S 6 (1 ARB) FESE, XA Ee R
ForHL . &, B Mg et l & 32 ARG, XEE FREIA 32,768
AR B o X PSR RIS 2 ( high color ) BR T £4.( thousands of colors ).

BATPTESA—THA 3 MERET MR, =RebiE -#g8s A Fh, X
PoptBUfELL ., 4. R EHEIH 256 FLARINGN, XEER TRILE 16,777,216 Bk
ERE G, XA RERMUMEEE (full color) BRE AN (millions of colors ), IR
TR RS HERS 640x480, HIZKF 640 1K, FH 480 R, BEEANWEERIUR
NEMERAFENTIROTAEE, HLFTE 921,600 ZHHFEER, BEPRSL IMB,

BMEREFR T SRER IR EE (color depth ) BREAFE /¥R ( color
resolution ), B S B/ MR EWIR TIOLLIFEIO AT :

ﬁ @:fi =2 FHARA T 65k

RIS R RSN FEREREER, B eNBRABRREES PR R TR
HZBIAR, BEE NS T | MB IEERIOMSUERL £, 8 MREERT 3 A
RIIE L T 3T AR Bl 640x480, QIRAHITAPHRIZEE] 800%600, fEAEERIAELLN
BMEERT 3ANFY, STEHREIA 2 AFTRE R -MEER.

RAARGTE DR EERYMBR U RR ARNER, BEEFH, XA
BEHATAT, HATELANER, XMERFENFERT AR, £XMEILT SAGE
IR RERNIETE, ER KR (vector) Bonss, MHLLEMN, BEG—FURERS.
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RTAR T LAl RS EhE B oM — MRS b, 2 e AR EH B2,
HTRELNEGRARAN, A2k, SAERE AR AESMBRP SRR
AT

XHFIE (light pen) 52 SAGE HHEAN— KK, BIFEFERICETARZEE RS
FRIER, JCEXMREREFK, MM ERER—mEFRENE. MRERASZE
EREA, RV RBERAEDCENENREAE, AR CER AR S
%o

HENTAERERMA 27 REE—KEIHE, WERMXIBIBRAER, he
BRI, HRERXEBETHEHALRS (emit) Jt——ERTHINERM (detect) Yt
T CRT (e RANRIMHERRRE RN ), B HBshEH AR I REER
IheE, B—NIUREENE-BRNER TR HAE, RAFEIMERN; £
THEER RGN HAE RN b, FFEE B RRINRRALE,

fFAL - F5F2% (Van Sutherland, 4T 1938 £ ) REEWMNE T iHENERBI—1 2
o, IZERUENAZ—. 71963 F, iR T4 SAGE R EIFENEHN
“EIHR” (sketchpad ) IR Fr. EARA AT LUK B S BAEBTE AT, B AEES
FRRE O R R, REATAE AR B s e EGH# 7B, SR, o
BV SN NENPE— B THRER.

AR RIS R, ISR ERIDT B /REFH Douglas Engelbart,
AT 1925 47 ), MBI 1945 F77 - A RRIOXE (B4E2br), HENR, AF
Z eI B TR BN A E S oRET Gk, H 2 BEREARE 1T, 20 4D 60 AR
FRE, 4 B RERFENBEREM7TAT ( Stanford Research Institute ) TYERT, fbEHT E#FH
B TEANRE, RETHLK (five-pronged ) BRIEAIESMNRE (XMEFHFK
TR, HINLRE T —FE SR IRARRS, ENETRERAR (mouse ). FRATIL
ALt AR 28X, vrlAARBEFRNEST, £ LARERE LRI
XNER o

LR PR TR HRAEBIFERNRER (X BEHFAaiEERRER), 1A
AT EIH B EEAE TSR (Xerox ) A, FiEHE, M E REELTHRLFIH,
HEERNTIE 1970 87 T M FIZRFEMF 2.0 (Palo Alto Research Center, PARC),
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UM EEES 2 — LRI &, LA I A TN THEN AP K. PARC W
BEANTSHNIZE R - 91 (Alan Kay, 4T 1940 4F), 14 SHAE, FMe - BU7E
— BBk - ¥gN3E  (Robert Heinlein) RSHISEEH, LRI T - AR HMLE
B E A, Fe - SLRITTES R L, AAMMBET —Fh&J% “Dynabook” HIEH#E
BN

PARC HFHHE DRI TEREF/RIT (Alto), BIORPAFIESTET 1972-1973
o NIMMERBFMESRSE, BE— TS ARIT—RN™%. ERAEM RS H T,
Bt 16 GALEESE . 2 /4 3 MB IRESINEDES . 128 KB (0PI (& ATY 985 S12KB),
T A — N =R, 7F Alto FEERIBTR, 16 7 A REEEES AR HH, FrllE
HOANFRES T 200 AR FEL IR 2R A o

Alto AL SRAFNHTT, B Ras2H D — N, RN/ MITERR G
—IRIE——8 T B, 10 3t ERAHIBEER, KPEREREN 606, EEBERHA
79808, HNRILAT 489,648 MEER. HPRMRERESE | ez, M MEERE
HAEFM: BERA6E. BRI A ERREEDY 64 KB, L HALEERHO RS ]

i BRSNS S TS R E, BT R RS AR F 4. A
FIX/ NSRBI o MR LABE BB ERAR, 7R LIRSt TEM, 1B
ASRRE LN RIITRE . PR RS SRAAT PHUERS AR, BETE
HUBFFIR B P AHZAT R i, TR Ras B A LAE g 4 1A R
HEIOE B, Bl R BRI PR

20 47 70 AW, Alto FrSERfe fF &l o tHIR 2 ¥ a AH sl LRI
A ARSI HFIN B REF R Lo Alto IIAHIAHR DRR S E A M SRR R
HEEBL R, BEEATASANE KB A P ROAREE . RIFEXTS: (Graphical objects, Eban
el K8, DUNBARHERR/NE ) BOs AP RO . BARFLAEZAE O
BEATHAEE . R PEIEXT SORPI TR DhRE

BN T I, BRESGEA AR PR, EaES A REEES.
KEEE T EYFTESAN SR EET, MAUVERT BRI FER, Rz
ATk ok, HERZBEMNE—5| AEshol - BUS/RERE 1963 RN—REL
I PR CRTYVRABBREER) (For the Augmentation of Man's Intellect ),
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PARC 7E Alto iX/M51 B HIFF & iR TR & P E Bl - AT Graphic User Interface, GUI )
B THEMES . BRATIHIEER Alto AT B MR EN 3 JTFETTPA EEE4EF R ).
M0 FEZFFIASRKEE, HEH Alto NAZ 3 m— FMEIRM R It HER T .

1979 4, Wik - FAHT (Steve Jobs ) H&MAERATIRELRAN PARC #H4T 1 1417,
TEAR IO AT WET A MATEE T THRRAIMEIR . M HE2: T = SRR #H AR
EIERENTHENL, X2 7E 1983 4F 1 AHEHERFTGE (Apple Lisa), AIEXERS
LU HABELF . i —FEUEHHIEZESFEAPL (Macintosh ) HIAZKRTY,

EHIAHI Macintosh H1E %4 Motorola 68000 AN FEES 64 KB 1 3 1EfEES . 128 KB
RIREALA RITFRERS . — A 3.5 BT IR Bhas (FFEEE N 400KB ). — A, -4
BRI — MU 788, BRE/KFREN 512, THGEN 342 ([ 9 3~HH CRT X
MK, BRRARN 175,104 4 BMEERT | MNF, R TREAME, XA
Bl E 295 22 KB FUWAIUE 7 fER%

I %A Macintosh JUEEH /7 ERAGTS, {HE Al HHRE IR 2 . 1984 4F Macintosh #1F
REMRLAEFTT Mac (B Macintosh #1) EXIEN, ERHILEER Mac THES5RANA,
YA BEXFE—MRIER G A RGR M (System Software ), TRUEINIESE LIUFER
BfER % (MacOS ),

BT SURKIBRH P EPER S, 10 CPM Bk MS-DOS, (RFBUR/IMBR A B IR F
REFFHEI (AP, XTIXsafE5 22 R TR, xR TIORWRIERSZS, ’A
MRS R GRS FIRE AR Bt — IR . Mac OS XA ERAE R GRS O [AILL AT
HREZAMERGL, HPRET EAD APLRE, S REBE ARG 2.

MS-DOS BAERGUEETIORN, MRBLEFR AT FHUT SR Bl
k., SRR APIEREENAT, {BX) T Mac OS XME T EIEMHRIER K, LAURHE
— MR L RREGRNERR, B X REENEGHTER. NI RV, —
S AP IREGT AT DIEXTUES, RBNIIRERR R ER /K MEE AR PG E
- HIEE. BAESPRRN AT, XMTESCRERUE T ERENE TR B RER .

EXMERT, GRBRERAURE—BEMESRERS, BLHEEERG,
ZHENBRER OB EIT AP BB mek, AT, EfE (BRERD) DREHX
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A, Hib, KW N, TILRERE, ELUR NS FUERREEATLAR S ARK
B FRUUASARZEMIN, BTARSARRER, WINHRTT mLSE,
B 4mtE R G SR i & RS REBETEN R UL AR R BT FoRE R RS Lo

MRRFERCRER S T iafT, B4l W BRISEUTEIN i Ex -3 #H,
KR £ 2MER APL, IEE I, FABRRRFARE L BoRHRR, ST
HOR TR BRI, & ELAEFEARC, XA SR “FrREVRE (H5H
WYSIWYG ), XE2ERIEAHBEL - BUr# (Flip Wilson ) fFHHARI/RT ( Geraldine )
AEHR A0S, XUERR T YIS — SRS,

EJER A R AT E BARE RSO, Ep - ADEZIRESE RN MR
fE A ABOHRN LR, HHEWER OERSR. SR RERRIURER
TX¥F AP SRBUNE R, TR AR AR X e APT s 8258 H P R AN F A
. ANEHAIRERS . GUI MUR—ME L ZWFHAFNMNPHE, MTREFAmS,
ERR—FEENT M. BF R A — R A S R T LR AR E 4
HHME .

H IR Macintosh [olth 2 1, —SAREEITHET A IBM PC S HFRAH G A
TCBAE R G PR TIEA DN EENAR: FRASKEARREEEHERAFIA
B, BT EA AR TAEE 54N, Macintosh R S — R BRI
BhRE . —MBE AR, DLRBIRELSHITEIYL. i IBM PC MEJEARIERGIT EA R
xRV L AR, BIERGES AR 2 MFEZ N R,

EA A, RSk IBM PC [AIHEANTE] (1981 48 ) &7, {8 MS-DOS M RRF D21
ZENOPREFE, MIAESBF TN Hit PC NEBRIERALFR RN EE
GO, ARRLE BTROIRIE RN AT DA E 36 A MS-DOS N FIFERF, Biif & MS-DOS R
R R AEIRIER AL %Y (Macintosh RFEZ Apple 11 RFE4A, R BN
LIRS ANE] o

7£ 1985 4F, 5 2RI/ F ( Digital Research, CP/M FIJEEEAT]) HEH T EF IS
T8 %% ( Graphical Environment Manager, GEM ); VisiCorp ( #£H Visilale 312 5] )
HEH T VisiOn; SHFEIREAFIL A T Windows 1.0 B, fEA—ICRLD, it
REANIESEN “WEFTR” FHEEFE. SRTFEZF 1990 4 3 H Windows 3.0 X1,
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Windows 7 E1E S22 KA B o B B 2 K AHRE FF 3R 8R BR . ZEA 5 HHAR Y 2000 4, 2] 90%
H/ BB 6 RO EDE Windows #1E R G.58 [ bW IANE] , Macintosh F1 Windows
XPFRE RF TR AT API G5 KIEZ T,

MIRER E3R#r, B TRERE RS, RFRERAGS XABRIERGAE, WAL
FERHFRAKRLZ AR WS R TR UUER LR bk
) Macintosh %A HCE, Windows 1.0 WAFE, BARFKENNEHRIMRESE NG
@, {EH 5L Windows 1.0 A] LAARFEEERER .

A—-ARESED, FERGIESEERECRHEN, NEMIMINE R, B
P REEFEIMRAN . BERIER G2 PR RS, B RTS fF s A
SRR . 2000 EAAH T REAERERFUREFHE 200 MB 1BiALZsR1F0 32 MB LA
;) Zp e

TEETERIER G, NAEFLFEAMERITSHES KT L. SRERINTLKRIE
RYRA, Pascal ;2 Macintosh THIT R LIES . 7 Windows BIERZH, CiEEE—4
Lo ®H D AEARBINGIT, HBR PARC RN —FEEI0TTE. K
M 1972 SEFT4h, PARC HINTSE DUE FHHIAHT A — M0 Smalltalk (1B S, XFHEF A
TERXNGEEF B (Object-Oriented Programming ), tEtZE 4 AH) OOP,

MRGENX Ko, BEBRFRITES 2 BARTMRHE T HAES (Feinbh set, for,
if IXRERSCEIMIT K ) AR, BIEBGERIEE . XMX 52 8RR A T
& - EREUEARE RGN TEXHFME RS, JABMTE, —MEylass,
— AL R ERV R

AR RORF R, 5 5K RN R SMETARIERE, X5 (object )
SKFr F RAEBMBIRNAE . FENRNES, SHAXBRNRBIGE TEIRAERE,
TIREBIRER S A AR MR, NRORFESEMANRERE, WEdgX
BREUIHE (message) RITPIX—HE, thm—PRRTAELE T — IR REES
FERANLAS B ‘

HEFEBRE RGN ARSI SRR, HEXNRES TUAES EE—MRAHEN
TR, ERNREAFCERRE LAXNS (I8 DREES) st A BRI
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F R, R, BHREREMNRIES PN MNER R LEARE—E
FRoFFfrE, #8 E AL B SCARSNERR, XBHE Al AR B S50 R BRI AR .
IR A FES A SBARNE MR, RIURSTFERAN SRR - FORRBAAHIEE,
ZEHAN SR EEE RS B S XA TR

NERTHFRAL ERFATIE AN RIE S 2 — M E RN KMUT ALGOL 5 k&, C
# Pascal BEB T, B C ¥ RNEHMNFESRHHAE 2 Cr+ (FATRIRAEZ—
T, BMISBE—RENT C IESHMBENERIE). CHIL BRI K E T IUR
HLFESCH 5 ( Bell Telephone Laboratories ) HIEJE - Ak595 fi45 5% ( Bjame Stroustrup,
HF 1950 1F ), m TR CHRAIFEA—Mittery, BB SRR H C B (H
RN CRF BT SCEDIIRR ) BTl 2 J5 M C B il UGS B2 — R4k

H3, mMNFIESERIEEN, FREShatiE. ERREERRAL LN —
MERIMERIES), ERANRESEEFREARS T M RNER SR, XPRES
FKARZRHEIMLENALEN ., IRFE— BREEEE—H RN RIBES RSN
Fr, i HAE Macintosh 1 Windows - # A AEFRIELT, XRTEFTABEIRN. 3k
FEFHAREES|H APL, 8 ARERERS API BRI S , Macintosh K1 Windows {87
FARIBIR R E RRFER

WEENRUEN F TRENGREARCEERGARGSTHREER, M2t HER
FF%3#F3% (Integrated Development Environment, IDE), X MNMERER THEZEN T
H, ISR S MG H RPN R —HE1T, XA R KE L TR AE
%, BFH MRS (Visual Programming ) FIBIARBREFIF & A B2 F A,
FEA M B A R AT DU FRER B T “HER”, MMEEI7ER 1 ZERIE.

TEHE 22 EHEA TR IHeE ORI . J T @AM IS, XS ASCIT F
FFHM . BANEE—FEHETSCARRIRIERZRANER, SRR AR 2 18]
BT RAEREHN . ERRAMAR TR EE—REF R RSN A, RI5H
EEMNMREAXGLER -TrH. HURRERGHE MY X ERARFA,
KA, PARARBCRE gk BRI T LR, 2SI AATER T . REF4E
BB H IS Ak B 2R I T AR SR SO . SRS AR A E T
EAS B
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BERNEBERENE, SXAHEXNGEE (L, FARMBRERR), #alAgRa,
H bR w8 . XM SOk — M M AR TR X B
E.o 7E Microsoft #THNE A%, (rich text format, RTF) 1, XS “” f1 “}”
PARSCRIRT “\” B3 7 SORRFE RS B, RTF taCh 7R R R G 38R R Al SUAR RO —Fd
Jiike

PostScript 1E— ML AME 2, X P& L #E2I T 43K - PostScript 1 TH4 /& Adobe

RERAIR A Z——298 - IKi& 74 (John Warnock, 4T 1940 4 ), PostScript & —Fi
MHEERIEES , 1£ 2000 B £ ZERTE R mITEVNTEN L, BT ERFrFREE,

BB AR ZHRTT, MR B #EE, FEE RSN ARTRNREC AR
B PHACERRSAOACFE S BE MR, (P REAS T AR IRER, PSR e RATENDLSY
PERAMTIN, T ESCRIBER R T L, X—PIRREs) Tt REIE R A R

THRYEARZ S P T M Se—— AT AT o SR B X B AN, MR TIX
o B R R af—— XA SR R R B A

ST (vector graphics) Z—LHEROMEY T, FIAEL. dhee RIS
Mg, XtiF i EY5EBR 1T ( Computer-Assisted Drawing, CAD ) BRI, &
BRI LRMERER ST EE TS EENER. RERE—BEA RS
( metafile ) = AFREI S . B TR HIA R R BRERN— RIS HaSHEAH
A, Xteay S E AW RS —HHIE R,

FEMPHEZETHBRES., M2 RE MO8, R EERIHHR, #HXRE
FERSBUAMRE R, HMRER RIS, RERERESLEI NI T XT
Bl S E N —RBIF RN B A SHE, MAEREREASMRESR, MHRMEES,

JOMETE (RO, BRI X — RN Ef AR . (ZF (bitmap ) ¥
USRS A TS, P — D RACN N E R RS E— MR RS B
BMPE R, MER MRS (TR AHRER), HEREEN
BEALMRE BN RR RS AR (AT S e PR ERE ) S,
BREEE - MEERFER TS VEREMRESIR TR EEHR .

RENBRNEBIER LE R T4, BERASGNEMITAAR - BE8NTT—E
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wME B 1 TRETS, BRRENZE 217, #3177, F%5

A B A T EERERARTSHITET, 8RR R MRERR X ER
FFoUF T M HER, £f e A2 iR @S EARLF AN, S RE
ISR AR A A RO R (L B B ), EE st A B RE A BB,
ARG B S AR R, XGRS AR N AR & %% ( charge-coupled device,
CCD), ER MR TSRS ES. BNMEESTE 1 CCD RyukiiT
KFfo

X & IR AR AT LA B A2 TR (scanner ) T, EJREEFIBEIFIZEML, #B2H)
Al—17 CCD A FELHINERIERE, L. mTCRBEAR, ARKE cCD
R IR AR B R0 PG A A s o7 B BB 3L

ARARAT LR F — 4 CCD SRR E . W E w31 1B A7 BUE AR RE
Jo BE ST H AT DL E RS LA IR 545 (video frame grabber) Z40¥E, B L
{EIR PR R RIS SR R REMES] . WREE S Al DOKCSEF I RBUR . 205k L
( Video Cassette Recorder, VCR ) BRG] ( Laser Disc Player ), EZEFLIFTHEH
WAL

VLU, BEARALIOMN R E R B RE] T 2 AP AT UURHERIKE, e TSI L
KB FI— AW LF—F. EREBYFAERE Y, TR CCD Myikmie& &t
HHEGHAEBRAANNAERRT, ZETEE YRR RS 21 EAH

BTEARAE R Goil 5 A AR B SO DA SRR SO AT 776 . Macintosh SR Paint
B, ZFPANXAN 7 555 T G X Fg A MacPaint £2/7 ( Macintdsh 8 PICT #&
REN XRAEMAEREIE, AR BN E &R ). Windows B IIERIARIME X E BMP,
MESHBEE AT R,

SISO ATREIR K, WA AT UL B3N B At 1o XA R4
A T HHEARFEPREYEESS (Data Compression ) 1X—4- 54 .

BRIFHANEAAE B MR RS 3 MWEE, IFEGERENHE L, X5k
B FHAMETDE RS . —HREF—RER, B, BERPegaRANES
fggta, RATRRMERE FE-THRT 2 MEaGR. IREF A RTUARRES
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GERESHEET 12K, Bo@dxMrERrOMEX G HSRERAMR S . XH
ISR 7 AR B2 K 4% ( Run-Length Encoding ), Bf) RLE,

BEEDMAZAEENIRANZE RLE E45755k, B4R —RIEEEVUBNE fiEL
EEEG . MTERYRIHNERSRREOME, RAKEMPE, FIGATER
FEHEREBHAEKS, E& 6 M RLE K4,

X124 H RO IR A B S8 AR B #idg X ( Graphics Interchange Format )
B) GIF, M-8R (CompuServe) AF]T 1987 £ &, GIF SR RARESE AR
J9LZW, LZW JRHE=f601@#E LT . Lemplel, Ziv A1 Welch, LZW Lt RLE B hN38
K, HAEHEENEREEIER (patterns ), il RLE $HX 2 B AHERENGES,

RLE A1 LZW & (lossless ) IEArERTERE, [H A LAMEESEHEE 1 8357 4= i o2
BRWHRX . Tl —RRER, EHBR MM (reversible ), R LR EHA
BT 2RO, AR, T, R E B R
R &S N

EJVERE, A (lossy ) IRGEEARKRITHIE, AHRAMNELEATHN, XEH
TR I BRI W EF T o AHEGERARANZA TR TRRES A
SCRY, BHOSTEXSEESOMEE D - MR E T RERe ke E, BUTHE”, {EXF
TH4EG, XEHREERI RN, 55 SiRrHs o E R0 BARRA AKX
ML, XEUE A 28 SUEGBORK SRR E T OHERN R E, DI SURATH
FRRAR, FHARE DIRNRFEAMN A B R G HWRL B R MR A EH

TEIJPEG W, AMMER T —RAIBEHERE X EERESR K, . JPEG R
Bt & B 1%E 5 4 (Joint Photography Experts Group ), ‘& =% | JLFEZER AR, H—i g
TR, BEEFHR.

BT B R A B S BT AR T B o X R T IUBRE A7 e S e &
R SRR AR IR R T AU s AR, e thaB A A b
e o

BN EXHRIETT XA NER AR 255, MRNEXALTEREESSH
FofEH, AT RO, AMTRH T —BBoR, R FRIRE] (Optical
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Character Recognition ), BXE#7 OCR. Xf T-hB EHIU—EFRF (CRETEEIL, 3K
KRBT HHER), mRTFEREHSK ASCI Y, A2 OCR Mk F M, OCR B2t
EeArimas TREURR, REHEHRERNFER . MTHEERSEZM, OCR KA AhE
B Z AR BANMRER, HE OCR KHF—HERXET SHFEAEA ASCI
ITEZN

(EFE TSRS B 2, HHifE B et R A5,

FEE 1983 BB ( compact disc ) HUMEIH, WFEAFWE T —4HRIH, &
RIERCh T SR FEB R RS, CD 2/ CHEMREARESI A B,
—IKEREN 12 em B CD F{76% 74 5 BB & o XA 74 480 B L2 2%
RS8N Azma ( Beethoven’s Ninth Symphony ) RI#f AJDAFEEE—IK CD |,

CD &5 BRI B ARB IR APk 4a A5 H K ( Pulse Code Modulation ),
fEIFh PCM, ZFEITENRA SMFEZRE, BMEL Fit PCM H S22 —FME BB AR,

FRAEE T2, AMIZHEERETEHNIRE, KSF SR A TR,
A B E TR TR RS, BERE6IT, efiRsIRET =0 F
Msh, AR RY, ANEFEANKN, ANFREENE, XMdREE
MR DLE R A BT K, RAMER™ RS, NiiEAIRBIr RS .

FEB AT AR, — I8t 1877 SEZ @A KA E & HRIBNL, EAH
BFERMRE R ML RHARRE =% R. HE CD W, XPREIHAR
ARA TR, BRER 7GR, BEER 7R, RHRRETEY ML, E
Rfak, BFRRHSHEARBREE. BEa Ll 250X Bl AT AR B P S R
W, WY\ S LR RN E

REFFNRR SR ESAR, KBZahedEE Ei—WF" 2
FIBEEEM 1/0 HFERES . FERNTRESN, i mmmmEth2at, FixER
B HIRREN (analog) A, J TERFIXAEK, BOEAT Mg, B%
e AR T ##E5 ( Analog To Digital Converter, ADC ) — A WIhAESENTE I
— A PR R AR R, B RENEFERE S8 ADC B
H—EERER 8, 1288 16 MU F—BNASE ERH T HRERENED . 1R
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ADC RIS LN 12 toks, 828 EEAEUETERA 000h ~ FFFh, 3XFF—3Rgt Al LAX
43 H 4096 N AR ELH

E—Fh & Rk 4R E%] ( Pulse Code Modulation ) fOBIRA, DAL ER R F RIS
BRE DATEL T HO SR A R AU . X S B LN TE R I R, (@ X b
Frat, HIEBLABIE I R AFAA7E CD L. BSHGXEEAE BRI, ATRAEE 47 CD %
IF S S OB R B 7 AR RO B . ZE RIS 35 (OB (B e Bl SR e i L O, X —
SERER B T SRS ( Digital-To-Analog converter, Bl DAC, DAC &7 A
FARER b, BEREERBELE S TR E EREE ).

PR EE R TR T 8T, 2R RAEZE (sampling rate ),
1928 47, DURMLERKERIEE - EHFr (Harry Nyquist) @3 iEHEE] T — N EE
50 %ﬁ%ﬁ%r‘@&f%&}&ﬁ%ﬁ (EgOC RABRINES ) mAPRMBRS. A%
A DART B 75 3 4RV @ H 20 ~ 20,000Hz, CD fff FHEISREESR D 44,100 X,
bl AR BTG Bl A KSR I TR — 2

CD HHEM A SIS EREHUE TR RN R, XMEERLE CD 214
AER SRS IRy 2. XERA NBRALER S MR AR BRI,
HA B R A OIRE (amplitude ), TR VRA BRI SR SIRBAOBERS
DR (bel, iXA4FRFKIET Alexander Graham Bell &5 — M BIABN=4NFE), (REER
10 £%; 1 2301 (decibel ) (REE 1 DRI T2 —. 1 5 IREE ANKFTRERAEIRY

J\EEJ#/E'{‘EO

Fﬁ%ﬁru“ﬂ\ﬂf

i)

IERESRRIER/INT 16 Lo, XFERAEBACR 96 4 WIBhATER, X—7EHE T
BER RS REUT 2R S RE (T X—EWAEF R AL ), MRS AR &
RO EHARRBRE. CD RN FAERBLR A 16 LLF IR,

2z FATiR, CD Y a4 44,100 DREFFFEAR, SMEALEE 2 AT AR
EABEEZTARERR, XEEERE ERERE, WEWEHATFEE 176,400 15, H
ToRES FEE 10,584,000 NFT (R MEARE Y, EHEL, 20 4 80 F£RATE
FAORFE SR EHREER ). 74 S8R CD FEFTHCN 783,216,000,

M TR, WA FR A ST 5 LR RIS T E HIRRH% (6]
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IR SRR AR ) R A LA, N T HEFERE RN FAES
T, LB BN REE N MOMEMASEI, SEAREEER, {5
1’%%%%@&5" FEAE, IMERCE -EAERT, BRHARIS BIEALHT
S T, BMEARITES RS, Wi v S e X R o R T

CD " PAfFfER 3, thrl DAfEfEEdE. L1 TRRGEEIER CD 4¥7 /s CD-ROM (CD
RS ), % CD-ROM I KT A B 2970 660 MB. Q1451 2 1AL #BER % CD X
BhEs, WM IR RpER 4287 LLfF % 4F CD-ROM 1,

FE. k. WPZRHEANN AHEVURA KL 10 Fal, S EHRNS HE
( multimedia ), BARXJUELRRRASE, HEXNMETFESERBENTR, MUERAEE
FE—NMRENEHR T . WSMEAUENESESS |, FRPEE 1 ADC, EF’
BERAFRIELE S ESHERARTES, HINEAE A DAC, ERNfEMEH
By SRR RIS F AT . EEE T DUEMBIES A (waveform files) 77U HUT
W .

FRAE AR A BALR R ARG SRR, HIPEEREERIARE, &
AR IAE] CD HIEUE, ArPA Macintosh 1 Windows 1X B S /E R Ao 8L T BRI At
SR, HHIE 22,050 Hz, 11,025 Hz £ 8,000 Hz iIX = AR, RAHS BRWHEHER DM
8z, HEAEI T A RBIF B, ARG AT S S R s D B T84 8000 777,
XFEE T R A5 #0295 480,000 7715,

R AER LB L BRARIEDE BLDXFIZR, ARITEYIER HgiEmx
BESRFA#ITRE, R%ﬁrﬁ*ﬂﬁﬂ%?%’%ﬁﬂ%&ﬁ%{t?g RN, A2 RBXANE
A R A AR

WIR B YA T 5 TR BT 5 AR, AREMIE, —MhE
EPSEREET . ME. BIREART, KRB eNUXHEmsE, 2atfLm
ERRBHEEA AR, SMTEELTHEATDNERERSH, EXHTHE TARER
FRARIE., BrEHEAS, HibxHrRaedE.

F—MEMBRNE S SRS, EE ASCH 7 R R EEIR. Flindk %iE
PETTH, HTAARSA—HM, TARATEER— MR R R R R E
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FRERRE S, ~DRBNRAHERNETT (BMHF K, phonemes) Ak, KIS
TR HEEM S A S HOAE, R — M FRERENENS, NRE—1
B E SR NTAN RS

EFZIRBI (voice recognition ) —— R TEE IR Uk ASCH B FRF——X M2 —/MEH
BHnEf2, EXU L AEERIEMNG SN tBARLEE, AFAMAERIE
TR, BEFERENRESTREARNS, DERARRBERIEREANARE
o XA RHMBE S AR T ASCH SRR RITEEE, WA EXRbE 4
FHRESARERTEN “FHE” ALESTHILRE, XEMBELATELE (artificial
Intelligence ) Frft AR

MAWEAIPIE RERE S /AN FFRGHS, T 128 MR K48
47 MORREINF T REE, XISRERHRMM MIDI &%, MIDI BURZSEF 10 (Musical
Instrument Digital Interface ), XTi&ZRHHILTTE 20 4 80 R FH, H—KHBFERE
pEsthE b, EEATHR T RSHESER, HFHEESHEL L,

MIDI & HEHIRAUAR, EATEBRSE FNTERRAR, B R ENSRE
B . MIDI & REATRILHRIFHE B 288 I MIDI BTE XH7ERE, (BETEMIT)
AL DA ZE A B 7 SR MA R T B A1 — I BEEH O 1. 2 8 3 D75, MIDI THE
ARSI T TR E MRS . BEEZNER, REFRENFERIARLR,

MIDI XHAMIEE T —£5] MIDI {HEER, BEFE TNEEL, @i —1 MIDI
X “MRESN, RS, R TEERRGE, FHrUABRHEYLER MIDL &4
T BMEE. ML TSR —BEFRBEE X, MIDI XHEEE ML, XH
AR R/NTE , IR — MBI ST L AL S A, T MIDI ST R R BT S
MIDI 3Lk R IR T MIDL G asfR Mt : FFE—A MIDI SCH- e REFE— D ias
bresemE, BES—NERE L TRARANE,

BEHERESHEN S — R, 255 BSREB R, FTIARRIHEEM
ARG IS & BEshECR . BATEX AR IR A A E SRR AT ( frames ). H,
BB ROR Ry 24 Wi/F>, LSRRI B 30 Wik, R FRERS A HIE 25
Wi/E>
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RN RS — R R th— A ST S A ST, (BRINR AL
Fe4akbs, —HEFZHFHPHBTERESE BRudZhE—masmngER N
640x480, FENMEEN 24 (LEF A, 2T WKL 921,600 7150 RIEBORE
30 Wi/kb, NEGFEBEHIEMEZSA S 27,648,000 T, BIXHEHETE, 809 HEN
z3 [k /N H 1,658,880,000 F 35, —ERHE/INN IR 199,065,600,000 F15, K% 200
GB. [ERZ, FEAWITENL RS RE . MR/, T HEMERE,

Bh18 JEPG Feffe e AR W] DA FISR A D #e 5 EG 5 R B 23 17—+, MPEG H4E B H]
TAFRBIASHEE . MPEG 2HREM BB T %/MH ( Moving Pictures Expert Group ).
HEEGEEEARETHE -MEMREL, BE—WakK il —WrEsE L, Wt
RUFETURTE Bo

R AT 2 SR A R A MPEG ARfE. MPEG-2 JH T 7 18 W J Fis #1
( high-definition television, HDTV ) M#F &Y (digital video discs, DVD ), DVD 1
MEF L RN (digital versatile discs ), HYHA/NG CD —#, {H2 DVD B #8A]
PAid R EHR T Hig—EAME. 7E DVD B, s BT LUESE N R R/ R+ —,
DRI AT T HE U P — SRR /NN O B B2 o 1 4 GB s fal, i LR G —mEim—E . B
L—sk B A HEVYZR DVD AR ALAT] 16 GB, ZEIAE| T CD Y 25 %, R
K, TERKRINE K, DVD ¥EH CD-ROM SRR FHE SR o

K& CD-ROM I DVD-ROM HIHHL, XA EWRE N - MBS MW E s s 7281t
ASREATHE? BFRBRHE B FaEAAD, FAMNEME RSN, HER
CD-ROM #1 DVD-ROM E&@HILEE., MTHFEES TRER, Sty ER
Hi#E, AMEFKERIZA CD 8 DVD WahestEriist, RIMEHERA A5
O - TR BAOSEARE, BB R LA —EEMT I &, HIEFEihk
35 BRI B EE, XPHEGA Al UL SR ORI A2 Al

M EAAATATHERIERIERNE— ARTTIG - BHEtEL (George Stibitz), thiFR
fib, & 20 £ 30 FHEH T DURSSIR =4k 25 tH 5L MYk HL AR THR AL R 30
OB ML SRR ST, I TRIRAE 1940 5,

RIGRAELHE HERMPRREE, AR, fERIERE MR ARE
HHETE A ISR B L B PR AHRIBRE S P IR ( SRR , carrier )
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Toik Rk FE RIS B BRNFE BT -l — S Tl — mh, xR
1TVA%) (modulate ) 3 RARBFAFIFIRES——B L X PO NPT UAFORH 0 F1 1. #5E0
R 57 A T EL AR A B 2 AR PO AR A 2% ( modem , & RLIERHIANAR A IIRE )
VARIRARELAR D (serial) JERXLIE, FAFNHRBRALER—ME—MEHK, T
AR (FTEHL— RS A TR O S A UE . BT 8 ARETH TR ).

B HRSIEIRZS M T $i#58+ ( frequency-shift keying, FSK ) HR, B AHIf# A
FRIALFRHEE A 300 bps, T H 3 H1% 0 BRG] 1070 Hz, 11 1 $0AHIE] 1270 Hz, &
NFE IR RAE—MNRIENFT—AE L AzrhE], AT H T T 10 477808, £ 300
bps KMEMIEERT, SR TECH 30 4. IWEVFSRAHBARIE — A IR
e E AT 7 ER 100 £

BIRE A EALRAERE & & v AU RS S LRR SR RS o L F AR A
( Bulletin Board System, BBS), HATHFEATATLAANELXA ARG T 3 (download ) X
7, XEWE XHNZEHEYREEE T OB, XEERR T, BEET
PR T ARG BRF G, Flangk AR ERRSS (CompuServe )o TERZEIME T,
WAEH RN —BAERR ASCI i,

Internet S5X S RERR R A AR 2R, HATCE—MIERIMEM RS, Internet
MAF ERER A INNES, XEHIR TR A LEFERRIE. ALY
i, BREERYE TCPIP Y, EafE T E8Hihi ( Transmission Control Protocol,
TCP ) FNRABRHYL (Internet Protocol, IP ). XA G LB HNIL ., AFEHE
BRI LRERAEHY ASCIL FS 24, TR ZET TCP/IP B L5 R R BRI B
/N (packets ), ZATEMEHIZEE F (BEEMHIEL L) Mo Lk, BREEREE
M 53— SR SR BT A R R

Internet FRHEATHIRZ STHEM ( World Wide Web ), ifliX—#5 SEEBR AR E&E. T
SRS T HTTP W3R 54 H T Y8, HTTP ( Hypertext Transfer Protocol ) BB S AL 4
thile JLFFTAE Web T1HE LB BIMBIEEEE —EM, A5L-2 HTML (Hypertext
Markup Language ), BB AbRICIES . HAEIA (hypertext ) iX A H i FRHIAAHIC
AR, EWARUTH -GS HENEFS . HTML XA ARE e ith Web
TUREIRISERE, XAERT LA RATS (R H AR DT
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HTML 5SAZ IS E SCAK R (RTF) BN, BIIEEETEHEREEDN
ASCII B3 . HTML th ] @& ZME 4%, Fla: GIF 3X#. PNG (portable network
graphics, fEBEAMISEGEIRA ) X4, YLK JFIF (JPEG UHFRBURR ) F. KNI
AE RN SRR AR ST RN B HTML 3, X R AR HBATE . HREME HTML #
SE SRS B— A . BREFAIREALEIE AR, {5 HTML 5FATWEE 19 #
FEE 24 EHFIBESAR, CHARHENRFEIHES . Web XA CE HTML
SO, ARE SR A B SCRFIEREH 4k © 1 H0AR e

BEATHLE Web TTHHHA T LoBIEN, A LREFEEI LT, BIF
HARES AT DL TIEAR 5383 ( Server, FHRAFHEIRIA Web DUEIFIITHEAML) BRK )\ i
(Client), EFTACTHTHREAURER Pt IRSHFEER, BEETR - LEERL
HITAE (Pl s FimEBRELRR ), RS mAg TIETDALE S AW esD
( Common Gateway Interface, CGI) JIAICANTE, TidtT & i, HTML AR DL 215
BRI HEOHES, B2 20 JavaScript. Web B8 A LAKT Java Script 18R 3H THERE,
RUBSERE HTML SCA—F,

Jatt 2, Web 3 S AN W BEAIRE AT B TR, ISR EE I — T
BURR T o BEEZXAE, FATEHACERS: B BEMT2ARN7 REHK
& Macintosh #, BRZ XA PATIEFF FHERE Power PC HLEREY, M HFHES|F Mac OS
) APLEREG SRR —E PCHRAN, MZXATTHITHRFFRE A Intel Pentium H175
1, o DFEMEA Windows API 3, RIHALREZRIER GO E S, EEHE
HABKARHHEVRBERRE RS, #—2R0, RATHAEZTE M P ERHITX
#, BIHRATEER B TIEE A A BSw A BRIT .

FRAIFHZ R B Sun AR A Java IS (E25 JavaScript 1R )o Java 2
— R HAEANREFEINES, M CHASEM, ATEREYPRIIheSFES
( compiled languages, FJ=AEEEVIEBNTHITXAMIES ) FBEES (ARA=4Ew
PATHINES ) ZHNX 5], Java B—FATMEZRES. EHREELHF, H
SRIRMEERA RIS, TiJE Java F1569 (Java byte codes ), Java T TiHS SHARLFES
F4_LARAEAN, E Java SZF5 RS B LATE— PRI vH AL T 4488, BD Java FE#LIATI( Java Virtual
Machine, JVM) L, #481FH) Java F2F 774 Java 005, /5 THEVIEIL IVM 3=t
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H
j

TR, Java FFMETRIUAZR T SEERIERZMER, MULEEBYEL
et ( platform- independent ),

KT R e 2kl HERMESER, fEdhdx— R ABRH 7 KBREY,
BRI —MEIMTZ AR, BRI A A — R B R S ARG rotS
ghefk, i MAFIAEEREHITR AR BDCERMBR . LES LR E R R L
BB Ik — BT

FREEARK, HLARNKERA ST, JE-ICFEER fREERE A B ERE
fo ELES/RIIEH— “f” — “W7, kN 75—\ RN KRR R RS
HAHRADELT, SRS et

420



dview” BXHE - THIERME S
www.broadview.com.cn H 7& ;ﬁ ¥ i j] . :5 _\lk ﬁIJ ﬁ & H&

MEBFEEE—GITEN, REX—DImit !

* THH .

Charles Petzold @WindowsHwmEFRH—RL AN, HA5HFRINEK
HEARER, 1994558, PetzoldffANBHENMNAZ— (FERKE—
BIER ) 3 (B ZE ) FMicrosoft/A S BES#EFWindows Pioneer
%, MUREMIIMicrosoft Windows il H 89 T #k

Petzold 1984 FEF IR E N AITENEF, M1985FEHF 1%
EMicrosoft Windowsf2F., 1986FAth#EMicrosoft Systems Journal
1285 E&RFRT E—RBXTWindowsEFIRiITHIR X,

M1986FEF|19954, PetzoldAPC Magazine#EE £ 2=, [4)
BHENBWindowsFIOS/ 2R FZITE A ENEIR, EF SRR FEFEWindows
GDIREFIGITEFERAERNMAL, HA{EProgramming Windows ( Windowsf&Fi&it )
BRABEMAWINdowsHEZ M, LRFMEWI—REFR, ZHENCHEES5R,

L5 HHH-RE

ISBN 978-7-121-18118-4

S| HEHIE: F
FIEESR: ; ¥® olzg7121M81184M0>

EM: 59.007T
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