Ch2: Data Representation
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o« Tk, ZHERL FoNEER] RIS A B B
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o JE R E RN
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Sign and Magnitude (JRAZKIZER)

Decimal Binary Decimal Binary
0 0000 -0 1000
1 0001 -1 1001
2 0010 -2 1010
3 0011 -3 1011
4 0100 -4 1100
5 0101 -5 1101
6 0110 -6 1110
7 0111 -7 1111

o KM, BE:
v 0 WERARME—, FRFRFRHE
Vom. BEEHT ARG
v EHSIFE SRR, AR TR
v R a<bBf, SEBL a- b A
M SOFEARTFUR, BEEER R AMIR R R
(EF OB B BOT RS 5 SN BR R
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AljE: AMEEFTE - BRIEE (modulari@$Ho)

BEEMS: £ MEEERET, M5 ERUR ERREFN.

I eh i — - 12 R 4
BREMRIEEM10M, E¥ RN 6 &, NERMHRE:

@ 8|#%4%%: 10-4=6

@ )4k 8k%: 10+8=18=6 (mod 12)
B128 % H: 10-4 = 10+8 (mod 12)
4= 8 (mod 12)

M), FR8AE- AXTHLL2HI4 MG,
EHH -3=9 (mod 12)
5=7 (mod 12) &

Ziel: — PRI E TERGZ B 4 HE.

Zw2: WNTE-HENR, REWE/DMTERS 8, Bz
Bon £ 573 — B AN R .

#ME (modulariz®) : +and - K14 —
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Rz H R GE

Bil1: “PpRBIZH RS
B HEEMER, M105SEI3RAE S =LA ?
10- 4=10+(12- 4)=10+8=6 (mod 12)

Bi2: “Afi+REHIEC iz H RS
e &M AAUR, HRBMME, WESER EHE
0828-1928%5F % /b7

9828-1928=9828+(104-1928)

=9828+8072  mmpa WREDEAN, BAUHRE
-1 900 75! ML T R R e L.

=7900 (mod 10%)
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BHHAZ - MEEHERSR, GE&HAMERRNEZEH

WHAITREFES R EGRA, Beinfl, WEHEERREREIENL, TE/K
2N RANERN ZHFEEER. ik, HEA2,

wMER X BEAMS A AL, 111
@ EBRBH: [X]y=2"+X  (:222<X< 2", mod 2")
@ e/ [Xy=2+X  (-1<X<1, mod2)

0000

0001
0010

\ N 110 i 0011
RSN (B ;
@ [-2™1]=2"-2"1=10...0 (n-14~0)  (mod 2") 110Q-------------- rossssossoo-o- 0100
® [-1]4=27-0...01=11...1 (nA1)  (mod 2") ;
® [1.0];=2-1.0=1.00...0 (n-140)  (mod 2) 1014 i 0101
@ [+0]y= [-0]3=00...0 (n10) 1010 i 0110
‘ / 1001 1g9p 0111
Hn=4k}, FLHI6HLEE: 0000 ~ 1111, WFRZ
AP R ARG . HEEEN: -8~+7
( A \ | @ ( A \
| I I N I I | I [ I I N N I O I O I e
8 -7 6 5 4 -3 -2 -1 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1000 1001 1010 1011 1100 1101 1110 1111 000@001 0010 0011 0100 0101 0110 01112 J

[-8,-1] is shifted to [8,15]. The modul here is 10000

N
©,
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Two’s Complement (AMEHIERR)

o IEH: FFSAL (sign bit) K0, FEIBHSAL
o DE: FFSANL, BUEED SRR, RALINL

AR (B4) #M5: XFFS, FTAEBAT @ R P E SR .

Bitwise
Decimal %4 TG Decimal inverse FME  ARTBAME
%/j 0 0000 00000 -0 1111 0000 00000
:’?Ofﬁnf 1 0001 00001 1 1110 1111 11111
) 2 0010 00010 -2 1101 1110 11110
3 0011 00011 -3 1100 1101 11101
4 0100 00100 -4 1011 1100 11100
5 0101 00101 -5 1010 1011 11011
6 0110 00110 -6 1001 1010 11010
! 0111 00111 -/ 1000 1001 11001
8 1000, |01000 -8 0111 1000 11000

(EAR, FAMAME TR, e !
{ELFH 22 FE AN ] £R BE A5 5 AL AN B ey BB
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ARAAT SR AMG ) FLAE
RN B0 B B0, BT Bk — A4

- N bits \a

N1 | SN2 e e bl 23 22 L 20

/ EAETEE: -2™ to 2V -1

“sign bit” “decimal” point

ey

&-bit 2's complement example:
MOION0 =-27+ 20 + 24+ 224+ 2'=-12B+ 64+ 16 + 4 + 2 =—- 42

=IN=4Ff, 8
=IN=32, o

4 : [A]%= an-1@n-2 a1do
)RIIJ, A= _an_1.2n-1+an_2 PN-24 ... az 214 ao .20

%J: -23~ 23-1 (El] -8~ +7)
Ky -231~ 2311

[

«
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Excess (biased) notion- &K~

° 4 R“excess (biased) notation-BIEER" ?
¥E—MUEN E—MmE % ( Excess/bias)
© Rk, AgmISAIECH niY, biasHX 21
Ex. n=4: E, .= E+ 2% (bias=23=1000,)
-8 (+8) ~ 0000,
-7 (+8) ~ 0001, OB IR N IE—
" B AAMG X — LA F]
0 (+8) ~ 1000,
+7 (+8) ~ 1111,
° K ABERBERFRRTES (W) 2 BREZAREORE AT !
{8 T1% R EU s E B 0 B Ak
. 1.01 x2 1+1.11 x23 1.01 x2-1+4+1.11 x23+4

*MZ: 1111< 0011 ? i o #i%. 0011< 0111
1) 3 3) ()
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Unsigned integer (B 5 %))

Pl FRIALHPIF A M T2 (Bl 3247%1011,) -
. EFMEALMAF]A: 0000 0000 0000 0000 0000 0000 0000 1011 “—
. EEIMEAMAFZ: 1101 0000 0000 0000 0000 0000 0000 0000 «— MSB
o MIPSKHAREUENLEFELHES)
e LeftmostfirightmostiXPEAMAEF B X, #MALSB(Least Significant Bit)
RKEBERNBRILB AL, AMSBRERZ A AL
N FANGL, WA RAPARRAX B FH/ 24
o N=4f, 16F4E>40000 ~ 1111
—RAEEMEEH EHBAHRNELERNGET, THHEFSH
. Blandbkiz &
TS H RIS R E R/ 5hL
EFKMHERIRELT, ERNRRTBEXTHERAFSH
TR S ER BB, PR 2 g AR A TR 540
BRSPS H 111111118, HAH K255
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Signed integer (#5350

o TFENDIEEAFE IES (positive) M (negative), MSBERIELT
o A=EMRRTR
« Signed magnitude (JR5)
FRFBREFER (52 FR B2
e One’s complement (%)
WEAH
e Two’s complement C(kME)
S0EMELR, FrAtEVEHAMIRRRIE R (3
o AT ARAAMERRNER 5 BEH?
« IMEBHARGEEAREERS, . BEE5%—
o HOWRRHE— HHEMEH
o IR 2 R — /DAL
o 5B, HASMAEERAFSNNKRIERE
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A 5 BN TR 5 £ LA

o T REBAER ZEN
o filhn, MIPSTRAL T PR InETs <
TRFSH: Ibu $t0, 0($s0) ; $tOMIEI2447 %0 (FRAOFE)D
A S EE: b $t0, 0($s0) ; ORI E 240 (MNF S (MMAFFEY E)
o BHHBRAEER
o TRFEE: MSB A1 LEMSB A0 Hk
o WRFSEE: MSBRLHEELMSB HORIE/N
o Bltn, MIPSHRELT AFEFI RIS, U
TR SH: sltu $t0, $s0, $s1  (set less than unsigned)
WS HL: st $t1, $s0, $s1  (set less than)
BE: $s0=11111111111111111111111111111111
$s1=0000 0000 0000 0000 0000 0000 0000 0001
. $tOFNSt1srH A% /D2
B, OISt B A0FIL,
o MHAME ER (GRS ERIER S E S H AR AW HD
o MIPSHIE: EfFSHUEHE R BE, A=A i s
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CiE S BRI

THF5$: unsigned int (short /long); W5 3%.

HAE— DR EE M — 0" B U R/ 58

# RN RS BN AT B, WCH ISR & Rk

int (short/longQ)

ORI BN TR T2

fisE LA R ARRIEALESN FHAMB RS HIHLAS EHAT, SREBATA?

BHRA

ZiR

Wi

0==0U

-1<0

-1<0U

2147483647 > -2147483647-1
2147483647U > -2147483647-1
2147483647 > (int) 2147483648U
-1>-2

(unsigned) -1 > -2
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CiES TR

T 5% unsigned int (short/long); WS int (short/long)
AN E I —A u” 8 U RR B/ 535
% PN A RS BRI /5 B8, NCH IR SRR 5 BERH A LR 5 3

fisE LA R ARRIEALESN FHAMB RS HIHLAS EHAT, SREBATA?

KEARIEN BHRA | 4R Wi B
0==0U T 1 [00..0B = 00...0B
1<0 AR 1 [11...1B(-1) < 00...0B (0)
1<0U T 0* |11...1B (2%-1) > 00...0B(0)
2147483647 > -2147483647 - 1 Ay 1 |011...1B (23:-1) > 100...0B (-23)

2147483647U > -2147483647 -1 | Ti% 0* |011...1B (28-1) < 100...0B(23)
2147483647 > (int) 2147483648U |  #54% 1* | 011...1B (2%1-1) > 100...0B (-231)
1>-2 e 1 [11...1B(-1) > 11...10B (-2)

(unsigned) -1 > -2 T 1 [11...1B(2%2-1) > 11...10B (2%2-2)

45 B 5 TR A .
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B4 1% (Scientific Notation) 57 sS4k
Example:

mantissa (£ exponent(§#5. 7540
~~6.02 x 102«

decimal point radix (base, )
° Normalized form GREALTER) : NBUS AT RAE — A IE0E
° F—AEEZHMHERRER. Fl: XTE 1/1,000,000,000
« Normalized (ME—RIEEREALIER): 1.0 x 10°°
e Unnormalized (FEFMEATERAME—) : 0.1 x 108, 10.0 x 1010

for Binary Numbers:

mantissa (ZEZ{) exponent (#5#¢)
\1011 o ’
YUlliwo X 2\
binary point H A2

RN BB E0 3 wbs, malRa—NMERE (Bl 230
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# R (Floating Point) )R 7~ [

Bil: 18 H T IR3246F R B R ETLE .
0 1 8 9 31
S| MriLE BEHM

BN ABFFS; FH1~8A AN BIERIHMIZE (UEHEH128) ; 9~
3147 M 2440 — RS/ NIRRT RBEM. LB IS — AL 1, HOR
ERE—AEBRINK U AN ERRH R, XEER 23N s 24400 B

BRES: 011...1x 211 =(1-224) x 2127 B/NES: 0.10...0 x 2000 =(1/2) x 2-128

R A AR AR AR R X AR, BT AR SRR VB B 2R T R RO BRI o
[E AN = AR

R | E

Uil

>
_ (1_2-24) X2127 _2_129 O 2_129 (1_2-24) X2127 %&iﬂﬂ

HLER0: Brad o0 B & 4E T i X 4K
FRELE e RECR, BRI BRAERS, BBZRERG, HANY
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F R RN
° Normal format CGIA&ALETERD)

/-1 XXXXXXXXXX,... X 2EXponent

/NSRRI T 17,

AT R 2R
° 32-bit Fikg AL
31 0
S | Exponent Significand
1bit ?bits ? bits

S &5 AL (Sign)

Exponentf] excess (or biased) notation(# /&) K% 7~
Significand 78 XXXXXXXXXXXXX, 25K 47
GEPTLAZ 2/ 418116, ZiEfEE, ok walionr)
© RHETHEAL, S B X H O S

BRI G — R 4

7] R -
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“Father” of the IEEE 754 standard

BHEIBOFERY], FMHLEENTIIE RBERSEAREREL—
T AE AR, PLBSZ MAEEEERR, TR
19704EA)E B, IEEERALZR i &35 Tl 8 V% MU B HE
19855 58 B M B HEIEEE 754 ¥ | X8

IAE BT T ENE K IEEE754R TR TF A

This standard was primarily the work of one person,
UC Berkeley math professor William Kahan.

1989

ACM Turing

I Award Winner! |

www.cs.berkeley.edu/~wkahan/
ieee754statusl754story. html Prof. William Kahan
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IEEE 754 Floating Point Standard

Single Precision : ( Double Precision is similar)

S Exponent Significand
1 bit | 8bits 23 bits

(o}

Sign bit: 1 ®7~xnegative ; 03K 7~ positive

° Exponent (M5 /850 S04 190 A50 2L FH R R A~ RE IR (1 1A !
SPHIFAL B 5 78 B 2 0000 0001 (-126) ~ 1111 1110 (127)
*bias #1127 (single), 1023 (double) 4 1277 2FI128
° Significand (B0 : RBrESTE A 2 7
« A BE B S ERL, FTURERRN, B4 0000 0001 (-127)
« 1+ 23 bits (single) , 1+52bits (double) ~ 11111110 (126)

SP: (-1)°x (1 + Significand) x 2(Exponent-127)
DP: (-1)S x (1 + Significand) x 2(Exponent-1023)
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Ex: Converting Binary FP to Decimal

BEEOOOOOH is the hex. Rep. Of an IEEE 754 SP FP number

10111 1101 110 0000 0000 0000 OOO0O 0000

(-1)° x (1 + Significand) x 2(Exponent-127)
Sign: 1 => negative

(@)

° EXxponent:

« (0111 1101,,, = 125,

 Bias adjustment: 125 - 127 = -2
> Significand:

1+ Ix2'4 1x22 + 0x23 + 0x24 + Ox2™ +...
=1+21 +22=1+0.5+0.25=1.75

Represents: -1.75,,,x2% =-0.4375 (=-4.375x101)

(e)
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Ex: Converting Decimal to FP
-1.275 x 104

1. Denormalize: -12. 75

2. Convert integer part:
12=8+4=1100,

3. Convert fractional part:
75=5+.25=11,

4. Put parts together and normalize:
1100.11 =1.10011 x 23

5. Convert exponent: 127 + 3 =128 + 2 = 1000 0010,

11000 0010 100 1100 0000 0000 0000 0000
The Hex rep. i1s C14C0000H
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Normalized numbers (GERA&ALED
TP SCER 2B 0 ks A2 (normalized form)

How about other patterns?

Exponent Significand Object

1-254 anything Norms
Implicit leading 1

0 0 ?

0 nonzero ?

255 0 ?

255 NONZero ?
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Representation for O

How to represent 0?
exponent: all zeros
significand: all zeros
What about sign”? Both cases valid.
+0: 0 00000000 00000000000000000000000
-0: 1 00000000 00000000000000000000000
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Representation for +oo/-o0 oo : infinity

In FP, ERBUNO0MI SRR +/- oo, AR H 7.

AT A B X FEALEE?

« AR +oo/-0 L., Blm: X/0>Y AER—MERMEE
How to represent +oo/-c0?

e Exponent : all ones (11111111B = 255)

e Significand: all zeros

+o0 : 011111111 00000000000000000000000
-c0 1111111111 00000000000000000000000

Operations
5/0=+0co, 5/0= -o0
5+(+) = +oo, (+o0)+(+o0) = +oo
5-(+°)=-00,  (-0)-(+°)=-c0 etc
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Representation for “Not a Number”

Sgrt (-4.0)="7 0/0="7
« Called Not a Number (NaN) - “3JE¥”

How to represent NaN
Exponent = 255
Significand: nonzero
NaNs can help with debugging

Operations
sqrt(-4.0) = NaN 0/0 = NaN
op(NaN,x) = NaN +00+(-00) = NaN
+00-(+00) = NaN cofoco = NaN

etc.
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Representation for Denorms (A& 4L

What have we defined so far? (for Single Precision)

Exponent Significand

0
0
1-254

255
255

0
nonzero

anything
implicit leading 1

0

NONZEro

Object Used to represent
/-0 Denormalized

+/- numbers

Denorms

Norms

+/- Infinity

NaN
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Representation for Denorms

1.0...0x2°126— 1.1...1x2126

_ NN U O A B I B ! | ! ! I I |
0 2_5126 2-125 2-124 2-123

Normalized numbers

\51%”0”‘“5 (-1)sX0.aa...a X 2126
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Questions about IEEE 754

¢ What's the range of representable values?
The largest number for single: +1.11...1x 2127 2] +3.4 x 10%
How about double? 27 +1.8 x 10308

¢ What about following type converting: not always true!

it (1==(int) ((float) 1)) {  How about double?  True!
printf (“true”);

}

It (f==(float) ((int) f)) { How about double?  Not always true!
printf (“true”);

}
¢ How about FP add associative? FALSE!
Xx=—15x10%, y=15x10%, z=1.0
(Xx+y)+z = (-1.5x10%8+1.5x10%8)+1.0 = 1.0
X+(y+z) = —1.5x103%8+ (1.5x10%8+1.0) = 0.0
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T REFI M HI R
o BEBIE (numerical data) KIFFIR T
Binary (3 #140)
0 SEAIEH: Fixed-point number (integer)

0 Unsigned and signed int
0 ¥ 15 ¥: Floating-point number (real number)
Decimal (+3##1%%)
o FASCHIBFERR
o FIBCD (Binary coded Decimal) #4& 7~
o THEWF AT AEHTHHIBRREE?
- HEMAMEZ L, oL, HENSMREMH . £
LERELIRMAB R RES, R8> kB0 13k B T8 i %
#e, 7EIFENLNTEEA TEHRISRTSBIE.
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JASCIRE R 7~ 3t Il 2
o HI 57 P T 5
o FFSALBEMA N FEERR, MTHFHZH.
o IESH“+"BIASCIIE(2BH)FE 7~; $i5 H“-" FIASCIIEE(2DH) &R
o B +idkHIE+236K <K 2B 32 33 36H
0010 1011 0011 0010 0011 0011 0011 0110B
2t | %-236958 7~ A4: 2D 32 33 36 39H
0010 1101 0011 0010 0011 0011 0011 0110 0011 1001B
o FRRANEF B
o FFSMIRABIBRIE— AL FEASCIRE R E4MF . ELET bR 7 A — N5
o IEHAZ; EmEAAIAR 0111,
o B +ikHIF+236F RN 32 33 36H
0011 0010 0011 0011 0011 0110B
+ 34| #-236938 7~ A 32 33 36 79H
0011 0010 0011 0011 0011 0110 0111 1001B

SRR K, HFREER T HBEB CDM A gEvHA .
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1BCDA R 7~ 4L

o ImhE EAE
AT B DI DF A B R R S . T4 ZBEFIAL AT PLA & 167
KT, EHIOMREFFERFITRIRE
o W
1. +HERAE Y
- TERAFANTHFIBALAAN ZHERIBAL (RRAF2E) #H — M€ K
o 842152 & B H I+ HEHIH RS . tBAREMBCD (NBCD) .,
2. THEH oAU
- IRRAFANTHERIBAL AN F2B A e IR . BT RS, H
IR % I 2 R3S FIAG B
3. HfhgmtdmE (GHE2IG, MAGLE)
o FFSALHRMR:
e “+7: 1100; “-”: 1101
« fil: +236=(1100 0010 0011 0110)y,,, (524NF)
- 2369=(1101 0200 0010 0011 0110 1001)g,,, (73FH)

RROLAF L i — 75
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* & o o

*

PP 1L
L AN

HENAREE B H 9, eV ATmLE B AT E, HERAEE
EXBEBREE=AEE: #HHl. EEES. w5

SE R BGTS: JRES. *MS. BAE

o SEMBEH. ROBHEESFAEFRER D) s AN RAFEETRESR
BHIFER

o TFEH: EBEH, ARF/RMUEESE; WRASEE. FAMIRS

CiES T HIEE

o IEFFS5H: unsigned int (short/long); HAF5%: int (short/long)

77 RN

o FFE; RBEL mANG BE (M) - mABEH (ERREER

R
o ARFRARRBE: IE R, ETH. fBd. AT SRS RAECRIER K DNE X
BRI
5REIM BT IEE R, FsibgiE:. 20, A
FRBMER (EEE75434E) « USSP (float) FIXUREDP (double)

- HRALE(SP): Brigl1~254, BE&EEMEES A1

- = (M h4E0, BAE0)

- oo (Brh4l, BH40)

- NaN (frA41, EAFE0)

- JERIASALE (B A40, EAIRO)
it FE R FHASCIRY., BCDREE R
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%~k JEBE RO

BEdEs . 2 its

T ZE AN K
o FEBEBGE KRR
- AR
» TXFR
C W
o S 98
» BRI A7 EHES
+ KR
NV
o B 21 B R 4
.+ AR
. HERL
- TR IR

N
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A KRS RN

Y VN
H—f xR~ E: 1/ f&: 0
o NfZ i3t B ] RN EEEIE, B—Mr
A
oIZH
« FZNL AT
c WG S [ AR | B AR | BELE F
* 17
o BHEHEMBEEE AR LI ERN, W

— B0/, PSR RKIRH.
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P 3 A R RS RN

o FF R
o B—MPEXT, HERILNFEETDAPE g #id
o HESTHRANMDEFERMEERFS . v 55 S B A /R I T G
o T B R BB I 2561, i H7E8AN A AT R R
o Bx CHE RS ATALASCIEE)
BUR MIMABE T FREMZH (SP)IR R
o THEHIZF: 0/1/2.../19
« JILFERE: ABI...I1ZIalbl...1zZ
« LS +-1%/*I&......
o BHIFRF CAATHIEER)
o BR1E
o FRIEBEAE, N ERE/BB %
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W I [ Fr R B et R s
o FF A

c WERRELE, —AFRE—ATRETR.
cWEHBEKX, HEBL6TF, AWK BIOIT. WEHE
By SRC e DU AU 2k T — R 51 .
o HIETB R
o 1T LR A
M RN TR, ATRA.
W FITERG DT, AR, RS,
SR T B BRHIA : HOR DL M A MR, T /AT E

W PUXCF AR EARMAL? 55ANE?
A BA TR P B BRI ?
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&L TUNE

o HTFEHHR AN F RT3

O FERFEHRAEA, &R HERA G BaR%, XPFITk

P EIE B LA K

@ HEFWMANTY, BRWESEME, HELHAPBOEHEREZ.

ORI ES S it E
FANFH BRI ER R, KPS0 A DY R 3% B 24T 1 g
RAFRADFH BN, XFRIMS . F AN HIAS T A B4 B iR sE . X
RREE. & ZRHARFRMALTE.

HHRTTEE: A58, LEFRE. FEABC, WHRHEE

@ SEL I [ PYSCBETE, — BN SCF R N — AN, AR TR

@ WFRKTFHE, TN FMAREHTES . BERAME. ZAFHFRH

T L TR
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FRE SN FHI NG
AR PECERE AR A
HNEHZASCITL,
SFTFFRERERE, BAEELUTILANEE:
@ AReE =X, BIARERIASCHIEA 4R %5 .
Q@ RESWUFEFETHRMERRR, BTN FERMGEHE,
OF I TINVISS ¢
Hirtd (EARZ D)
1981FE K EMA T (FEERLHHAN ARG FRFE - EXE)
(GB2312—80). ZirHEIEH 6763 N EHINF, AEBNMNFERET
RS, MR R BEA R ENREZ M HAETH
A EF E ARG I ZE R L= AR LA S
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GB2312-80FFF4

o =347 1k

O FH HAMEMFTS, BHRX. 3. HXCHREER B4 Z
Ok DUEPHEEIL6874;

@ — % H AP E, 3L37554, PGEPEEHES;

@ ZHERNF, 330084, RAKEH, BrAiimssimE Hs.
o DA HIX AL R

o IR HIMT. MFIAHR, ITEHRARTS, FISHAMNS, & L7

o Fo i TENFAEMRFHME. XAEIL1407, KESEL MSEL
o NFHI Eirg

« FMNFHX S S BMNE32 (20H) , BB Eirg”

o EtptE X ST R G ETEINE, NITEAE SR, WY
A0, MWE— T,

2010-4-5



» Y g
AN
o 2OFTNFETI A RER—NMNFENE, AHA?
o AJ7EGB2312 EFrhg A =AW
o HEAAEEHNF TR A E L FERAINE
Bilhn, WX FERGR: 3473h (0011 0100 0111 0011B) , i KI34hFI£5%F
“4”[ACSIEZAERE, JEER73nAIFEEF“s"KIACSHIZHE, BENFTREEIE
wWHh“1"f5, SMAERHAE: B4F3h (10110100 1111 0011B).

o EPRFERFER DM

o NEMHXAEHANREKFZRFENL, W XGB2312/Bigs. HILShift-JIS/IEUC-JPZE,
—HBRER TP XRERITEN, FHHF—NEHIOCH, BESHIELE. AERE E
SRR, WIAIE—FREEST AN 2 EZ/FE. BiEX OF S X
FRE RN A Yo R ME— 8 SRR

o EFrtr#EISO/IEC 1064632 H T —MEIE S A IR P HIE S CEIERRITE Z4/F
IbsHEGR TS, BANFR AN T mIB(UCS-4)F2F i 4wh5(UCS-2) .

- BE (BFEFE. 68HBX) 5HA, GEERKAEHIT T — 1N —HNFEFZ/HE (
CIKZRIL) , FHWET ERAFEFR MR KIFLL2H LN ERFGS, KHA2ETH
M (ER: UCS-2), IR #t#t#E A E X Aa%E(GB13000 ).

o TR B F R BIWindows#4E R A (R F ERAF XSG — %L, WET .
H. SB=EH%HRL20E, FA“Unicode”, KRH2EF i, 5UCS-2—3 .
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DU B 715 R B RS A 4 B i ik

AETUFHITE BrdE, SMFHRFRALRBTAAENN

—ENFIAFRNRERE BESE—ERAFEERE, FFR
FPE (font)

ANEFE (InRAE, JiR. BE. BT N NA FFE
B DR, SERFESRIAREIRER, REEAHEN &
FIFER/ MR T
FIE R RERIE (BB 70
wEHE (BEFED
H& 2R
HZRHER (True TypeFEiE)
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BRI AR TS
o ELHE (bit) RUFENIPATE. FaE. L5815 R 5»BAL
o ZEVHEALNES, —HEHIGE BT BRALE“FT"(Byte), HFR“MIA”
o MARTHENLF, 2R FE TR
o FHRE/NA]F-hkE {7 (addressable unit )
o R T HAFRIFH 248, BEHE A “F (word)VE A 8L
o “FUR CF KIS
o “HRTFRHIRIE B BT
(BUEE B H5 CPUN SR I BB M4 F) 112 DL & k42 By, EER
CPURNIEAITEIRIZE . ALY, XM REREA L E
—3, ARAMAHEILE., FHK, “FK NZFEFCPUNBRBENRE. 12
HARWAIE. EHEFHRNREES. )
o “FUHRFBHACEE BB, AREESMEIERENEE.
o FHLZKMRER I—F, WaAFE,
B, Intelfsib 2% 386 FF IR T 320 714, HILE I I B8 & A 1641
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HAE = 1 BRAL

o FEZHFIE RN EERMNEFITRFERES
o BAEZFMHRBEAR:
o “TFEFH"(KB), 1KB=210%F5=1024B
o “JKFEF(MB), 1IMB=220F5=1024KB
e  “FTIKFEH"(GB), 1GB=23F1=1024MB
o “JRIKFET(TB), 1TB=24%7=1024GB
o BETHWEMEHNENMNE:
o “TEuiF/FL(Kb/s), 1kbps=103b/s=1000 bps
o “JKELEFFL”(Mb/s), 1Mbps=108 b/s=1000 kbps
o “TIKHLE/HP7(Gb/s), 1Gbps=10°b/s =1000 Mbps
o “JRIKLLER/FS(Tb/s), 1Tbps=10%2b/s =1000 Gbps

I RITbE LB, NIRARFEFMALLER (A
fi4n, 10MBpsFEs 10JkFT5 /8
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REFF P BE SR B 38 X

s MPETXREZMARE., MK
B
o Hilt, CEZHFCharRAIH%
BAINFET, AR —NERF
CIEEESIE) , R R—
NSO B (BEH )
o ANFENLE _ERARK R —FREY
I8 VT 6 58 P A )
o IR EE R HEAE N B2 KB R
RN AIAH MY 1 Ab B ¥ 4
(HERELERLSRENFRMETES)

IRHEH: FRRBER R
FHLE TR SR, SR
FA RN IR T KRB SR
SNENCR

CET TEEEIERAR W (BAL: F)

CFEH

BRI 3247 B 28

Compagq Alphat/l 2%

char
short int
int

long int

1

1

char*

float
double

o~ bBAIEAAEDN

O ~| OO BN

Compaq AlphaZ—/Mt X 5 i
HIGARIHLES, BI: FKA64AL,
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SO B AAE A HE S IR

¢ BYTE Addressing: (F¥i4wit)
o 80FEMFFLR, JL PV 7 Wamik
o ISATTHIT B35 18 B PR A ) 7
o e N—ANFT5 bk E R —AN3242 I ? - F HAF U]
o« —NFREMFABAEEAFHWIAFR? - F BT 55 A &
Bln, # inti=0x01234567, fF/HAENTL005 32T, WH“EE 1841571005
FICEH i B, A RIRAN T R B .

01 23 45 67
103 102 101 100 little endian word 100

Word: msb Isb

100 101 102 103 big endian word 100

K3k (Big Endian) : MSBFTAE R Hulik 2 50 Huhik

e.g. IBM 360/370, Motorola 68k, MIPS, Sparc, HP PA
M5 C Little Endian) : LSBFTTE K HuhE 2 55 i Hodk

e.g. Intel 80x86, DEC VAX

A LA PP T AR, AT AT IS 47 18 A 32 ThIAL SR ¢ 8 K WA 77 2K
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BIG Endian versus Little Endian
Example 1: Memory layout of a number ABCDH located in 1000

- P CD 1001
In Big Endian: — AB 1000
: . AB 1001
In Little Endian: — CD 1000
Example 2: Memory layout of a number OOABCDEFH located in 1000
00 1000
- P AB 1001
In Big Endian: — D 1002
EF 1003
00 1003
: P AB 1002
In Little Endian: — D 1001
EF 1000

Example 3: Memory layout of a instruction located in 1000

B/ MmHLEEFE4: mov AX, 0x12345(BX)
MOV | AX
HopFmov 40H, ZEARAXAIBXS 51K BX| 0x00012345
0001B#10010B, SZBI% 3267, NIAFHFA - 00 1005 45
01 1004 23
40 1 |2 45230100 \ 23 1003 01
e R ALAR b, AR 8O e an T 2 45 1002 00

12 100412
40 1 |2 00 01 23 45 ] 40 1000 40
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Byte Swap Problem (F¥AZ# )

/8

3 12 | 3

56 | 2 I 34| 2

34| 1 Increasing 56 | 1
byte

121 0 address 78| 0

Big Endian Little Endian

FIRFRAE S BITHIEE (F) 2 4? 12345678H? 78563412H7?
PN A F L2 [ IR F B SRR E G, SREMH AR M?

o BNRGNEE Z—BH, BERGEBEEN A K4 R # !
o FIANFANE], 7520 e Bt
o EATEREH . PR BRSSO 48 TS Ah 3R P RV B 2817 R 1) R
ex. Little endian: GIF, PC Paintbrush, Microsoft RTF,etc
Big endian: Adobe Photoshop, JPEG, MacPaint, etc
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Alignment(X}5%)

Alignment: Z23REHE B Huhik 2 AH N a2 57 Hihk

o HETHENETAEEE T K — N3 B6440L, T 774G Ay Huhik 4% 5755 ik
¢ HRYRGFXNTT., 7 FAAFHEE, MAALHEES
o BMARKERBIEAFAB, FHMEET
o FIAFXFT (BREFHEEAN320L, #HF T4k
- Pk ARER(IRPIALN0)
- FFHab: 28 B(IRAL40)
- FhTHibE: R
o MNLIBFXIF
Ak FIRES B N U5 AF I E !
(T BB HEHFHARFERA! D
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Alignment(%}5%)
T BRBERIRE: F- K- T - e erens

. inti, short k, double x, char c, short j,......
07T 197 2%7%W 3%

A FR 55 00
04
i 24 2

. &i=0; &k=4; &x=8; &c=16; &j=18;......

07 W 177 277 37

ARRIF 0

X 34\}%ﬁﬂ 04

j: 2N 08

12

0 T AR 16

M. &i=0; &k=4; &x=6; &c=14; &j=15;......
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IR IR 12148 (Error Detect/Correct)

o N ABEHRATEE R E RN S RIE?
WHE. FIREERN, BT EifESgEes TS RESHINESS . fEiE:
(1) Mt BN A G TSN T, ZEraBe. IR, T EREUL B, R
RSP T AR AL
(2) RGBSR RAS R E RS 16, B3 R4 AR,
o WHAHATES R SRR IE ?
o RZXHTIRKE" B, BIRIRHEEERES, BINE T g, X2

3 B AR RR A AL ST
b
A0 M prm—
. N , P’
AR AN M, PO IN M P N
‘L P Ez p” Hﬁfﬁ?
f P~ {1y n >
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B R 2 B
BRI FE
BB AT R BB IR, SEEMBTRAEE RENE 25 , L=t
MIEOAREDP= f (M), X EPHERKAL. SR BRI B AN AR R R — 77 R AL %
S st BR PR B SRE, FOBCR S B R A AR ORI R e E], TR
BEAIAIRE . LSRR BRIV, Sl AR I8 B M 78— A B BRI L P=F (M)
(B K AR R B PER HE S JLE 0P, KR P 55 357 4 ) BE I L P AT S0 .
B, ARIEI B R e T R AE T 2
HAR B 45 50 UL F =R 2 —
© BA RS, ABI0BER R B .
@ RAFIZHS, FEATCAAIRE . SR AR B R R NS, S ERRRUR A% 2
® RIFIRER, ERETATR A, FRMHETARATE, HN, s .

_ HEES
2 a M
Hda N e
iﬁ(ﬁiﬁﬁ)\\l\ﬂ | ey \\M’ J ¢ \\P’:
. 5% oo Bz
BACK f —~—— fEhzi% <
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*

W Fh BR

A2 WY R 2
o METAACEA KT — > F0Y« 15
o PME BB A RS BIAL BTN B A0 P A5 A 8] # - BE B

o —PPREHIRAS TR B B/ N EE B AR O RS EE”, B R R IX A R B

b . “8421" IS ER 2 JL?
2 (0010) F13 (0011) [EJEEEE ML, “8421"tSHIHIMEEE A1,

AR IR AL R T8 B AL R B0 A7 4 S PR HE 71148 2 A

PEEE Steh . AEEREIHIRR (Bd<4)

@ WEEIEdHZFE, NeeRMd-14674E, WEEELF (d-1) /2%,
@ WREEEIHER, NEERId /20048, FHEE4IE (d/2-1) ik,

AR BRI A -
AR . ARG R TR AL SR
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oy R G i

EARBAE. fBin—aREA (EERKAD , KGR IEESEE 2 R KA —&E it
ITFAEEAEIE, SHFBUR BREEAZ IS I A F AR 2 A Y B AR S hr,  FFHEAT —IX
i, KMFRRA, RERBEINZNIRRARE, HERETRETHIR.
SEIRE . RBCKEIEB=b, b, ,...0, b NIFFAARIE B AT FEL TR
#EHB'=b_ b, ..b,'b, s
H— FEIREAKEE (B RRALP.
HRAFRR, WP=b_,eb ,®..eb &b, o1,
KRB, WP=b_,eb ,®..eb &b,
BTb AR EE (B KRRAP .
HRHERR, WP=b ,/eb ,’®.eb eb/ el,
HRAMER, WP=b 'eb ,’®..eb &b/,
B= HEERANKRRAIPY, HRELEHWE LS.
e PAEL SR ZZ 2IKIE AP, NP*=P o P
@ EHP*=1, NIRRLEIEZIBIEE TEHLE.
@ EHP*=0, NIFRRNAE TEEZ B EFHEEREIH.
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TR RS I v 4T

\ 4 ﬁf—i
o . AERRARIEERIL? A
o« tHEEd=2. AEFHERERET, FRNETFEFENAR, WETIHNM
HRIRIALANFE ;. HERBAAR, WEREAHER, HEDEH
PMEIENAR . BETMAERER M TZH 2 DEBHAAR .
o RIEEEEMAMEGRIHRR, ERERXATHMLHE, AN
B, T HBARE K EHRIME, SNEFA M
\ 4 ﬁtf—i
« JFEH/D
o HEHTRE—FIKEMAN, $EHHTFESFEERERET T
e A B IR
R —F W KA R AR, 1A HEERBRE KR, WAL E
H B AR 2D, B DR R A A
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ek BA I B P

A Richard HammingF 1950542 H, HEIEH Z#H .
FEHTHEHRTHEFIRE

EAXREE. TR BN IR RS E N — MR B APRE
WK £, FHEBEBEMERT. WEBEANIE R ES
Bt T4, NeAsiTAN SR, Rt ansEE, A
AR BT E AL, I EHAIE.

o BRI ERE—MEZEFHREN.

JOBLibUN

o HRAWENIZAHITREL REABLGER, HiERTHER,

o XM REERETS B RS R HES (syndrome word) . &

W TREH RS e = A B AR [R]

F—AH—MREAL, KRB ESFTHE!
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1 5o N2 5 H 7

o BEHBIEME N, KIS AKAL, MEEES KA B KA. kAL RSB
ReRAHIRES &R 22K, MRS R —M HEE .
o HRAIEE, NERTERE:
o BIEPIE—ALEE (WFIETRE) )
o KERRE A8 (KFETRE) - 1+n+kFR S L
o o (1MATRE )
TR B2 — AN BT R 45 T EfR R, WInFkD»A 40 2 THILR:
2k=1+n+k, Bl: 2K-1=n+k
o REAR AL AL S B A7 ] (o8 &R
o WERFFLUEH, JFEBHSMEN, READFESFEFENAF AN,
U MIMEREE R Z T URALI6MRES, MEMIBERIAEZ RA
12MTRe (BNMEIRAL AN KREAL) , BN ERsERNEN, —IEF13
o BTLL, FH16FRESRRSLIMBE N2 LH T .
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A3 R N SRS g W87 2 1] ) 9% A

LA B AR XUA A
G/ T A REAE  Emaax  KRREAH e ax

8 4 50 5 62.5
16 5 31.25 6 37.5
32 6 18.75 7 21.875
64 7 10.94 8 12.5
128 8 6.25 9 7.03
256 9 3.52 10 3.91
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HE R A Y 70

o AR BORALAEIRAL LT T NAF A — - n+K IS
¥, BMizFHhE A B E SR FREEEN KRR,
A R B E R S IR — ALK AE T R, FPREHER
KM IE

MR LIRFA AR, 32 LU AR AR5 SUE 7 I 1E
MWL HEEPRAERE0, WRARBAKEHR.
MW2: FHbEFFE B E AN, WRAREA A
—Ar e, AT IE.
M. HEHEFHZANL, NWFRRT DAL,

HAERS 7 i H B B R P I BUER B E . 2 IERT R

28 AL B BA AT
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W RS ) 7 21

CABAL B4 13 4T BN AL A 5 R0 24 85 A 51 U B
B E —ASALEIEM= MM MMM, M,M,M,, FHH N AT AS B A7 K
P=P,P,P,P o HRIEFINB LI MAL LA P — € KN EHE R — D126+
FERLL, B 400000, FNTLH, FIEAFIALE 5000057 M HEE O
, DAL B 5 0001 FF 46 .

FERN2, BMEFRE BAE —AhIN, BRREAFH AL HEE, R, #E
F A EEZ0001, 0010, 0100, 1000PYFh{ELL, FATRXVYFORZ 73 AT
WALPEEP, . Py Pyv PALKAEFIRIEN, B, KIWAIP,. P,y Pyv PN
BN FREFERIEEL. 2. 4. 8fi.

PERNIZ, g EH A2 A8 LR R AR IR A BIEMM ~M R AEFRE L. B
, BHEALM ~M N A3 B FHSS ) 580011(3)~ 0101(5) 0110(6)~ 0111(7).
1001(9)~ 1010(10). 1011(11). 1100(12)fi. BRFGHIHEFA

MMM M.P,M,M.M,P.M.P,P, B F—ANFF, #H_EMFIPRE S FFH

XHE, BEIMEESS=S,S,S,S, &R H A E KX VA REK, FIRHEX
TR Nk RN HAR AT 0 A .
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HE A IR S 43 A DL

MR IR FS,S,S, S KI{E M e WAL i 4H, Dk, AL —E a5 2

VAL lS:b:t—‘—» > 1 4 _—‘Z iéﬂ ‘& M ﬁﬂ %Mltﬂ%: )ﬂUﬂFﬁ?%OOll, Fﬁu
Zgi mﬁé " E'“I\fpﬁzj‘ I\iﬁf\; P?\ﬁﬁfﬁgﬁ e SIS, IS, T A LA .
=¥ MgVl VgVIgE M, V5V P 3VE Fo Py M1 BB BISE2(S,) AMERL(S,) A

. HP A, WWE? FMHE, Nlgnf? P,~0001, JM{ER14
Mg~1100, 37EZR44HAIZE3H

F=l102 |3]4 sle!7]2] olw| 0 - a1

A RS i
34 P1Py | M{P5 My D4Ry MM MAM, 1774567800111
= 440 AW % | 0 ooooooot11td
# 148 | || SIS |0 0011110000l

ol | ||| S [ s [0 ottoott00110
U Y ] s |0 tototototot
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s A IEE Y5 WL v ML

o FHTERUE, BT RARAMENKT (B Rk,
AR EIME B — MR AT
o BEFRFERE (BURRAIPI, fxFMASHHEEHA1)
, WIS BRI AL 5 B AL Z IAIFFAE I R R R
P,=M,®M,®M,®M,eM,

P,=M,®M,®M,®M,®M,
P,=M,®M,®M, M,
P,=M;®M,®M, M,
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RN S RN,

o BUE A SRk A — X B RO R IR R P (1=1,2,3,4)

o BREMABRR AP —RHAEE, A HEUEM , BHRR AP

o IR P 5P BB AT R E, B
$=S§,S,S,S,

o BUESIOMERIE: Tobs. (URRArEE . o EOR R4S

H A S
s M
< 2 1E 45
HmA M M’ P
éﬁ?&iﬁﬂ\\ e | d F b—
| ; A oo BN
f = 1EHdkik x
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v BH B 25451
BE— MM HTEMA: MM, M.M.M,M,M,M,= 01101010, #R#E
B Z K H AN B BEER A A -
P.=M,eM,eM,e M, eM,=0@lele0el=1
P,.=M,eM,eM,®M, ®M,=0@001e1e1=1
P.=M,6M,®M, ®M,=190®1e0=0
P,=M.eM.@M.,®M_=00 1@ 1®0=0
18 5E 1247185 F (MM, M. M.P,M,M,M,P.M. PP, i3 Hi J& F{) &5 SR 2
(1) #IEAIM’=M=01101010, AP ’=P=0011
(2) BEEAIM = 01111010, KEEAIP’’=P=0011
(3) FIEAI M =M=01101010, EHA7P’= 1011
B3R 53 7 75 B2 AP IGO0 B U
(1) BHAIM =M=01101010, KEA7P’=P=0011, Bl: Fr BN #TCE .
XFIER T, BEAM =M, BrlAP’=P, [t S=PeP’=PeP =0000,
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HE A RS 25

(2) HABALM = 01111010, KIEAIP’=P=0011, BP: HHEAL SO (ML)
XAER T, STM A RGHT R ALP A -
P’=MeM,/eM,/eM, oM =0elelelsl=0

P,=MeM,/eM,/ oM, oM, =0000lelel=]
P.,’=M,/eM;”eM,”®eM,=1e01e0=0
P =M.eM/ oM,/ oM,/ =1elele0=1

SH:

4
PR
S=P,"® P,’=001=1
S,=P,”® P,”’=161=0
S,=P,”® P,”’=0®0=0
S,=P,”® P,’=100=1
ARIE MR - B HE 1001, AT DICAIWT HY & AR B8 R A R FE 1262 B - ) 58
100147 (B 259fr), 7EIX—fr EHEFIRRERAIM,, BT LURAS E R,
Ay, REREAREEAL (BP: SESMNERA) BUR BT,
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HE A RS 25

(3) HIEAIM’=M=01101010, KIfIP’= 1011,
B : B IGHD BB AN (P, )4 -
XMELT, BEAM =M, FrLAP’=P, FIHEELSH:
S=P,”® P,”’=1@1=0

S,=P,"® P,”’=1®1=0
S,=P,"® P,”’=0®0=0
S,=P,”® P,’=0@1=1

AR i 5 (I BUEL1000, AT LA & AR SR iR AL R AE 1267 55
FHIZE1000AL(BD: 2B8fr), XN EFFIKRKRWAIP,, Fr
CARLEE IEAE, AR
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B 2 e Ok e B

o HARER (SEC)
o . EFiR(n=8/k=4)¥FIHIEKIILIEREJL?
o fEEd=3. KA, FHFHE—ALHE, WEZAE/DESSHARRA AR,
M2 /D5 I BANIALIN— NI E T3,
o IRIBMESRAE. AERIIRER, M. XHEHIGE RIS, BTEA
PSS AT AL & . XFRIBFRR A 455D (SEC) .
o HHAFEFNRE (SEC-DED)
o MERIHEF R BEE RIS M IE—Or s IBE ST, TUIRR A BR 2 8 0 XSURE
18 (SEC-DED)
o —Y PRGBS AR X MR AL AT AR AR K
o FHEfF FRBASEID S HSEC-DED , NBEFRY KEd=4. A, BFEH
I—i AP, P HEF RS E B ATH, BP:
P.M;M,;MM.P,M,M;M,P.M,P,P,, FHMFHEHIE+ KB &S5 =IMKREK
PEHIAER . NEDIEBERTM, IIM 25 T A8 ARSI, HKA
#WRS5 TWARBRAR AR, P T A KAE:
P.=M,®M,®M,e M, ®M,® M,
YERE—ANBERAL RS RN, BB EAMKRKAL R AT, BrLlLEE A4,
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SEC-DEDHIfu%E / 2450 N

SINPyJG, HMBEFSHBEINT —4AL, BIS=S,S,S,S,S,, MHES,S,S,S,S, MEEIEN,

AT A R BB AL e A IE— 046

@ 24S.S,S,S,S, 4000008}, KB T4

@ HS;S,S;S,S, TN —ALANONY, REItSTaEKIALE LA MERAL K AE T 1R,
BOEAERHR AR AL A AL R R A, B e XA REMEARE /N, B ARG
KT HT—FE L

@ ZS5S,S:S,S, FHMALANORS, RABIEAREAL A WAL RN A, SRR
RERBLXFREEIR, (ECEEME 2P ALEE -

@ =S,S,S;S,S, P H =ALANON, RFF —MEIALKE T HIR, BR=RE
frEES A, BRI REARE AN, T —OA AR E T i —F oL, A,
HASFIAL B B S,S,S,S, MBUETR .

® =S,8,S,S,S, A WAL B AL AR AN NORY, REAHEETEOL™E, REATREH I
b, A ARG R IE A
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/ —
BRI TURG
AR LA AL (Cyclic Redundancy Check) , faj#RCRCHY

- HRGRAIMAEE . 2ltH6e

o AT RMEBRAMAEILEN: SMFNER) T RIZHERR
RIS EERFN PG B I — AR I AL BT B AR ), XA
Rt EAMBIEEATRGN, SN KERNGINTE, THEAEMSERE
F, AR IR BERR AR LR, R B 0 R B 0 il R —
MFRE, BB ER AT AR, K, 8% KXHCRCEITIRE

o B REMBEHEFERE BRI L B A ERR .
AT A S A AN i B R T i AR A2 DA = fE sl O - B A

W 28 BB IR P2 2
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CRCH KK HiE

A

FH AH .

IR I o

o REHATRE KBRS BM) A — I nbL B —BEHIEE, M) ZEBKALE

» A=A i AR B GOOMER, G(x)2Z—k+1ALHK —2E %, A
SRR B KA REG R RAL. XA FFERIMX) KInfz B8 5T, £
A N+KALRIAREE, AR AR TUREE: (CRC ) 4, AR

(n+k,n) 4,

o —PCRCH—E R A E A EERR, BT U B RRE I AL — 28 B35 52

Ja, RECRESZ 2| BEE AR I A7 A AR AR 22 TCAHRR, W RIEGFERR
, RABARERR; GHRAR, NRVREBIRELKE T 5HiRo

Kl (nfir) | B i (kfr)

. CRCH4(n+k A7)
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IR LRI 245
A AR H— MR U B AR SR A AR BT AR
o BRBEALZEMEHEEN: 100011, BIHCZ AN :
M(x)= x5+ x + 1. (5 BAHn=6.
o BAEMERZTRN: GX)=x3+1, MAEKREZHA A, BT
DIRSES 7 7 $ik=3, F&%h 1001,
o AREIAIR, AXx3SM(X)ZEBRELG(x), BF: 100011000--1001.
o FHERERACE 2 125" 12 I BRZE
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TaATUR IS 25

XEM(X)+~G(X)=(x8+ x4 + x3)—(x3 + 1)

100111

1001/100011000
1001

0011
0000

0111
0000

1110
1001

1110
1001

1110
1001

111

(8L 2 BEAL BINE#H A FRGEES, ERER
MR MR EAL R 1L, RZFEELO0 .
N JE AR 2 MR SR 18 B = 5 T LA IR 2L
XA R BUE P REt, B Ja R B B L R
b—fr . XFEBBNREERRAL, I RE
M REBHIM. )

B A7 4111, CRCHS 4100011 111, IR ERLK:
CRCHY, WF#CRCHH R — 2 A AHER, #
KRECHO, WPFHEBATE; FNHEBAEHE. flw, &
e FICRCAG . 4100011 1110}, HE—A%
MAAHRE RECK0. FHHEWITCRCHEA 4100011
1110}, KREMAKNO.
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PN

o IEFEBIEHIRR
o WEHIEARXRBREMRENCA &, FEAIEH
o VUSCFERF: FAASCHIERR
o WF: PFEANE, WFERE. FFHEY
o BHE R
e fiv FH. F (A—EETFK) , KKIMIG.. BARRFRREX
o BARERIFAEHES
o Kim73: FAMSBAEH IR bR R =03 1) bk
o /77 FLSBARBUR ik SRR £ 1 bk
o FIF TR DU IR
o B8 B2 B TR e
o FHERLK: EMNT—F KRR
« MRS 45, FANHAFERE, HTHNFMESEENIRE
s BHILRKE: HAEBEFMIIMEF, G T AMELRIENRE
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fif%: Decimal / Binary (+ / —#3E&1%0)

¢ The decimal number 5836.47 in powers of 10:
5x103+8x102+3x10'+6x10°
+4x101+7x%x102
¢ The binary number 11001 in powers of 2 :
1x24+1x234+0x22 +0x21+1x20
16 + 8 + 0 + 0 + 1 = 25

¢ H—1THESERZE (radix / base)
11001, = 25,

2010-4-5



fff3%: Octal / Hexadecimal (J\ / +7N#k#I%k)

EilElE E'il EE ET El!l E'j- E+ E] EE E! ED n—1 "
v = 2' b;
1/11/11{1/1/0/1{0/0/0/0| = 2000, =
23=8 24=16
nlel sl LU R B
Octal - base 8 Hexadecimal - base 16 H A2 BN 8/ 163k ?
. 0000-0 1000 - 8 _
0011 0001-1 1001-9  8fl6MEIE—saHlRfERD. &
i
010 - 2 0010-2 1010-o 1§ ABAMTEE!
011-3 0011-3 1011-b EATZ EIXT N, FHB]AS
e a1t s TERLENE M, ERRE
PRI £ LSRRI, H Ok 8/161 il

111-7 oi1-7 111-f
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fft3%: Conversions of numbers

(1) RuEEHIE => +HE 52

2B R IT (a power of R)
$i1: (10101.01),=1x2%+1x 22+1x2°+1x22=(21.25),,
12: (307.6)5=3x82+7x8%+6x81=(199.75),,
$i1: (3A. 1),,=3x16*+10x16%+1x161=(58.0625),,
(2) Tt HlE => Rtk

BB 3 AN/ NEER 7399 ) e ik
© #H(integral part)-—-“BRERE, LA TA
@ /M (fractional part)----“ FRFEEEE, A TAH”
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fi¥5%: Decimal to Binary Conversions

f51:(835.6785),,=(1101000011.1011),

B ——BRENR, EATE” N T HEEEE, EETA”
w0 B ", -

g i swe 3w KL R (B
i NS ey B
TE T s R

p 13 1
"% 1 9ELD B (B
: 0 iz
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f512:(835.63),,=(1503.50243...),
R PRERUR, EARAY

fi¥3%: Decimal to Binary Conversions

i
:

530

114

|3

i)
]

(i

2

ont
I=F

NI, L A
A3 AT HEAAR 1) /NI 70 AT AN
200, BERRE NI RUE

063X8=5.04  EIEa=S (Bl
D04X8=032  BHEhn=0
032X3=256  BIED=]
056X 3=443  BEED =4
D45X8=384 BaImbm=1 (Rl
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fft3%: Conversions of numbers

(3) =/)\/ /NS B A L

@ J\ 33 5 el — 3 411 5
(13.724) ;=( 001 011.111 010 100 ),=(1011.1110101),

@ 7SS ek — BE IR
(2B.5E),= (00101011 . 01011110) , = (101011.0101111),

@ kB e ) \ 1
(0.10101) ,= ( 000 . 101 010 ),=(0.52),

@ BB R 7N BE I H
(11001.11) ,=( 0001 1001 .1100 ),=(19.C)
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