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7.2 nsudaaargu
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m a1 lupenfiamefazgnunuAfiesruLiaIguae Tatlsznaudaeiay 0 uaz 1 sl
P a Is (% a @ a | o = 2 o
Wesannmaniamefsrneudiensastiannseiindsine] arusunnieanuuuu il
stluuuresdayaauluiin (Switching) Tsanunsaninauléiies 2 antuz e 1tla (On) waz Ta (Off) A9
winzunnsisruLaaguaean funudsine aelupeniames Tneld 1 wuaouzidle uaz 0
wianustatues  lwinsieazduneiuiaeguuasdiuin ) uingdszanduninndr wenain
WUFIUABIUAT FTLLIATFIUBN U §U 8 vige 51U 16 Aenathunlilunisunudeyalfiduiu dady
\1R9AsiANITULIATEIY NsulauaTgIuAe]  nsAwInAnTaanslfiaeguaes saNBeanITuNUAY

¥

10y ABNUILAETHARNG"]

7.1 SUUALAY

o

ITULALTIU ¢ eAsHiariug e r fa A 0,1,2,3,...-1 éwnsndauelugddtydnsnluny

prasia Ul
N=b,b b .o, bbb, b

Tne b iwarduauinsaiuaiuguresssuuagu r ] wedeuneguianetias
(3EN91 AMUIUAN (Integer part) ArAINAIANALENENGT 1AMA9U (Fraction part) A5 FUULAT
g lunnspeniiames Uszneudae

|25 11424 (Binary) FiAINUFIU 2 Fa e 0,1

wag e (Octal) HiaitugIw 8 fa Ae 0,1,2,3,4,5,6,7

\@25 1AL (Decimal) HiaTiug1W 2 i A 0,1,2,3,4,5,6,7,8,9

125 1AL (Hexadecimal) Hiaziugiu 2 63 Ae 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F

7.2 msuﬂaumgﬁu

naudaaargu rifluiaegudy avinlagiinasmuresnsgaiAiiwin (weight) fulaegur

Tuwsazauwmds TngulnuAazALLaLa A9 A9 7.1 Was 7.2

AL b, b, b, o b, b, b,
72 " | 2| 2 ot | 2t |
18 g | 8" | & g | & | ¢
77110 10" | 10" | 10" 10 | 10" | 10°
51116 16" | 16" | 16" 16" | 16" | 16’

A3 7.1 ANTVINLILANAUMUIIBUATINUIANT U T



PRIV b, | b, | b, o Bty | P
M2 ot 2* | 2° AR
8 g' | 8% | 8° g™ | "
ﬁqu 10 1071 10*2 10*3 10’(!’1’1*1) 1O*m
3116 16" | 167 | 16° 16" | 16"

1979 7.2 AnthmindsranmiumisresatAsdIugu

mmﬂmmmg’m r Lfﬂug'm 10

(3
a

A914 Lﬁ@ﬁmmﬂmmmmm;@m r lafuaagau 10 AaNNNTN A IABNITVINATING 61

ﬁTfJ@ﬁ'Nmumﬂum?LLﬂmLm;w;m 2 Lﬂuﬂm 10 Fialalil

_ n n-1 2 1 0 -1 -2 -m
N=b2"+b 2" +.+b2+b2+b2 +b,2 +b2"+...+b, 2

Fratnei 7.1 awuwlaaaagny (1110), Whiaagiu 10

A8 1110 = 172+ 172%+ 192"+ 0%2°

8+4+2+0
= 14
Fratnei 7.2 asutlaaaagy (.1101), Whisagiu 10

AP0 1101 = 1727+ 17274 02 4 1207

1/2+1/4+0+1/16

0.8125
fasned 7.3 agitlaaage (1234)g uiaagiu 10
389 1234 = 1%8°+2°8+ 3"8'+ 4°8°

= 512+128+24+4

= 668
fasned 7.4 asitlaaagn (432)g uaagiu 10

AN 432 = 478" + 387+ 28"

4/8 + 3/64 + 2/512

0.5507812

fasned 7.5 Asulasagu (3BSD)16LﬂuLm§m 10

al

38 3B3D

316"+ 11*16°+ 316 + 1316

12288 + 2816 +48 + 13

15165



AR 7.6 awudaargu (2B),, Huarg1u 10

216" + 1116~

3397 2B

2/16 + 11/256
= 0.168
miuﬂaumgm 10 Lﬂug'm r

Wesesnisudasanniazgiu 10 uergn r a7 udazesduudn aasnsavinldlaenis
v ' v 3 (= o o‘-ﬂl v A ‘ﬂl % 3 1 = ' z
wisdael r aundazliuamsgavineidu 0 uadnsnld Ae wawildainnismsdagen rineFesainansau

1 fauanalusaatinasa Ui

ARHeN 7.6 awudaaargu (25),, dluaagiu 2

339 2 )25 LAt
2 )12 1 A
2 ) 6 0
2 ) 3 0
2 )1 1
0 1

(25), = (11001)

4

Tudanzesaanation vinldlaenisgauanaiiang i 10 faee r aundiazliuagmgaiinady

|
v A o a

AN 0 WIRAUATUAWMUTAEINIT NaANWSNLS Aa faneafildnsgnilaaEeainuuaans Adaeting

sl

ARt 7.7 asudaaaagau (375),, dwargiu 2

339 375 *
0 750 *

1 500 *

(:375), = (011)



7.3 NNTATUIUTDY Lﬂ“ﬂg’]uﬂﬂﬁ

mimﬂme‘uL@mﬁqumwmé’mﬁumsmmuLamﬁﬁu'ﬁu wFAzdNENINNIEH 4 Nativingiu

NITUINLAAFTIUADY

carry
0O+ 0 =0 0
0O+ 1 =1 0
1+ 0 =1 0
1T+ 1 =20 1

Qziindn 3 natlusnazmilewiunisuaniagway winstigavineazuansinaiu Tag 1+1 Al

ArwinAL 2 lugnudy Wedswdugiuaesde (10), fadu 1+1 = 10 Aelduauanidu 0 uazlisanade 1

'
a 1 v A o

A o o = = . A
LW@Nﬂﬂ?QNﬂUUE]V]'ﬂil‘wf]\'ieﬂf]ﬁlf“ﬂ UUAR carry bit azilALLli 1

U

fadned 7.8 AWnHAANTTa (11100), + (11001),

3391 11 <« (Fwn)
11100+
11001
110101
ﬂ']‘iﬂ‘].ll;ﬂ‘llﬁ'\uﬂ'ﬂﬂ
carry
0-0 =0 0
oO-1 =1 1
1 -0 =0 0
1 -1 =0 0

Az NINUANFNSAINNNTALIATFIUAL An 0-1 HAwiniy 1 Wesanndasassau e

o S a

allun (10), vize (2),, Mnlidangneuwas 0 uasdanguundan 2 Tugudy Wedswly

a

Tiltindanog)
A

slingiuae An 10 - 1 =1 vivalugtinagiu 2 Ae 2 - 1 = 1 daluazliuaauii 1 uaz cary bit Azl

L@ P = A a o a =
mtﬂiﬂ Lu@\?@qﬂﬂﬂqﬁ‘ﬂﬂumﬂﬁiﬂmﬂ%‘ﬂqﬁ"ﬂqqﬂﬂ

FaEnafl 7.9 AWNadWSIes (10101),- (10011),

339 f1 <« (fly)
10101+
10011

00010



7.4 MSUNULATFIUNHLATRINNE

WIRNUIUANAZLTTNOLAIEIATIUIANLAN B uIuaL vizalatAusd luaagudusinayld
nadgwasasnsngauliuthsmuineuandidusiwminay  luansiaadiuuinuanaiaazinig
= dl vy % A 1 al < v dl a U d’l | & v
daueraannguan iiaivizeenalideuild  Wewdausrgudumaiiliduaigiuaes fsesssy
wrasvsne Ao Ui i +1 i +001 vive -1 1w -001 usnsldiATeuanideattivinialgiuasil
mildannsarlldszananals Asdeadasuesamuisuanuazaulveglugilaasas 0 vie 1 o

Ao A o Ny aa aaiaa A ad o X
ﬂqiLLmuL@ﬂlﬁqu@ﬂQWllLﬂﬁ‘@\?ﬂﬂqﬂ@qﬂqﬁ\ﬂﬂqiﬂﬂ@qﬂqﬁ WAENUNN 3 11 ﬂﬁmﬂiﬂu

Sign magnitude

=

3| aalaiu v o a ai o o a dl Y a
L'ﬂmﬁmwmemﬂnm:uul,mgm@umgm qumﬂﬂﬂqi‘ﬂqﬂuﬂﬂWW@ﬂaﬁqﬂN@ﬂﬂLﬂuUﬁ]LL@@N

U Q

| |
Y a a

LATENUNAE (Sign bit) BNDANAY 0 ATUNULATEIMNIELLN WATDRANAY 1 AzunuATeEaay ddudnh

winenvzaleazldunueluszuniaagiuaes (magnitude) Asuanslusaetned 7.10 Tauanuargin

! v 1
a A

asawn 8 Un dsznausan 1 Dadragaidy sign bit uazdanmge 7 Daumuanaiuu A Adidulyl

Iavanuaduiunsdiilme 2° = 256 Aquan ualnd lidunfianfiesanilymiaaenisunudn 0 @1unem
= % = a & A 4 a | o ' a -
daulfaasiuy An +0 way -0 ulunwatinAanfazdadasneaaslAyingy wilun1spaniomes
= o N oa o L e A a Ay e R ) 4

FenszinnisuBauiaudaluiumisfeaiuiiazin  aznuindadragauansneiu aagldnaariaans

Taiwiniu M liFa9a519999 s NLANA R FIA4R LINTTAN +0 LAy -0 Tasienny

AL 7.10  NSUNNIATIIUARSNHLATEIUMNEAIEITUL Sign magnitude

1A WAL A UARIIUNA 8 TR
-127 11111111
-126 11111110
-1 10000001
-0 10000000
+0 0000 00O0OC
+1 00000001
+126 01111110
+127 o111 1111

Ones complement
aa X Y o . . - ° a v v . L A A A gy '
JolarAdneiy sign magnitude Aa Auuadatiugaliilu sign bit deudinfmaeldunudd
% da} =l 1 d‘ 3| o 13 o a 3| 1 o Y . .
faaa  lunsaindunisunuAiiiiuauauay agldnisndudaiiluaAnsaiudn (bitwise complement)

Aawlaauanie 0 1w 1 a1nde 1 18w 0 Awwasslusinedned 7.11 usdsdndelilymiaaanisunua 0

Adulavie +0 waz -0 sauamalufantngd 7.12



A1aeadl 7.11  A9nAN Ones complement 111a 8 Tinvas (-32),,
3891 (+32),,= (0010 0000),
(-32),, = (1101 1111),

AL 7.12  NUNLIATIIUARSNLATENUMNEAIEITLL ones complement

1A WAL 1A UARIUUNA 8 TR
-127 10000000
-126 10000001
-1 11111110
-0 11111111
+0 0000 00O0OC
+1 00000001
+126 01111110
+127 o111 1111

Twos complement

aa X % o a4 o a o v . L A A A gy '

QTUATANANENL ones complement A! mmmmw@mmﬂu sign bit aqudnnuaa l9unuen
o dd‘ [~ 1 dl G| o o v o 1 a v £ U £ o a
saae lunsaidunisunuaniiduaiuauay vasanldnisnauadnudaazfasuandn 1 dhdudanuan
gasae vinldudtlygunresdn 0 WwdeasAupesls Auandlusatngm 7.13 azinlfdniianisn

@ o Y a o oA AN o = = a X \

twos complement 1249 0 fazelaadliAian duAe +0 AAwiniy -0 (Hn1AnTa overflow LNAAU WA b
neaitlazlianla overflow) lufaeeing 7.14 L@AINITUIAT two complement 211A 4 DA189 -5 LAY

Aatig 7.15 UgAINITUNUAIAREaTg A 4 dnlaaldiseun two complement

AAREN9N 7.13  A911AT Twos complement 1117 4 TR (0),,

3391 (+0),, = (0000),
Bitwise complement (1111),

+ 1
(-0),, =(10000),

ARENNN 7.14  a9u1A1 Twos complement 2U1A 4 TR84 (-5),

al

3 (+5),, =(0101),

Bitwise complement (1010,



ARENNT 7.15  NIUMIATIIUARNNNLATEIUNIEAIEITLL twos complement

1A WAL 1A UARITIUNA 4 TR
-8 1000
-7 1001
-6 1010
-5 1011
-4 1110
-3 1101
-2 17110
-1 17111
+0 0000
+1 0001
+2 0010
+3 0011
+4 0100
+5 0101
+6 0110
+7 0111

nsuanlaeldnisunuAidag twos complement i lfiduwnaaiunisunaaguaaialy usdli
o z:i . . ' a A ] =< [ rn:l' vl a ' as
&unm? sign bit duia overflow vi3ald  overflow MuNeDaHAANEN IFRIUNA TR IiUNINIIATRATA
» e - . Y
viseuniiundnawian llunisunuanasgiusedluszuuig)

dmiunisau M llaeldn1suanan twos complement aasiaauidniLsafs TuAe

A-B=A+(-B)

©

ImeMEN19WA30UN overflow Naznnlasail
a ] o o | a Y Ao Aa o a
® nsrll sign bit siaruuan azllfilannaiiia overflow nflfamanindiege (Huawia
= dl 2 Y o o Z// A’l 1 dl A 3| o
Tan 1) WAsnsn AN AuaaluAIAaL

® n3til sign bit wHeawi nezinfulalazwduaAnsaiudig wanadinia overflow

paetalugtl 7.1 uansdumeustariBanesnisuanuazauluszuLnIgIuaesIwIn 4 On

Totsld twos complement uarlugil 7.2 uansinastnaiiuFAnesnate



0010 = 2 0101 = &
+1001 = =7 +1110 = =2
1011 = =5 10011 = 3
(a) M = 2 = 0010 (b)y M =5 = 0101
s =7 =10111 S =2 = 0010
-5 = 1001 —-S = 1110
1011 = =& 0101 = &
+1110 = =2 +0010 = 2
11001 = =7 0111 = 7
(c) M ==t = 1011 (d)y M = 5 = 0101
s =2 = 0010 S =—2 = 1110
-5 = 1110 -5 = 0010
0111 = 7 1010 = —6
+0111 = 7 +1100 = =4
1110 = Overflow 10110 = Overflow
(ey M= 7 = 0111 (f) M = —6 = 1010
S = =7 = 1001 S = 4 = 0100
-5 = 0111 —S = 1100

1001 = —7 1100 = —4
+0101 = 5 +0100 = 4
1110 = =2 10000 = O
(a) (=7) + (+5) (b) (—4) + (+4)
0011 = 3 1100 = —4
+0100 = 4 +1111 = —1
0111 = 7 11011 = =5
(©) (+3) + (+b) (d) (-4 + (-1)
0101 = 5 1001 = =7
+0100 = 4 +1010 = —6
1001 = Owverflow 10011 = Overflow
(&) (+5) + (+4) () (=7) + (-06)

717 7.2 sivegnanisuanavluszuuiagiuaszunn 4 dalaeld twos complement




7.5 SEUUALAUNUSHATDYA

k73 o o

dl a & % o o o L) dl ll
Gﬂag@ﬂﬁmwumuwmmm senaumesiaee Faanee LL@%@L’U@HHMW’N"T V]ﬂi‘tﬂ@ll@%sl,u

o

' v
g o o =K o

° 1% y A ° v W . o o o o
ANRA LASTRYN AN ‘Q\W’]Lﬂuﬁlﬂx‘mﬂ’]iﬂ’muﬁ?ﬂ@ﬂﬂy}@ (Data representation) nldunusadnase

[
A K

(character) wanil dldszunargmuduiReaiunisunuAtazau Inadnassusazivazsiaadanlal

' 1
o

1y sadayannnsiausiaiasnenazunudadnasyldasuyna - ansnsaldunudneslunimm

o

= e . o T o gy o oo &
U7 bLéﬂNLWH\TLL[?]ﬂ’]H’]‘ﬂ\TﬂE]HLV]W%H e I Nnaneszuy Aefaasnemallil

BCD (Binary Coded Decimal)
Lﬂmﬁ@m%izuuL@ﬁugﬂumma‘hmu 6 0m TUNITUNUANENITY 1 Fin ATHAIANNITDLNUAN
fnaeclaviadn 2° = 64 v uileasaniilu 2 dou dauwsnizendn Zone bit G4 2 Tadnage doudan

wiae 4 JaEandn Numeric bit taqtiuliiasldiesaniaruwusiatiasiulyl

EBCDIC (Extended Binary Coded Decimal Interchange Code)

5

(38nd1 Extended A amnsaNAUIuSnasEunUA iaAY 256 (2°) Fo uariAuamiEnEangd

- o . . doa o dya o
Interchange  An  @1x"snwasuutlaspnmangressiagangednassniaiugednascauld  swauia
aanilu 2 dowdwisin Tnaludau Zone bit aziinawiaiu 4 Inlddmiussydndugadnuenimdangy
ot visedydnwniiay doudnfiwas 4 Dadu Numeric bit wlauiusia BCD lusianldszydinag

Tudaadaenasyle sananelumised 7.1

Character Zone bit Numeric bit
AB,CDEFGH,I 1100 0001 - 1001
J K LMNO P QR 1101 0001 - 1001
S,T,UV,WXY,Z 1110 0001 - 1001
0,1,2,3,4,56,7,8,9 1111 0001 - 1001
a,b,c,defgh,i 1000 0001 - 1001
K 1l,mno,p,Qq,r 1001 0001 — 1001
s, t,u, v,w, X, v,z 1010 0001 - 1001
blank, $, ., <, >, (, + 1011 0001 - 1001
& 1% 0100 0001 - 1001
L7 0101 0001 - 1001
WH@ = 0111 0001 - 1001

AN9719% 7.1 Faainggia EBCDIC

AINANIN ATNITOUNBAFLLAY 0 Aaei3ia EBCDIC Taelld 1111 0000 w3afaLat 1 Aae 1111

0001 78 Fadns B WNLA2e 1100 0010

10



ASCII (American Standard Code for International Interchange)

Lﬂmﬁ@ﬁﬁwuméuimmmﬁummgml,l,mmﬁmmwé‘”g@Lsﬁm (ANSI) Henldlunnsdedaya
wuueynsnllanaanadnd nsae “lﬁ'ﬂi“::‘lﬂ'j’]\‘iﬂ@NﬂQLM@fﬁU'ﬂqﬂﬂiﬂﬁuj TugnaBususun e
FTULLATFIUARIRUIU 7 TR TunsunuAnenase 1 6o %qmminLmum@”ﬂwﬂﬁ%\iéu 128 Fin FaNIRS
IFensaaiiat 8 n v lfunuAfintuiduy 256 62 fafetuandluniss 7.2

siautsaanidu 3 doudsenausag

® Control character ludauiildlunisauaumsineuesgtneniuaniua dodusvia
Tudng 0-32

'
o =S

® |ower ASCII L'ﬂum'Qum%l,muﬁq@"ﬂwﬂummﬁqnq‘tf Lmzﬁm@ﬂwmiﬁmj GRISIIERTA

(7

lutag 33-127

® Higher ASCII Lﬂuzﬁ'rgum%l,muﬁq'é“ﬂmsl,ummﬁuj u@muﬁamﬂmm@"\mqw i

Mg Wusialudag 128-256

Dec Hex Char Dec Hex Char Dec Hex Char Dec Hex Char
O 00 ~Null 32 20 Space 64 40 @ 95 50
1 01 Startof heading 33 21 ! 65 41 A 97 61 =&
2 02  Startoftext 34 220" 66 42 B 95 62 b
3 03 Endoftext 35 23 67 43 C 99 83 o
4 04 Endof transmit ie 24§ 68 44 D 100 64 d
5 05 Enguiry 37 25 % 69 45 E 101 g5 e
6 06 Acknowledge 3 26 & 70 46 F 10z 66 £
707 Audble bel 39 27 71 47 G 103 87 g
§ 08 Backspace 40 28 | 72 45 H 104 &8 h
9 09 Horizortal tab 41 29 ) 73 049 I 05 59 i
10 D0A Linefeed 4z EZA * 74 4A J 106 BA ]
11 0OE VYeticaltab 43 2B 4+ 75 4B K 107 EBE k
1z  0OC  Form feed 44 ZC 76 4C L 10 &2 1
13 0D  Carriage return 45 2D - 774D M 1092 &b m
14 OE Shift out 456 ZE . 78 4E N 110 EE n
15 0OF Shiftin 47 ZF / 79 4F O 111 6&F o
16 10 Datslink escape 43 30 0O g0 50 P 112 70 »p
17 11 Device control 1 49 31 1 g1 51 ©Q 113 71 g
18 12 Device control 2 50 32 2 82 52 R 114 72 ¢
19 13 Device control 3 51 33 3 83 53 =5 115 73 =
20 14 Device control 4 52 34 4 54 54 T 116 74 ¢
21 15 HMeq.acknowledge 53 35 &5 85 55 U 117 75 u
22 16 Synchronous ide 54 36 6 ga 56 W 11 76w
23 17 Endtrans. block 55 37 7 g7 57 W 112 77 w
24 18 Cancel 56 38 & g8 58 X 120 78 X
25 12 Endof medium 57 38 9 §9 59 ¥ 121 78 ¥
26 1A Substitution 58 3R 90 5A Z 12z WA =
27 1B Escape 59 3B 91 5B [ 123 7B |
28 1C  File separatar 60 30 < 92 5C 4 124 7C |
29 1D  Group zeparstor &1 3D = 93 5D ] 125 7D}
30 1E Record separator 62 SE > 24 5E * 126 7E ~
31 1F  Unit separator 63 3F 72 95 5F 1z7 TF O

A13799 7.2 fneeinagiia ASCII

11



Unicode
@) o oo X 'S ' 3 = . . A o Y o o

duswaninnunauingesdnsliuatnilsie Unicode consortium iwevinlsisvaiilusinsgiu
duanalfldiunnnisavialan Tnaldsruuiaagiuaesdnuou 16 On lunisunuAdnase 1 fa ATiUAY

Ao o VM R 16 o A& o ° o o o d' , = -
ANI0RAIUIAlAD 2 vide 65,536 9d Taieanad iU nEsluNEIRW 1w Al vive
fu sonvRryAnEdNIAEA] WY dydnwainamdinAians flaqiiulsfuaaaiiasatinamin ssuu
UfjiiAnag sunsndszensd sandanisnistsunsusing dausnnsisiaiuanunisldausia Unicode

Wndaunnn

¥ a [ o al [
7.6 L’ﬂﬂﬂ'\i’aqﬁ’ﬂ\‘luﬂgwﬂlsﬁﬂ‘ﬂF’]Qﬁg

Chapter 9 William Stalling. Computer organization and architecture: designing for performance.

U 2 NMITUNUTRYA 4390 anatinE. lnatstlsznaunisaeuaddilsznatpasiamasuazn.

http://elearning.nectec.or.th/index.php?mod=Courses&op=lesson show&uid=&cid=47&lid=363&sid

=&eid=&page=1
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