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.~nluAiau 
NUMBER SYSTEM 



mdaiq (Laplace) < n i n ~ f i ~ ~ ~ ~ ~ ~ ~ ~ 6 1 " I I D d ~ : ~ ~ ~ l ~ a ~ ~ l ~ f l ~  (decimal number system) 

d ~ 4 %  ~IR ~ 1 ~ 6  

lmunsid mi r~.uliarnndwuds:nau~auimlurrua~~rra:r~u~u~u rnr i .und in r4u 
+ndl~.uaai'~a"n&rluud i i i ' ~ m w j i  LAY 2 ds:nau6~~Qmrru?ui]uaa~Sm lnu$ 
ra"ubniar4utsY~a~BnaIu~aos rduusn ira:mu 3 dsznou6aurddurru?uauniu rfiu 
wiaa6?i?uraui~adu ra.ulsrjur4u$?adi.~dkaa.~ raudla'r~u$uyiudiws"udia ray 

Ikrri I (I). 11 (2). 111 (3). IV (4). V (5). VI (6). X (10). L (50). C ( I O O ) . ~  D (1000). ~ ~ 1 3 3  

(IU*W)), C C C I ~ ~  1~~~~4im"11lsljUr4unisuanriiIdrdu 111 AD I + I + I LLR: 

xxv An x + x + v ~a"nwSi;,"bwai flkrri x. c. M, rfIuKu) l$&~r4uiiu?uciiu1n 
$u c%~.!u v lQrnu 11111 naiud16q.u~~0ii~~~i~.u~;ldia1n.uTsCuiia iYqa"nwSi;,dia~& 
il:rii~~vl~arnawa"d~y~n~~~ndia~d~ du IV = 4 rbd VI = 6 nis6iuamAus:uu 

t: G raalsaiuuurdunaia~sw:adi.~d;lil:du~&ilindiaadi~rdu nispm xi1 6au XIV 

Cnnfinninairiau 7 ~n~d61~"bos"b+fE@h (abacus) wians:muCu (counting boards) 
r d  o, rrEi?nllnwaEiwan~na"uair~u~drruu~a~adsCu il:ms(iiu?~6?uns:miwAuna 

fi ~ $ ~ i $ i ) d % ~ ~ D ~ a ~ ~ M d d d l ~ ~ i l  ~ ~ a ~ d ~ i $ i ) d l d i  L R T ~ L ~ M ~ M  fl?18fl1~13tld 

il:i-~rfiudiuu?n rra:emi~r?n~ilisrui4ir4ude;ldds:n.unnadib~ild~"b~st; diw<u 
oisuassadCu~isn q 

A a 
hkmnjuvludna E7rya"nw&hwiu rau o wiuhhins:uu rnst is~ut d n n ~  

j1%11~ldd w L$LI (Mesopotamians) ~ i i I i l i ~ ~ ~ ~ f t . ~ i ~ d  0 L L ~ Y $ T U U U ~ ~ ~ ~ M  ~ d f 8 " #  
W l  P 

i'qja"nw& 60 6'7 s~uud~nunr~nlusia 1700 ~riawniamniaua~ion%wnrmaaCuil: 
kn~a$fi~n~6wurfiufiuds:<n&uiu~uil~~1~'ufimia rdu 60 5uifllu 1 uiR 60 uifl 



2.2 ~suu6kn"u 
Number System 

~:uufi~ns~~uueiia q 1A~ri 
Y 

3:UU LW?lqlu 16 (Hexadecimal number system) dT:n~¶J62fJ LEIBWU~~U 16 62 I[$ 
~ ~ n ~ 6 0 , 1 . 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , ~ , ~ , ~ , ~ , ~ , ~  

T:¶J¶JLB%$lU 12 (Duodecimal number system) 1kLri 0. 1.2.3. 4,5, 6. 7. 8.9, a. f3 

Ao~iiarmo~s~uuta"~~~iu 12 aildu16'luuiblni &un:*m b a ~ ~ a m s n  
2i 

3:uumajiu l o  (Decimal number system) ~L~~UWUJIU 10 6 2  AD 0. 1. 2. 3. 4, 5. 

6 ,  7, 8, 9 

TYUULaBgIU 9 (Naval number system) d T ~ f l ~ ~ 6 2 ~ ~ 2 1 ~ ~ 1  0. 1 ,  2. 3. 4, 5, 6 .  7, 8 
a 

T : ~ ~ ~ ~ ~ l u  8 (Octal number system) G ~ ~ L E I B W U ~ I U  0, 1. 2, 3. 4. 5 ,  6, 7 
a 

T:u¶JL~TlfllU 7 (Septary number system) y6bL.d G ~ L ~ P I W U ~ I U  0, 1. 2. 3. 4, 5. 6 

T$UULaB91U 5 (Quinary number system) dTln0~62~62Lilll 5 U. 1. 2. 3. 4 

5:uu ~ a a j i u  s ~ai~aiuIuw2n~asfi lar (Eskimos) ~~a :Bu~~~u Iuaw3n i  L& 

3:uuLarjiu 4 (Quatary number system) d~:nauii?u62~a~ 4 62 {E l  0. 1,2. 3 

TYUULtlTI'CJlU 3 (Ternary number system) ~ T ~ ~ O U ~ ~ U A L ~ V L I  3 62i?A~ 0. 1. 2 
a 

T:UUL?3UQlU 2 (Binary number system) innawugiu 2 h Aa 0. 1 

~:uunimuiI[.6"1usruu~~maa~a xuuLnugiu 16 giu l o  giu 8 TYYULRTI 

2.3 I I ~ U U ~ ~ S I ~ I S ~ U ~ ~ U  
Decimal Number System 

1,nil:~Gun2ium W I ~ L L ~ ~ C ) ~ I ~ ~ ~ I U ' I I ~ ~ S : W ~  L~PJIU 10 vaa~n41 L ~ & L ~ U L ~ O J  
a 

d~u62L~BW~glu l o  c i ? ~ ~ : T : ~ i l ~ n ~ ~ ~ % ~ ~ l b b 9 A ~ d  (positional notation system) LLWU 
91 ~ ~ Y G ~ ~ ~ u I u L Q u ~ ~ ~ K ~ Y & ~ u  i n  nisduuiiu~uva~~ns:G~a"n~aji62rii nix 

Y Y di di?umawujiuGd l o  cri? ~du 0, I. 2. 3. .... 9 ificii7F1a o ~IUEGIUL~PIWU~IU W D L R P I ~ ~  

~~uf i~~n inwiaa~~:uu~a~a~di?Aa  0. 1. 2. 3. 4. 5. 6, 7. 8. 9 ~iiu?uiuinn<i 9 fiuu166~u 
Y f i c i i t ia  1 miu62umawugiu$d l o  3a161,3u lo. 11. 12.13. .... 19 njiuiiwuiuinrrji 19 

finis fitlu1n"lnu i d ~ u u ~ c i i ~ ! ? ~  2 L L ~ ~ I U ~ ~ E I  LFIPI~U jiuw"a2u~n3d ~3'1.6 20, 21, 22, 
2 6 W  .... 29 d1~%4iu~udarinn<iu n l [ a ~ 6 ' n n u u  1~16 30.31. ... 99. loo, 101, 



a a ~ l n r r i i i u ? u  478 ~9u6~riaw1.s (4 x loo) + (7 x lo) + 8 7slhniyAa di 
aa~u~a:62iaa (digit) b j 9 l m ( l ~ n ~ l l i l ( i 9 ~ ~ 9 ~ ~  $?ll(il.~ldu 2 'Lu 2,000 ddldlil~h 
2 'Lu 20 49 ~¶~nm~~'n~~ui(Idll~1n9ii~d6ae~i~m~i naaGu icuari8u $7 raaIuni~i 

d v u  i!uu-adudaniimwrjslinua ~ d u  3s-697 diudi ~ U M U U M ~ W U M ~ ~ ~ O L ~ ~ ~ ~ E ~ L ~ ~  

darniiiu?& 1 Iuiaajiu8u L ~ W  407128 ~ ~ ~ ~ ( i l n s o u s s u i u ' b ~ m ~ s : : ~ ~  
sl~~$llM"nd3~~1611~~(i9 K ~ M  

407128 = 4 x  i d  + ox lo4 + 7 x  lo3 + i x  lo2 + 2 x  lo1 + 8 x  lo0 

h;aiiu?uifiuIuraajiu8u N &i$3iaa n 6 ~inwau?nrm~t!Iad~z& 
Y QIlSd~1lM"n (weighted coefficients) :- 

lmu a. I 8 a d i r d s : i n  loi 
d A t ! I ~ ~ d l ~ ; l ~ l l l M ~ ~ ~ ~ ~ ? i ~ ~ ~  (representation) (iaaa9nunl.i (2.1) h lMsa9-  

~snuuam~a:$i~M"n~nn:ri njiiu-adh' 

di?~ivuaa~diwunjluaunis (2.2) in?iuirhiirim lo  nmssa 3:uuiaugiu 
F I ~  & ~ t ~ r y n ~ d ~ i i a ~ ( i ~ i . d u d  I6~"unininruiImuqiafiuq (Hindus) 'Lun-r nons.nt 

s unzqnrii h~m.ruassu61:?"u61n~mu%iaai~~ (Arabs) $dLfiut!Iw$nwd 0 LG 
' b d 6 ~  

~u (b M% ~a.~xuudFi ~~Gu iU j i  6 akuquaa~ mviw 7 'Lumuih m 



Laqlu 10 rasL3 
n i s ~ ~ u u ~ u n ~ s k ~ d u # ~ ~ ~ ~ ~ d u " ~ a ~ ~ ~ u ~ u ~ n ] ~ ~ ~ u a u ~ e l w ~ u  (fractional numkrs) 

(decimal 

point) d~~%?~uud/?~a~ 
31~1~1 qiun41 ?ajlU (radix dint) ImuGaI~~~~ci~raai~uao.b~el ' i~~auIm q nr red 

d A "  sruuiaqlu r M& m a m  ma /m nadvnj?mglu s~~ilu 

i1u?u~el8daulrn 7 niodundvi\u?uwnu (mixed number) 7 B~ii (n+m) h ~ a a  
h91u r 

N = Nr + nr = [a,,- /r)'-' +... + a,, (r)" + a _ ,  (r)-I +...+ a-m (r)-'"Ir 



Decimal Binary Octal Hexadecimal 

0 0 , 0 0 
1 1 1 1 
2 10 2 2 
3 I 1  . 3 3 
4 loo 4 4 
5 101 5 5 
6 110 6 6 
7 111 7 7 
8 1 OOO 10 ' 8 
9 loo 1 11 9 

10 1010 12 A 
11 101 1 13 B 
12 1 lo() 14 C 
13 11111 15 D 
14 1110 16 E 
15 11 11 17 F 
16 l(XXW) 20 10 
17 10()01 2 1 11 
IS 1 o o I O  22 12 
19 1001 1 23 13 
20 10100 24 14 

32 10000() 40 20 
50 110010 62 32 
60 111100 74 3C 
64 10000(30 100 40 

100 1100100 144 64 
255 11111111 377 FF 

lO(l0 1111101000 1750 3E8 



Binary Number System 

~n7slj&i 17 Uln~fim~lian~%l7~uss~u.%s nsn~lmud ~ R L ~ U  Ylau %find 
(Gottfried Wilhelm von Leibnir) L ~ w ~ ~ ~ E ] R ~ u s : u u L ~ Y ~ ~ u ~ o ~  $d$ 2 L~UPU 13 

6 u X  
i~qjodanudt6u.1 o ua: 1 ~uils?uirAinennaur;i?~nasasi~uuui1Geii~Qu~iu6~~ 
st.uu~augiu-aa~~is~:uusGa~iuaa~ Ziadaul3u~ntaa$I~duiiLn~a~~nsluawinn 
~ ~ ~ n t l ~ i d f i i v i i d i ~ 6 7  UTVUU L M A ~  

q d n d ~ u l i u ~ u n a a r f i a ~ a ~ i ~ ~ ~ n ~ ~ a r  6s %.ad (relays) L L ~ : & G I ~  (switches) $d 

ijmniiaiu~3u~iuaadbmuns4u~iG nd19n'a f inAaian (on) B~ms~n"~iaa~iuaaa~a 1 

Ailn knsar iu~aa~ iuasa~a  o ?dnshdss~dad6u1u9uflaufiabasi~~1~i~u~a 
n m d a ~ n a i  (transistors) ~du~$u;6uffliilu?n;~~a:bws~"~6 ti?un7iu~Baiia!6~La: 
Ml~!6~~dil4~naanuuula'~n~na~a~~n'i~~~aii~us:n'is~alii~:lnani~:ndjlu 
i3'sddnl'l:Yodakn'a 6lfl3ELLa (conducting ; I )  M ~ ~ ! ~ ~ ~ ~ s : L L R  (non-conducting : 0) mix 
a~~iunhunB~~du~sii lwu~n"Lu~ase,!Ylf l i4~l~ 2 ama:iduriu:a n i i d  (1) 14% 

6' (0) ~:i luih ~auuu1n~dnad1~~d~as:il~l~au~iuaa~~~~~%n1~q~6~~a"adi ~?Iu~smdi@ 
aa:!ds~3n'sniwpa~mdi~?'~nis~8n'~lb~~a~4ns 

dnd d 

~ I W U L ~ ~ U ~ : ~ ~ ~ Y ~ ~ U ~ J " U ~ ~ L Y U U ~ U L ~ ~ ~ T ~ U ~ ~ U ~ U L ~ ~ ~ ~ ~ : ~ ~ L ~ ~ ~ ~ U ~ ~ U  
9 , A  4 -  a A d ,  

dna'iaanoaanaarma~i niar&-auiaawuj~u idu iaajiuaaa i s  6kisn saum~iuufiu 
x 

~aujiufiu o 8.1 i s  ~1:$Gi?Gi L L ~ :  invwu3iu6a~ 



a B iiiioddrnmiia mapunad 16 ihrrsn isu6auhrnarmuv n r i m  4 ~ 5 n  M% 4 im 
(bit uiwndiii binary digitJ ~ ~ l ~ ~ & ~ ~ ~ l d ~ ~ l ~ ~ ~ ~ ~ ~ d ~ ~ 9 1 ~ 1 ~ ~ ~ ~ ~ L 0 i ~ : : ~ l ~ 7 ~ ~ ~  

maAuyiulariIuI6ir~ua o iiu 1 ~n'iiu hma~~m~oao~~na~iunaaus ina i iuauAa 
cri?liib~rrdz~~duuIddau q uannnddini~siia~madairuoiium~sii~ q aoviiuau 
maliunm"k~~mndiadu~6uan'u~u5::uu inugiuilu8a h tar Aa?dirr~k3iuqm 
aaa&uauma~m 7 1 8 ~  muAiu'ud16~uinAgn (most significant digit (bit) I%Ya daji 

dd u 
rnsd M?D msb) hlaada~0ii~(n(iaaaiqmao~4iuau~na~m 7 L ~ U L R V W U U U ~ ~ ~ ~ ~ [ ~ U ~ Q ~  

(least significant digit (bit) h 7 ! l  lsd M?El lsb) ldu rjlu?~~El?.l (101 1 lo), 6 1 ddEld%u~El 
qmrfh.4 msb LR:G 0 d t a ~ l 3 l h q V l  lih.4 lsb L ~ u & ~  



w i n a  2.2 i i ~ ~ n 1 u . i : ~ ~  ~ n ~ i u r n  ~.~uuriiriudiai(nlus:uu ~nrjiuau 

\ 
(a) Binary (b) Decimal 

Gcc Y ~du~ia3iiusruu~nrjiu3u s r u u ~ n r ~ i u n a a n u u i ~ n a ~ m m ~ o a a ~ a  
0 La: I ~ I ~ ~ I L . L . M ~ ~ ~ ~ J ~ ~ ~ D ~ ~ ~ ~ ~ ~ ~ U L ~ ~ ~ ~ ~ S ~ ~ J ~ ~ M ~ ~ ~ ( ~ ~ ~ ~ ~ ~ ~ M ~ ~  L.Vd~~~lL.L.M~a 

uaaGuqi(i~udi~%~i::ua~ 2" da n dnjiuqudu 0.1.2.3. ... onna 2.2 uicna6inCn 
d A "  w d5rs'iii~.~.~ridusruv ~auyuflaa naryuQ 8au~1?~ae%suana$i ~.flugiuarl.r 

& ~ i ? a u ~ ~ ~ a a ~ ~ n C n d s x i ~ ~ ~ ~ m r i ~ d ~ a a n ' ~ ~ n i s ~ u l n a ~ n ~ ~ i u n a ~ ~ ~ u ~ n r g ~ u ~ u  
nKii?nffaia iium~~~~1ni1u~umuj1u~uaan~ilud1onu~i~Cn~a~Gu~~l&n~1~~7" 
u ~ ~ l u M i i a  2.3 ~ u 1 o n . n u i 1 ~ i r n 1 ~ ~ ~ ~ n ~ ~ n ~ ~ 1 u ~ a ~ ~ 4 ~ ~ n u ~ 1 u ~ u l f l Q a u n 1  (2.1) 

nia (2.4) M%I (2.5) L . L & L . L ~ ~ . I ~  T(ileij ai ~ a i h ~ a u  o M% I 48 (U 'iii~~nri~41.1 1 Iu 
d X r  iiu3w~nugiu 2ln 7 r ~n~nu~iu~alununa 2 unr i Auhunri~Sauaa 2 $uaJ6u 

~ I L L M ~ ~ ~ ~ ~ V ~ ~ I U R ~ J  (binary point) L ~ ~ ~ M ~ ~ ~ I ~ ~ L ~ ~ I ~ J O U " ~ ~  fild~5:~~I,i3'dgl~~~ 

fiun?nZ;ii ~~ln+6iou I 



2-" - 
180 
0.6 
0.26 
0.1 25 
0.062 
0.031 
0.01 5 
0.007 
0.003 
e00l 
a m  
0.000 
0.000 
0.000 
aooo 
0.000 
0.000 
WOO 
O W 0  
aooo 
0.000 
0.000 
0.m 
0.000 
O W 0  
0.000 
0.000 
a000 
0.000 
0.000 
OdOO 
0,000 
Q000 
a000 
0.000 
0.000 
0.000 



~~bii~adaamuliuaaJd~fluiiu?uddd~~uina3iu~fl~n~~~d9 Gsnii it 
67~ $3-LbfllJ Lfh (double-dabble) ~ $ 8  mYfi ic8LLa:¶J7n (double-and-add) Y 196141 b$flnil 
nd a 

~IGW L ~ ~ ~ - P I D ' L I L ~ ~ ~  (dibble-dobble) ~ f l ~ ~ ~ ~ 4 ~ l l ~ U 6 ~ i U d ~ ~ b ~ 4 n ~ 1 9 ~ 1 ~ ~ 0 ~ ~  (rnsb) 
d, d( Lai 2 q ~ ~ ~ w u ~ ~ g ~ u ? n f i f l ~ ~ d  2 final ' I + ~ I F ~ I ~ ~ ~ u I ~ N ~ ~ u  2 L L & U ? ~ L $ I T ~ U O W ~  3 fh 

UI ~nn$~'I+ii~i i ! l6qw6au 2 ~ ~ h r a n ~ i n f i u 0 ~ 1 6  4 6m~1 ~ I L G U ? ~ ~ I S L P I U ~ ~ ~ L ~ O ~  7 
A c ~lufi~Gnqnfiiurna~aida  IS^) ~ ~ ~ d u G w ~ ' I + i i ~ d ~ ~ n n " ~ 1 w a ~ ~ ~ a a ~ w ~ a u " ~ 1 s a " i f i ~ l  2 



diaci1.r 2.5 9.ju~da.j 1 1 0 1 1 1 1 ~  l~r9uraqiui?v 
- 4  0 anwi - fw~isn3iuia ;a msb %: 

= 10100012 QlbU - 
diniu mupui3ui~u~u t iuddauimln~ ni ' indadfi~~urar~iuf ia~63 u?C 

+i~uuddau+1.j~:a~nan'nldfi::m3n ~ d ~ l n i s d n l d d r r n u ~ o  J~i iu~uraagiui lu 
d u d4i~~nisu1.~n.jui~1563u 2 l d d a ~ 7  wiauriu rfiu rfiwnlmil~nni'ini'ild ha u 7 rawd 

l ~ ~ i n r n s n i s n b ~ r n : ~ u   IS^ i d i ~ ~ n 2 ~  ~filmh[6q1nn1~1sns"~~nIdi3:iGi~~'n 
x A riiuau~sau 7 ~ 9 %  21, 22, . . . 3uft.j imdhtni1nni~1~nr"~qnfi1uil~;4u msb jidiniin 

d w pqnam ~argiuaa~nlnqinni5~idn.j mapui3u$u q 



l s 2  = O  1 26 (msb) 

t: d d u 5duuauu~a~a~n1-r~1fG~~6idi~~3inn'1~!m ( $ ~ L ~ ~ L ~ w w I ~ ~ I ~ ~ I ~ I s c I ~ " ~  
d w qmfiu) ~31.4 msb ~ U + ~ J P J U S U ~ ~ P U U ~ ~  (4d~ilu~aIWi[m~1nnis~15nS"d~~sn) L ~ U   IS^ 

loo,,, = 1100100~  tau - 

nis ua:Laaaadnimi.r n n  6 d ~ ~ ~ ~ l r a ~ d m 3 ~ 1 ~ ~ 1 r " d ~ ~ n " i ~ ~ d i l ~  

%u$aqmw8~ msb ~ i ~ d i 6 ~ ~ ~ 1 ~ ~ 6 ~ ~ ~ a . j n i m 1 ~ n r " . ~ ~ ~ m $ . j a ~ m i i a ~ m ~ : ~ ~ u  kb 

n.rriid r n r 3 ~ u ~ u d l . s n i m ~ d w  ~9u~aa~unn~dulu'ld~iu~u~da~~61'~8u~na 
zfqu (via AuniinaQou) i~ni.iuda~n.rrvi~I~mu ~ a i  L ~ " P I ~ ~ U ~ L I ~ " U  7 p i ? u  2 I d  
kau 7 ~ ~ 6 ~ ~ i i ~ i 1 ~ ~ ~ d u n i j i ~ ~ m ~ ~ u s ] ~ l 6 ~ 1 n n i ~ ~ m ~ n n s " . j  ~ ~ 1 u n ? i a i i [ u n i 3 q ~  

d r kueinfdi 2 ~::~8unaRuun~~no~1nn~s~ii~i1u~u~du~~6~ ?ru6+au 2 4iuqu~AuA 
c r d u  I ~ q i n n i ~ q r u n k ~ n n ~ : ~ ~ ~  msb i id in~n  2-1 i ~ u ~ u w u n \ m ~ ~ n n i ~ ~ m n s " ~ ~ a  IIIJ 

~:iid~vIrnrinam~kuldShr 2-2. r3, ... ~~d16~~Idsuii~iiu+au~As]~~~1nni~~ruii.jnr"~ 

\ 

'\ 

hot i i r  2.8 Q J M I ~ ~  x 304 1 2 3 ~ ~  = 3 
- 4  0 aani 61 

1 

t 

o 
1 

3 

1 

1 

1 

123 7 

1 

+2 
LfiW 

15 

0 

30 

1 



- 
wnqrwrme~ mugiuluiiu2ulai tiufiuasa~~zi., niqz m'u4iu2u~4uri 6~dulum~qru 

d d nbdn 7 'bdn"r i~u~:~~ums~~una~au~~u~u4~uau'bd~~u (nnf uar) nana~Gmin 
c i  n/ ~8uiiu~u~8;IJ~dua"an'uaod n'imnuw'bmila 6udn'i6uqin<iuau~dunS"at~5 14u msb 

msb Isb 



Octal Number System 

n~iulain:n~nnrii~~~~luni~'I~~~~~iuaa~~~wuin~a ~iaunnnuaz8tmiida 
auin~u~uu'nciaui i~rnn ~a~du~udoi1ail"nI~ihul~.i::u~~~1~~iuQu$~iluriinj 
and 2 ~dusz~u~aq~ iu~~dad\1 i in  2' = 8 l # 8 w 5 n ~ & a a d ~ n ~ ~ ~ I S i i u  8 %An o, I .  2. 3. 

4, 5. 6. 7 di~~cii~~inn~id'I~~~nni.i1~uu~duc~u~n"u~aa~iu8u un:Siunnd :a 
~dAuuhr i i ld~~kniu6~uma~u~iu  qmim 2.4 



1myu~~dm~fl~6~aonnau~~woi~mlu IBM 7090 iifinouk~woi DEC P D P ~  

~~n:IJn.mouda ~ o l o ~ ~ w ~ ~ ~ a a ~ i u u d ~ d i ~ ~ u n i ~ ~ 6 i ~ f i u ~ i u ~ u ~ n - ~ o i n ' ~ n  ~danaiu 
diu~ra:ols4 

~ a a ~ i u ~ d m  N~ d i I i i u a u d ~  n ~Ein iiuaulrirbiu m ~R'n~iuisnduuuuu 
1 u hfilutjiun (polynomial) n k u n n 4 n ~ t m ~ i u ~ u  7 1641 

Decimal Octal 
.lo' lo0 8' 8' 

51 63 
52 64 
53 65 
54 66 
55 67 
56 70 
57 71 
58 72 
59 73 
60 74 
61 75 
62 76 
63 77 
64 100 

Decimal Octal 
10' lo0 8' 8' 

34 42 
35 43 
36 44 
37 45 
38 46 
39 47 
40 50 
4 1 51 
42 52 
43 53 
44 54 
45 55 
46 56 
47 57 
48 60 
49 61 
50 62 

Decimal Octal 
10' lo0 8' 8' 

00 00 
01 01 
02 02 
03 03 
04 04 
05 05 
06 06 
07 07 
08 10 
0 9 ,  11 
10 12 
11 13 
12 14 
13 15 
14 16 
15 17 
16 20 

Decimal Octal 
10' lo0 8' 8' 

17 2 1 
18 22 
19 23 
20 24 
2 1 25 
22 26 
23 27 
24 30 
25 3 1 
26 32 
27 33 
28 34 
29 35 
30 36 
3 1 37 
32 40 
33 41 







nis~~dna magiunddQ15w ~aapu~~dm ~iahrnan5un'u~nJna ~n"~~giu~~dm\M" 
~h~aagiuf4aa fin~n?iun&d~ot6u8 ndi.rAafiihani~~dnd~aagiudaalM"~5~ 
magiu~~dm i i & n j u l a a p i u d a ~ ~ u ~ ~ u ~ ~ ~ a : :  3 cn ku~u~in?~lyiudaa~iru~n'n 
~aa~iuamJG1~5uiiu~udui~n~uT~udtllu'~ilinC~~aaAa$~~lrill~mpiune.~ u'uld 

A P d s  ma%da:: 3 fw aunamw~du msb Ki$laifia 3 i i w  lM"~6u~nsl ol%a~filQmm 3 fin 
~na~iu~a~dr3uiiu~ulitu<mnq'ulnuliuciu~inCa~na~a$~mflu~m~~~aaiiuld 
mramffas 3 On Kin juqmflium~a?ifildfl5fl3 ~ v i l i ~ i u  ola"#7afiiu?unsu 3 On 

t: d ainuu~auuma~u~dmn"~~uu ~n'in'u~n9)~udad~~dn::nu hn%nim~daa~rwpiuilh 
~flumay,udaa ns::viilmo iuu~aayuflaamim 3 ~ n d  $uu~n'ifl~ ~asl~iu~~dm~~dn::~n'n 

(Fl) 101 1010.0101 , 

uii?Tmniju q a:: 3 fin 16~flu oio 001 110 udasnju!~nagiun~dmd~n"u~ 
L ~ l n ' ~ L h . 4  2 1 6 

I 

Ried1.r 2.17 s a r ~ d a a ~ a a g i r u ~ ~ n d a ~ d ~ ~ d u ~ n ~ ~ ~ u d a a  
(n) 5170 

?&I 

(n) 5170, dou~nagiunoaauisl 3 lindia5u~~da:~~ninaaa~n~piu~~rlm~~6~iru 
101 001 111 ooo2 BllU 

(9) .43526, = .1QO 011 101 010 1102 BlLU 

(Fl) 35.0078 = 01 1 101.000 000 1112 Blm2.U 



2.6 ~ ~ U U 6 8 1 1 6 1 l d d U ~ f l  
~exndecim~l Number System 

~ : u u L ~ ' P ~ ~ u ~ I ~ M ~ \ ~ ~ u c ~ o N ~ L B I ~ ] ~  IBM System 360. IBM System 370. IBM 1130. 

Honeywell 200. RCA Spectra 70. NOVA. PDP-11 L L R : : \ ~ ~ R D ~ ~ ~ L S ~ & ~ ~ U \ M ~  R ~ ~ l l k # a i  

w7n6i;j;nri7un7iui1d~::nau&7un~~6i (word) aa.sma~g~unoc auim t3 On driunil 
h r f  (byte) 



mag1ut4urnn N,, & P $ ~ u ? u L ~ ~  n mi5n ~ilu?u\idu m 6clh irdiw1~5q~nq 

6 ~ a u n n  

N ~ 6  = an- I (16)"-' + an-2 (16)"-' +...+ a, (16)' + a,, (16)" + a _ ,  (16)-' +...+ 
a-m ( 1 6 ) - ~  



2.6.2 mrltdo~i~ug~wiiuidulnslgiuiiuno 
z i i ~ i u  ma~iduiiu?u~8ul09"roi I s b ~ i s f i o u  7 uEi? r~u~flwaoanisw75~~61 

n-nfa mwaanis~isn&rrsn~ilu  IS^ Lj~adi6u~~fi~~flw~~niswisnfaq~1w"iu 8u 
msd L L R ~ ~ M ' ~  q~piu8~5iuauYd b~~~"bflb~l1 1 6!uBNdElu 7 ~ r ~ ~ ~ u i i u ? u d u ~ a ~ n i s q m  
L~da-nG iiu?uduaaaniscJrun~arrsn~au msd i 6 i l n ~ n  16-I hu?u&uaaarnscJm 
ntaoin Y~~laijiiwrina~1w&uaaYs~~~u 16-*, 1 6 - ~ ,  . .. 

J 

A. INTEGER C O N V E R S I O N  EXAMPLE: 2322,, is 
8192,,, + 768,, + 32,,, + 2,, 
n 89940. H 

E 
X DEC 

H 
E 
X DEC 

Hexadecimal 
Pos~tions 

I 

8. F R A C T I O N A L  C O N V E R S l O N  

H 
E 
X OEC - 
0 0 
I I  
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
A 10 
B I I  
C I2 
D 13 
E 14 
F I 5  



(n) 1978 t 16 

123 c 16 

7 t 16 

.05 X 16 

.80 x 16 

"28 x 16 

.48 x 16 

.68 X 16 

1978.05 



BINARY HEXADECIMAL DECIMAL 



sr?o614 2.21 ~~ i idn~ma~ iuaaado~r ld~u~~3a~ iu8u~n  
(n) 1 1 1 loolol 1o.oloiol 

(9) 100010()1.1110001 
4 4  0 

2 . 1  (n) i i 1 i w i o i  io.oioloi, = 0 1  1 1  1001 01 lo.olo1 o l w  

= 796.54,, OlbU 

(91) 1m1oo1.1110001 = icwn) itw)i.iiio c w ~ i o  

= 89.E2,, Vl+lfl 

2.7 n i ~ i i d ~ ~ i n w ~ i ~ l ~  a 7 
Number Base Conversion 

A d &  
~:nEii~Aj?Ovi? 7 ~ d 9 1 ~ J n i 5 k d n ~ ~ a 9 1 i i ~ 7 ~ ~ ~ ~ ~ ~ u ~ i u ~ f l ~ 5 : f ] f ] ~ d J ~ w " k 4 ~  

maIu3iutn5:uu~d~ 

iLun 2 $ J L ~ U ~ ~ N + U ~ ~ J W P ~  (term) j iu~uh8u (s- 1 )  w ~ d a a n u i h ~ u a n ~ : ~ M i  

NIO (B~u?uL&J) = 2 [b s- I (2)1-, + bs-, (2lS-) +...+ b,] + bO ... (2.11) 

nanis (2. I I O ~ P L ~ U U I M ~ I ~ L ~ U  
Nle ( ~ ~ U ? U L ~ U )  = 2A, + bO 

I(il~ A,  L ~ ~ u ~ ~ U L % I ~ I  IU fliLn?$iL~5ni6~ (square bracket) 918JdUnlS (2.1 1 )  LLn: bo 

LSU Law 



hot i iq  2.22 ouyiu~aaaa~mayiu3u 5 3  Aaa:Is 
* 4  0 

a m 1  53 t 2  = 2 6 ,  bawl = b,,  IS^) 

26 i 2  = 13. LelW 0 = b, 

13 i 2  = 6, LelW 1 = b, 
6 1 2  = 3, LelWO . = b, 

d l  w Imu b  - I  L ~ U  o H%I 1 ~~n:i(wsd (expression) %UFILLM< L L U Z ~ L ~  ~niuaun$i  1 d i ~ f i u  
i irnis~dud ( p h u  2) I d  t nfd s:I& b - 1 '  b - i  ..... b-, nisrdin'u au3uniss:di~% 
nar?sd&adaud~9uwwdau (iiu?uIailu) ~3u o vks1n~I6~nr&?u 2 u63 via 
aiss::~ mdi fiun~s~ru&a$~~in~ix~~r~udiddia~nis 



53 + 16 = 3, LdW 5 = h,, (lsd) 



32 
103 
50 
_L3. LclW 13, = 9,,, = Isd 

I ~iswnriwCf!ai!a ;a 1423, hu 14, : 

Base 10 
20 
20 
30 
40 
50 
60 
70 
80 
90 

Base 6 
14 
32 
50 
104 
122, 
140 
154 
212 
230 



r n i . r u ~ ~ i d ~ ~ i % G a  36 h u  1 4 ~  : 

0 
~~,JT.LC~'LJ 3, = 3,,, = msd 

t; 
~ J U U  25223, = 3759,,, Blflfl 

d i ~ ~ n i . r r u d a ~  ~aa4iuaula.i dudoflu3iu r, IM'du eui iuau l i  ~ & ~ I u ~ i u  

'2 I%tprueia~~a~ld h e  7 6aofiirno~~aalujpu r, - d ~$uua$ugiu r, 

2.8 niwan 
Addition 

2.8.1 f l l % f l ~ f l l ~ S I ~ l U d O J  (Binary Addition) 
1 v iiiiu?rinhennanunisuan~aa~iu3~d~m~urna~k uoini.ru?nmagiu~la~ 

iieniiuin m i n d  2.1 o ~ ~ u m i m ~ h r n ~ n i ~ a n ~ a u ~ i u s j a ~  
I 

Y nnmina~:duiiiinimn (carry over) ~ ~ 0 l a u ~ d W d e a ~ u ~ ~ ~ a ~ g i u 3 u  L L ~ :  
1 Y i ~ a ~ n n u ~ i u a  1 ~fiu~aaIrnqjAqn 6~6uwau?nd~fiu 1 sa~a~ni . in imdd 

f irnhdatjq~ni irn~%iuh 



2.8.2 nlru3ntnuglw lldn (Octal Addition) 
iji9ni~qnnKiunff.rmm~aujiui?u~duduqnir ua- r n ! ~ i ~ i ~ n i m ~ n ~ a r  

h ~ d  

r w w  
6 j o d i q  2.28 ~1~u?n~a91~iu~~1~m0ia~du~~imaun"u 

(n) 76, +'23, 

(91) 2017, + 4674, 
s d  0 

am1 (n) 76 
23 + '  .- 

121 - OlLfl 



2.8.3 nl5U?flt~%gl~~U~n (Hexadecimal Addition) 

lu&u.jnisurmaanim~nmagidumn (~'sa~aayiuudnfik) ~sloi~Lao18'u 
minaaaanisuanldrinw o i e d o ~ ~ n d u n 1 s u 7 n l d ~ a u  q u h  minani.j~~qniiaidai 

6  
7  
8 

0  1 2 3 4 5 6 7 8 9 A B C D E F  

0 0  1 2 3 4 5 6 7 g 4 9 A B C D E F  
1 1  2 3 4 5 6 7 8 9 A B C D E F 1 0  
2 2  3 4 5 6 7 8 9 A B C D E F 1 0 1 1  
3 3  4 5  6 7 8 9 A B C D E F 1 0 1 1 1 2  
4 4  5  6 7  8  9 A B C D E F 1 0 1 1 1 2 1 3  
5 5  6 7 8 9 A B C D E F 1 0 1 1 1 2 1 3 1 4  

6  7  8  9  A  B C  D E  F 1 0 1 1  12 13 14 15 

7  8  9  A  B  C  D  E  F l O  11 12 13 14 15 16 

8  9  A  B  C  D E  F  10 11 12 13 14 15 16 17 



Rjaii-a 2.30 ~dmn~t1qiuBuvin ACDF i rbicu 1 6 ~ 7 ~  

A C F F  1 + 

1 6 B 7 D  
C 3 A 6 E  

2.9 nlBaP1 
Subtraction 

d h ~ 1 d  (minuend) -- 
&all (subtrahend) 1 l+b  0 WnnY (difference) 



- 3A8 
ECB . a6U 

'1 > -, 
nisnu iaay1udil.r 7 IurkrSil 2.9 d i8ui 7 I d  d ~ ~ ~ u m ~ i l a n a u ~ ~  imils * 

~ u i l : I $ ~ R ' n ~ i ' l ~ a ~ m i l ~ d  mud (complement) lunisnu ins &ild6nin0addd 

2.10 fll%QfiM 
Multiplication 

2.1 0.1 nl3QfMl~S1~1UtfOS 
Q aJ I$minqru 6~~1in~ 2.14 &il:duiihuuinnnr o qmnz'm'h o un: I qru 

adsn"l6i~iou$q k 





E B B  
D l  8 ~rn 

2.11 n139.913 
Division' 

2.12 SI~UWBIUWA 
Complements 

2i nnuwGwu6~nlfluft~aaana~aaidavi-1lfinis~i-1r~u~1uauiiuau L L ~ E  
P "P d1~5'unisd~.unmanssn szuuh~aadii~iu (radix) L ~ U  r ~ i i ~ a u w Z w u 6  2 %Qv~ 



{a nauw8 ~ u d y u  (radix complement or r's complement) 16irri nauw8 IAJ~~WIJ 10 

(10's complement) IM~NU L ~ B ~ I U ~ U  ~ O U W B  w u k a ~  2 (2's complement) IUISUU LIW 

31um0" LSUh 
A A nauwAurudBnaQmmu~6 a nauwi W ~ ~ ~ R U M U J  (radix-minus-one com- 

plement diminished radix complement or (r-1)'s complement)16bbfi nDuwffW~6TliaoJ 9 

(9's mmplement) IISLUU LFIVJIU~U ~~n:nauwR WU~BDJ 1 (1's complement) IUSLUU 
LaB~luaDJ 

2.1 2.1 r's Complement 
i i u ~ u m a u 2 n  N~ Iu~~u r & i i i ~ 2 u ~ i u  n mFin 4 1 u 2 u I i f  u m mFin r7s 

3 r 
complement (Ar) BDJ Nr U , 

Fir = rn - Nr 

d1mk Nr fo  
- 1 

L L ~ V "  N = b  
r 

d1m% Nr = 0 
Y 

ill r = 10, 10's complement L ~ M  

10~s complement B D P L ~ Y I ~ ~ U ~ U A ~  s  fin : 123.45 ,(, ~ E I  

I(? - 123.45111 = 876.S510 

10's complement BDJ 525201(, AD 
10" - 52520 = 47480 

10's complement ID4 (0.3267),0 

1 - 0.3267 = 0.6733 

10's complement Bad (25.639),,, {El 

lo2 - 25.639 = 74.361 I 

61 r = 2, 62aL i1~qa~ 2's complement LAM 
2's complement BDJ (101 lW)* , 

(26)2 - (101100)2 = ( l r n  - 101100)* = 0101(Y) 

2's complement BDJ (0.01 #El 
I 

(1 - 0.01 lo), = 0.1010 



~inQrnu~rn:G~acii~Qq~u~ msdAt~i r*s complement (10~iiu7u~naluiiu 
r d  i 

r aan 2 tiil 
A d  u dinf i  10's complement ao~mpui)lmiln'mu ddou~aa o nuwudimiio~dqm~n 

$ali-rlt~du nu ~ d l i l d  o &jil~ufii~~audqm~n'7~~sni]~ln~in i o uhiw ma& q 
A d "  rlnG~8~uuuhniy$~$ui]i]n~in 9 

d la f i  2's complement ~DJLRIJMI~DJ nil6lmu nana 0~6jiriudi6~iiadgmym?d 
Y r  ~~a:~RdriZd o &~~sn~M"~~ijau~~~~~iC-r~d~tlu~aau'~di6~y~~auilu q ~ncia-~in 1  flu o 

qin o ~ilu 1 
u dad r r l i  A r d  w Y 
B J U ~ P H ~  r's complement ~ U W  3 ~ ~ i i u n d i  2 aua1Juu.u q:ndnfidddl~ 
m g i w  r l n  7 d r rnnnii 1 L L ~ ~ L I ~ ~ ~ L I  1 -J:; rqs complement L ~ U D  

2.1 2.2 (r- 1)'s Complement, 
~aaiiu7uu7n N~ l w 3 i u  r d ~ % ~ u b i ? u d 7 u d ~ ~ u i i u a ~ ~ ~ u  n ~ g n  in~n:hud 

~auiiu7ulidu m an'n (r-1)'s mmpl  ment Rr-, and N~ d Ctliuii GEI i 

6ii70L/1.191Dd (r-1) 's complement 

9's complement (IDd 123.4510 ;El 876.54,0 

9's complement YDd (525.?0)10 40 : , 
(lo5 - 1 - 52520) = 99999 - 52520 = 47479 

Iud6!iihud~~uiiu7uIiL8a njiu lo-" = I(P = I 

9's complement Y0.1 (0.3267)10 AD : 
(1 - - 0.3267) = 0.9999 - 0.3267 = 0.6732 

1 ~ 4 6  l i j i ~ h ~ d ~ ? ~ ~ i l ~ ? u d u  lon = I(P = 1 

9's complement 91D.1 (25.639ll1, 60 

( l d  - - 25.639) = 99.999 25.639 = 74.360 a 
I 

1's complement 910.1 (1011100)2 6ZI ' ' -  

(2" 1) - (1011100) = (111111 - 1011100)2 = 01UOll 

1's complement 910.1 (0.01 40 
(1 - 2-4)2 - (o.0110)~ = (0.1111 - 0.0110)~ = 0.1~01 



~indi?au'iso:dwd-i 9's complement 3 ~ d L ~ ~ ~ l U ~ ~ ~ 1 ~ 6 i l u b ~ u  b4ud ~ibaflyn 1 
~tYnldauaanain 9 u n x * ~  complement ~il6idiiddin~iYud~d6uu I IiiCIu o LLR: 

t : m  a 1rl6uu o lfi18u 1 lriih r$a.s?in (r- 1)'s mdplerhent ~ l i l6~ i~u i~ns~ad ~rlsan?iaa::n?n 
d 
M9:MI r's complement ain (r - 1)'s complement buftuavrn r- 15id~tt-niudin~iioe 

t: A d a  ad a.* d dqara~ (r-1)'s complement LY?IUU BdUflB2IMI r*s complement ?m 3 

6 ~ ~ 1 d l d ~  2's mmplement TiOJ lOllOlDO Mll65llf l 1's complement V D P J ~  Ol(301011 

uanh 1 Gsl6 o ~ o o ~ ~ o o  
d ~ d i ~ i y i n o d i ~ ~ i ~ l u ~ 4 a . ~ n a ~ w Z w u d 6 a  nauwluruiaa~nauw8wucn' ~1: 

~ i i F i i ~ ~ ~ i u ? u ~ ~ l ~ ~ m ~ ~ b " s u  L9hl r's complement ?lad N 60 r" - N LL~~:~~JUW; W U ~  

aad (rn - NJ Aa rn - (rn - N ~ )  = N~ LLCI:L~ULGL~?~~~[U (r - 1)'s complement 

2.12.3 m3Q r9s Complement 'IU~IJZIU 
nisau~nui5mddns~ai~#wn'nnisi~ I a u h  I o7n~aada~lwdn~mdd~n"n6 

ad 3 
qanii daoi?kiiauniiii?au ?au~iiuaiudaauInu~nni~uaans:ai~ ~~sid-i~Tu 

Ad34  - ~uGinaanaufi?uaf nisau6~u~auard-i:3w~niwiiaundini~~~ rls complement 

~~a:58u%n aid~ulunisaujiuau~aa 

msau-j.iu?urarmqn 2 iiu?u (M - N) &igiu r 6~4 Zihs$dd 
( I )  ~?n6?8d M L$I& r'r cumplement 3 0 d h ~ ~  N 

( 2 )  nn~1aauwan'wiWd~0~~umau ( I )  diiG~i?~a~(n$iu~lialsi : 
U C ( U  U "  Y n. oiaolannqn~iulnnm 

a. iiiliihnaqnGiu I&I r9s complement ~ a ~ d ~ n a u ~ u $ ~ m ~ u  ( 1 ) LL~TIH' 
1cl~a~~~iund3"$i~wiii 

6?0dl4 2.39 143 10's complement L ~ D ~ ~ I ~ o J  
' 

(n) 72532 - 3250 

(1111) 3250 - 72532 

- 4  0 = (n) M = 72532 12532 

N = 03250 i 10's complement 60 96750' 

6-~mqm$iu --lJZEiiT 
waau6a 69282 mm 



(91) M = 03250 + 
N = 72532 10's complement -27468 0325% 

IriijGawaqaflifi/ 30718 
- .  

NaZlUffil -10's complement qL1d 30718 = -69282 

nm 

6 2 ~ 6 1 4  2.40 ~ 4 1 %  2's complement L&l'MlFil M-N bfi 

(n) M = lololoo , N = loooloo 

2's complement +_ 0ll1l00 

h n m ~ m 6 u -  I /GI 

(91 lo00100 1 ON) 100 

- 1010100 2's complement 2 1 0 1  loo 

IaGGawq / I I loouo 

~ i l ~ i l ~ f f i l  -(2's complement 91ild 1 I IWOO) = - IUOUO 

n x  

14 2.4 1 SilMIWIRU (572 - 425), hd# 8's complement 
- 4  a 

? E l  7's complement 91ild 425 60 777 - 425 = 352 

8's complement 425 352 + 1 = 353 

(572 - 425), : 

ni~fi-gd%au6?fi r*s complement 

n13u?n M Lf15U r's complement ?JOJ N 16 (M + $-N) dlM%ii~?ULR91&O 

h u ~ ~ ? j u i i ~ a u ~ f t x  n ~i'n$u f ijdirviiflu ~ lue i i a~ t i~ f !  (n+l )  [ddaunil *G?wn 

qa$ifil (end carry) ~ ~ U W J ]  ~dadS1n M ha: N ~m~a~a~MiduFilu?u~?n 64614 



- [rn - (M + rn - N)] = - (N - M) 

2.1 2.4 ~1j ld (r - 1)'s ~omp~emeni lunimu 
nsauqun~m Jmul3 (r- 1)'s Complement ~fiauni~nulmulB r's complement 

A 4 w .a ~lnriuaeikmaud6un<i 'hnm~biiidfiiu (end-around carry) %d.~~:ndi?nd~i~didu 
dnd u nimu M - N da M, N e i i ~ 8 ~ 4 u i i u ~ u ~ ~ n I u ~ [ i u  r $44 U ~ P ~ P U  

& 
(1) ~7n87md M ~$1621 (r - 1)'s complement ' P I o J ~ ~ Y  N 

(2) m570na~1~a~i~8utumaud (I) diij8~nmqmfiiuv~aId 
(n) 6i~G~nnqnfiiu 'liirii I Idu~n~$iCuvn'nqmfiiu~1a\jwan'w6l~mau~ (1) 

[ t d  fi0n end-around carry] 

(I) fhbi~87~qmfi i i lu  \%I1 (r-1)'s complement 10d~a&d\u01aui (1) ~167 

~dw$ad~uiuad~%idn<i ~~u+iislauaaa M - N / 

ni5Gg~irnimuImulii (r- 1)'s complement nF;1un~~TiUm5Aq~rfi,ni~nuTmul3 , ' 
r's complement 

Ij?0(il4 2.42 5fi87aii~ 2.39 l~llll% 9's complement 
- 4  0 

a m 1  (n) M = 72532 72532 
9's complement 

N = 03250 ,+ 96749 

8i7nmrCihdn"iu (5. 
- 
69282 



('PI) M = 03250 
9's complement 

N = 72532 -+27467 

"aiiG7wm 307 17 

:. M - N = - 9's complement 3104 30717 = - 69282 

630d1-4 2.43 &~7ElEi ld  2.40 hEll# 1's complement 
4 4  0 

.lrn (n) 1 0 1 0 1 ~  lolo10o 
1's complement 

- 100010() +0111011 
I 

1's complement 
- ioioi~n) - *+0101011 

laii~awm /1II1IIII 
:. lo00100 - 1010100 = -(l's complement IF34 1101 1 M.), 

Bilah-4 2.44 JIG~IE~IJ 2.41 I~.EII# 7.8 complement 

i* 572 572 
7's complement 

- 425 - ,352' &+ 
7 " i l i l d l  

- 
145 

.'. (572 - 425), =. 145, XI 

2.13 d~u~waa~a~wne~ttuu~lia'alnte~ituu a 

Unsigned Binary Numbers 

~viivildndnrnuh 14ueuFu~a~4~u7uu7n ~~ai-~~~:nau&i?uhu~b~u4iuau~4~ 
r n i o h d ~ 9 u ~ i u ~ u l r i ~ 6 ~  rniavf~aoad~u ~ a a ~ i u ~ c a t n d i d ~ m ~ d l d f i d ~ ~ ~ a d ~ ~ i u  
rnia8tg5nn6d.n q tmm;ldiii ~ ~ u u 7 n n i m  qaftaii ~iludium 



~ I M % L E W ~ ~ ~ ~ ~ M I ~  8 fin didnd4m ;a am mn ~~a:611v@!qcli?a 11 111111 

$4;~ 1 5 ~ 4  (range) #JMNvluh~at 1WIJ 8 OM 
OO(W) 0000 10 (O0) 16 0 d  
1 1 1 1  1 1 1 1  (255) ,(, (FF) 6 

tunMie~~agiunaad~-.mh~~udiiuni~magluna~~~~u~ifim~Rf aivxiu 
~~n:~n0n~u~~a~iu~e~~.a"~~~uaui~ail4~n~~lu~iudfiuu ~iiriu mnianmumvb 
nu 61 ~3ddnmauf7 ~ m &  

d L: 
qhLL5n (first generation rnicrommputer) F ~ U ~ S ~ ~ ~ J ~ U L ~ U ~ F I S ~ ~ ~  8 OM k ~ ~ d b l m n m i  
va4Laagiuoaaruim 8 fin uuin&vlunKai~laod3;~4~4 o 53 255 bna~~da:iiu?ud~: 
u~nviaauriuKa~ods:wii4 0 0 4  2 5 5 L ~ ~ ~ ( i l R ~ ¶ ~ ~ ~ 4 ~ ~ 3 ~ ~ ~ ~ 3 ~ ~ ~ 1 ~  0 d4 255 

iiiuuinInuu1n~t4 ~iiunii 255 ~ a J # ~ ~ l a ~ + ~ i ~ w i u a a  16 On B ~ ~ u i u m i u i i ~ i i ~ ~ u n n  
i%J 8 Ondiriau (lower 8 bits) LL~2~1%6'2;711 8 (upper 8 bits) 

oi?sd~-a 2.45 ?~u?n~aapunaaauim 16 ~ndahJ:~~~fimfiinmi 8 On 
0000 1 1 1 1  1010 1100 + 0011 10(W)0111 1 1 1 1  

4 4  0 

1~ umOndi 8 ~nr inu  ohY?$~u,niina~~lllff~18 OM 

1un'$d (upper bytes) I~n'Oii (lower byte) 

0000 1111 1010 1100 

+ 0011 loo0 0111 1 1 1 1  



da 

Signed Binary Numbers 

1. Sign-magnitude 
2. Sign- 1's complement 
3. Sign - 2's complement 

Suuuu sign-magnitude ~ ~ l ~ ~ : ~ n ~ ~ u & ~ ~ ~ l ~ a u b a ~ ~ l u ~ ~ ; 1 ' 1 1 ~ n  Iugn 2 

~iuu6u4iuauqra5iluql1 1.s v i a  2.s complement i i i~8u~n~yiuf la~4iua~ua1'1~:~~d 
i~uuM"~aium$nuliu horii~idu ~ d u u  a~+9 ~mr-9 l i i ~ 3 u i n i u a i m  8 iin 
Su 3 71~i~uud I&ii 

+9 
Sign-magnitude 0 OOO1001 
Sign- 1's complement 0 OO01001 
Sign-2's complement 0 OOO1001 

t, Cn ~masva~i u 



~ULLUU 1's complement O Y ~ ~ ~ # C L W U ~ ~ U ~ ~ D J ~ I U ~ U L ~ V ~ ~ ~  1's complement ?JElJLE1Ti~UtfEld 

LL~:~ULLYU 2's complement 1~13 2's complement L L ~ U ' ~ I U ~ ~ V O ~ ~ I U ~ U L ~ ~ ~  

sign-magnitude -9 kuinqin +9 ( O  OOOIOO~)  Aunis~inauw6~uA~ccwi~ 
OM ~niadrnuiu ~IM~ULLIJU sign- 1's complement 183 -9 16qinnisnauw6 urudln 7 

'4 L:r d 
finand 0 t)o()lo(ll (+9) ~ d m ~ n d ~ n ~ n ~ a d ~ a ~ i u 6 a u  LLZIZ~UUUU Sign-2's complement M i  

l6lmuniwii 2.s complement ~ a ~ i i u a u ~ ) n ~ ~ ~ ~ O n ~ n 4 a ~ ~ ~ i u  
n i s ~ ~ u u ~ 1 u a u ~ n a ~ i u t f a . r u ~ ~ ~ m ~ n l f a . 1 ~ ~ 1 u ~ : ~ ~ ~ n m ~ 6 d i ~ s i ~ ~ u u 0 n ~ n ~ a ~  

w~iub[MYVIi.~i3inCnauim ~6nu"au 

2.14.1 lWU~lUtI0911UU sign-magnitude 
-4  d l 

~ I P L ~ U L ~ ~ ~ I U R D J ~ ~ U  sign-magnitude $u ~:dudl~fluam~i~ Adam: 
~aaiiuauuan un:iitr?uau~l:giO~allu~m~~uu~~Bjaun"~il:umngii~n"u~iu~~n~~l~a~- 
MUIU Ldlh.4 ~ I ~ ~ U L ~ ~ ~ I U R ~ ~ U L L U U  sign-magnitude ~79$~~1~16dLd 4 % I $  ~ " L I  

Onusnnid~iu!aq~~ (msb) q:du~nmtadrnbnu iiuauma~dauim1rn~~u6a~1~ 
3 A a  dol L: 

~~l~$Jlnfl 'h 4 CYl nmpkathddaldu w ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ J M ~ J M ~ P I u ~ ~ L L ~ E L ~ ~ M ~ u  

'4 A 
L ~ U & D P ~ I U ~ U L ~ ~ ~ ~ [ W L L Y U  sign-magnitude ~ : L M ~ ~ ~ ~ Y U I N ~ S J M U J I I D J  13~4 

A d r a ~ i i u a u ~ a d u ~ ~ ~ ~ l d ~ ~ ~ ~ n ~ a ~ ~ u i u  ~da~ilinmamauim1~~qmn~lddsv"uiuns~~u~ 
dta 255 amaab~da 127 ~wm:~~~i~~ta~d~~nu~diiwau~1an~~n:4iuaunu 



Imclviild rargiuaa.r d i i i i u ~ u d u  n i n  i i u a d i r 4 u  m On a:fiuuJumu 
y ~ a a d ~ ~ u ~ m ~ m 4 a ~ ~ ~ i ~ l &  n + m + I fin ImuG I dn~3u~n~m'ra~uruicl rsui (ri~ngc) 

( l % t I m ~ ~  (domain) T l ~ d d l n l d ~ ? 1 ~ ~  (numerical value) R ~ d 0 ~ f i ~ d ~ O ~ 1 ~ 1 W ~ F 1 ~ ~  

LLIBIJD$ULLUU sign - magnitude ';a 

h a d i ~ ~ d u ~ u n a n i r 6 ~  2 aadmim 2.1 6 ~mjaadih iaau~~u sign-magnitude uuim 
4 dn 8dma&?r~iis:irnisunuma 0 ldi 2 3% LduL~cl?n"~1~LLl~u 1's complement 8 ~ ~ 4  
Iunanirrid 3 ndi?Aa i o h ~ u u  qutvrn (positive zero) 8dfiuu~fIu 00 ... 00 LLFI: 01% 

A 
LLUY ~ u U ~ F ~ U  (negative zero) BJL%IULSU 1 1...1 1 

ndmugluaad ~ l l d & ~ ? ~ ~ ~ ; U  n fhl L~~~ad~ilu. l~ladu11LIlJ sign-magnitude 

Aa k (2. - 1) ~du ma eiIn i:G~3uQ (2' -1) = k 127 L ~ U ~ M  



Binary 
Sin-and-mngni tude 

Binary 
1's.wmplcment 

nl3u'annu m?lgluRadLruu%l m'sad~ulul~uu sign-msmitude 
P I  9/ nuyplaimadnimn +23 flu -35 L ~ I ~ ~ U ~ Y M  LS~+JUT~?B~~~Q~I~LLUU s i p -  

ude 4 ~ ~ 1 ~ : n a u ~ a ~ ~ ~ 1 f i + a ~ ~ ~ i u m 1 8 . 1 ~ a u ~ n a u i m  ~ I ~ C M ~ I ' Q I M ~ M L ~ ~ N I Y ~ ~  
nic Iunsidl:fiuiiii~3u~aio.ra~ tnuAijuuin~dnniiaansin~nuddauin2n~ni~ 

a ~r~aI~~la"w+aa~ariuua~~'~~oupli~i~uaud~~ui~Iv~~ni uuna 

Decimal 

+ 11 
- 11 
t .3125 
-.3125 
i 31 
- 31 

Rinnry 
Sign-and-magnitude 

0 0101 l 
101011 
0 . 0 1 0 1  
1 . 0101  
011111  
111111  

Rinrry 
1's-complement 

OOlOll 
1 1 0 1 0 0  
0 . 0 1 0 1  
1 , 1 0 1 0  
011111  
100000  

Di11a1 y 
2's-ca~nplcanent 

001011  
110101 
0 . 0 1 0 1  
1 . 1 0 1 1  
011111  
1 00001 

0 00000 



bbuu sign-magnitude b ~ < - I  l ~ ~ & a d  ~ I J ~ W L ~ U Y  b R " T ~ d ~ & l ~ ~ ~ d ~ l ~ ? ~ b a % W " d d ~  51 El$Eld- 

~ s ~ ~ u ~ ~ ~ a u f l u ~ . i 1 6 ~ a u a u i m a a ~ ~ a a n " . j ~ i f  51 ~n~asw~~iu6iianv~~.ii ~d~uu~iuuauim 
~adi~u?ubaauhfi~au<iuau$b~nndia~n~in~iuau~~~~nii ~~a :6 i i~u5a~A~ imr i  

d W W  

Rdmiadnuiuaaawakd~duriu au~uni.idiiin.i:iiTm8;~~maa~nuAnoln.iaaana~ 
'L%616uro~mr6minBulqna'uqu Ldur6uariu?dtls8dd~&i.in~lliuu~iuu uan na:nu 
iiuaubaa 

SJ d. ~indnhai~~h$dnum tl:dudi aamni6yaadhu?ubavlub~uu sip-magnimie 

W a nnuiiuaa~uitiarau~~iaubavuan un~iuGnm$aanuiu di?uiwnwaZlinfi~ni 
aui~l~iiulmuduaiaiiin ~n'saanuiuaan aK~i?lidaatndala idawi~av~iu~lud ~ i u u  
~viifiu ~bdan%udiiu?uiaa~ub~uu sign-magnitude ~ni.il%iifh n+l:fiu6adnimd~z 
~aantiimdda uin 61 mdd6a~u?nwSaau+a~ai~l# sign -magnitude L ~ U  I.~ZU?;~BS 
analog-to-digital (AID) 



2.14.2 ln9191URO4llUU sign-2's complement 
~na~ui~ncl~~aagiuanaii~u~uauAaamnn"aa~~ ~nrmgiuaaaiiiu~uu~nI6I~u 

k; 
MI  2's complement Y J . I L Z ~ ~ ~ W E I O . ~ ~ ~ U ~ U Y ~ ~ U U  LI(U 

3 + 0 0 l l  

-3 + 1101 I 

Iunian<uiiu iiimi~na~iu~oaiiu?uau ~n~:~ i~nag iuaaa i iu~u~3nAaa~)n~aa  
n"u6 1du . 

-7 -, 1001 

+7 + 0111 i 

M ~ c l ~ l ~ l n l ,  2's complement L ~ u Y ~ Y ~ ~ T ~ Y ~ ~ ~ L ~ ~ / D ~ L ~ ~ ~ . J M u ~ u ~ ~ . J ~ ~ ~ ~  (negition) 

d~4ukdiniyan:~4uni~iiuAil:a%a3ail'ia'isn4aw~a 2's complement dd'i~aiuf! 
2 

?di l ' id~%I  2's complement Laifi~n (outpui) ~ ! ~ l : d ~ ~ Y P I a d ~ u ~ n  (input) MIUA~U 
r f l ~ ~ y ~ n c i i l ~ ~ ~ i l ~ ~ a ~ n f i o 1 A . ~ ' - 1 u a ~ ' i a I i ~ 1 ~ 4 a A a i ~ i ' i n ~ 3 n ~ ~ n : a  ad6 

A 
mrfiaaadimah~nrm R s.rpnnqu~mu4iu~u~n~A~~amaa~~u~~u~~ 2's comple- 

a d .  

ment daiiu~~~a~~iu~aauuil iuau~~u n fin iiu3dai~iu m Qn 
- 2n+m 5 R 5 + (2"++rn - 1) 

~ ~ i l : L h $ l  L ' ~ ~ ~ V B J L ~ V L L Y U  2's complement P Y U ~ ~ ~ $ ~ ~ U L L Y U  sign-magnitude Ua: l*s 
k; a 

complement (~ail:in613fiada!d) ntuant.Lrw 2's complement ji o L G ~ u J ~ , ~ L $ ( I ~  
P dci 8 A d A cr 

6ail:du!fiuaina 2.16 F ~ J U M ~ ~ P ~ ~ A W M J Y  naau nqu63 rna!$iuinn$i~ul~uuauan 
2 LLYY 

~ c i n  nsmnww.rtui ~~wi:~aagiuanaiiu3udu ~ ' iu~aaai iu~u~nagiuaa~9u~~1~~ 
2's complement J Y L ~ U  + (2n - 1 )  fid -2n 

d 
?l13lJVl~lJ mlgluaJdh Lfl'iElW~l u~uLLLILI sign-2's complement 

nim3n~aPI~uam J C L ~ ~ J M U I U H ~ J ~ ~ ~ ~ ~  k u i  ~au i iw~unuuamaa~ lu~~~~~  
~ i ~ n - 2 ' ~  complement tun'i:~ii!Mmu ~3n~a~aa.rjiu3u~C~63un"u nu8a6n~n4aa~~u 
Y d u  d d  u  n1um3nmrrsa6nnuuuh6~st.in~ (~nm'rot~u~u)  ~ : ~ n d i h k  n i m 3 n l ~ i  4 nd 
fifiaU'iada!dfi 

n i ~iluu?n8a~ci 



pry 
nyRL$Lt1 91- "11 E8+ ULn2bnYULh 00001 L L 1 + 91- BUM w 

@p luawaldu0as6Z LCCLFLY 91+ P~2h~EBILMI1BU E8+ ULbU@@ 9L+ nBLLU 

91. aynut,! cs+ ourlay np trpu~nru~ 1 uwru - 2 P'= 



P "  L:d 
n3&6  2 mauanua:mmuuuimGnnii a u y s l m a a n o  +68 Gaaudn -27 

~UILUU 2's complement : + 68,+ 0 lWO100 

- 2 7 +  1 1100101 

FlDII%JLFIDi dd  -27 L%1$2493 2's complement L ~ D W G R  

Y , d" 
q i n i i f a  uan + 68 LL~:: + 27 mu 

Gaau a: 3, 
2's complement 91DdL~TIMdi3ilJUFlD : + 14 + 0 OW1 1 I0 

- 108 + 1 00101OU 
F I O U ~ ~ L ~ ~ I I ~ C I ~ R  2's complement 91DJ - 108 : 

+ I08 + 0 1101 100 
~ i n i u u a n ~ a s l ~ i i 6 a u n " o b  : 

+ 14 0 OW1 1 10 

rnG/ 4 o a a u g d j  idu mi<~Wo -43 di?audn -78 
a Y a  

2'a complement 91i19Li391WJdi19UFlil -43 4 1 1010101 I 

- 78 -, 1 0110010 

2's complement 9109 -78 60 + 7 8 4  o 1001ll0 
t: Y "  uanGaws~vinu 2's complement slasGaau : 

~ai . lunaiudiu luni . iuan~~a~nisau~iu~o.c iar~ iu~~.~~~omai~~~unuonmon~ 
~ U L I U ~  sign-2's complement ~ ~ ~ ~ ~ a i d a u ~ w ~ ~ ~ ~ l 0 i n i ~ i ~ ~ u ~ a 9 1 ~ i ~ a a 0 ~ ~ i u a u a ' ~  

Y  d 
l u $ L L u ~ u ~ M ~ D n d l  LLUu sign-magnitude Un:M?WWNLUU sign-2's complement k L M ~ ~ B  

A d  ., ndi~iuu sign- 1.s complement i i~wn:: da~f n J l w r n n n n d ~ m ~ ~ C i u n ~ u u ~ i ~ ~ ~ ~ 1 ~  
Y 3.4 u 6  IS^) &a u ~ a w m q m ~ i  L I & I ~ ~ L R ~ ~ ~ M  ~ ~ a z ~ a n ~ i n u ~ ~ ~ a ~ n i ~ w ~ r ~  1n"u9+juU'nu 

8 -  x 
(negative zero) ML~@UU~ULLUY sign- 1's complement &ldi?u 



2.14.3 La"U$lPdfiBSLLPlfl sign-1's complement 
n i s ~ i ~ a r ~ i u a ~ ~ ~ ~ i ~ ~ u a ~ d ~ s ~ n a " a ~ n " u ~ a ~ ~ i u a a ~ ~ i u a u u ~ ~ u ~ ~  1.s 

a: 
complement fla"lLI~~d6IJfl~fi~d 2's complement ~ULLUU sign- 1's complement UU lhl 
1.s complement WIJL~%~IUBDJ~ IU?UU~~  s ~ u & ~ ~ L ~ ~ ~ ~ Y I u I u ~ ~ u ~ B : \ ~ ~ L ~ ~ ~ I M ~ ~ ~  
41uauau ~bdu 

lunian5"fb i7s complement Y B ~ L ~ Q ~ I U ~ U ~ U ~ :  L ? ~ M L B Y ~ I M ~ M ~ ~ ~  L ~ u  
--25 = I OUllO 

25 = 0 I IOOI 

IR'L~IUZIEI"~~ULIJIJ sign- 1's complement q ~ i  o 84 2 d5t DII WEI$USUTI ilill: 

quSau 4 d  ~iugaariijl~~inaimd 2.1 a ~aarii~cia~~~~~am~I09"~~uni~s~~e~~pbp~"au ~dui~oa : 

IO9"uium + 9 kh%J - 9 ~ ~ L L U U  1's complement 

dinau6s phau dadunsuw~ wubo;l o oooooo (tduan) 

~ a a q u p J " w i s u ~ ~ : j m ~ a ~ ~ ~ i u ~ u  aisi~lluuudi.s 7 riu~du 
+ 0 - 0 

LLUU sign-magnitude 0 OWMMH) 1 cnwnwww) 
I 

LLflfl sign- 1's complement 0 (MMMMMM) 1 1 1 1 1 1 1 1  

LLUU sign-2's complement 0 OWWW big 

41wum~~iurra;l~lls:nau6auiiua~~~~ n On 4iwauIu'~Gu m On i ~ s r t i  
aawimiahiaq R ddOnnn~Tm~&ua~~av~~~arndild'bu~~uu sign- 1,s complement 9:: 

L ~ I ~ U L ~ U Y  sign -magnitude 
f 

~ ~ P I P ~ L I ~ L C ~ U U ~ I M U L ~ Q ' ~ M $ $ ~ ~  ~~ar~~nd~(il~ja~dd~::~dua'i~u~~uu sign-2% 

complement 9 - 128 ~ ~ L ~ O U O ~ L ~ U ~ I U ? U L ~ ~ ~ ~ ~ ~  8 Dn 

sign- 1's complement sign-2's complement 



?llN?n~~ L ~ T I j l u t G I J ~ ~  L ~ ~ ~ J M J J ~ u ' I u L L u u  sign- 1's mmpleme~t  

n~itmda6undfla~ sign-2's complement 1 S L ~ W l h J n ' u ~ s h ~  L%%.jn"lU (end- 
1 

around carry) na.j insotini~~nda~llu 

2.1 5 I Z U U Q ~ ~ ~ ~ S I  k a r r r i  
Floating Point Number Systems 

hnisdi~~unis~6m~~riuh~aa~iuna~~~nwwuaj'Iu~su~'I~~$n?i~~di6y 
d d  u 

~ J ~ ~ ~ ~ ~ ~ ~ ~ < ~ ~ ~ ~ ~ U ? ~ J J ~ ~ ~ ~ ~ T I ~ J ~ ? L ~ ~ ~ J M ~ ~ L ~ J J ~ U ~ ~ ~ ~  iirninmuG?inati~ 
-41 

~ 3 5 % ~ . 3 S ~ : % M Y ~ ? l ~ ~ S ~ ? n d 1 ~ ~ ~ ? 1 ~ 6 ~ J n l S 6 ~ n ~ l ? ~ 1 ~ 6 ~ ~ ~  ?ISU~~~UR~.J~"Y' IUV~ J 
61 d & $ V  ?nt1iflinolsa~un?iu&~fluu'aons~naa~n'iu?ot&i?uiiu?u~naA$rruin'I~~~~ar8n 

uinq i~nrmn~kunis~uuG?~n~~'Iu~~uu~~uu~a~i (mantissa) waufiu~nrrdrii~j 
(exponent) LdU ~ ? ~ U L % ~ ~ J L L ~ ~ ~ W W ~ ~ I ~ M ~ ~  {El 300,000,000 ~ ~ L I U L L M U ~ & ~ ? U  3 x lo8 

k u r i  3 du ~uufia~1.  t3 ~f lu~i i~a~~n~#r i i ( i r l  ~ la i iu?u~nv 0.00023 a i 9 ~ i ~ u ~ n u l R  
&u 0.23 x lo-) ~9u6u n m ~ m u 4 i u ? u ~ n ~ 1 ~ ~ u ~ ~ a i i l a $ ~ i  $@~ruu~flu y = a x r~ 

Ino y I ~ ~ ? U L R I A ~ ~ ~ L L Y I U .  a L L J J W ~ ~ Z I B ~ ,  r ~~LRI I ] I~WTI~JQ~W?ULFIV (r = 10 

din<usguuraagiuilu ant. r = 2 d i ~ i u ~ ~ u u m ~ ~ ~ i u n a ~ )  LLRS p ~a6?~~lflunriifi 
Tad mslgiu 

A a 
6-tluna~fi?~a0; (computer word) 8dLd~LEt0ll~dad ~ ~ L L v w ' I u S S U Y ~ ~ L R T I ~ ~  

n s n h i - ~ ~ ~ ~ ~ a a n l 6 ~ 4 u  3 d2u6ia d n ~ ~  u i dar~nariijlu?u~aau 7 



~~uu?nnianu d?u#aa;l ;a ~dffiirkr E (~1dnfd~iaLjOnji "I~~U:LQNI: (cha- 

racteristic) ) un:-kruinuda L L ~ U R ~ M I  M (uitnfddtlnii d ~ 4 ~ ? u I r i d u  (fraction 

field) fl6) $6 E ua: M ~ua~riumiun?aaddi'Iuflau~?~~ai un:a'uriu~iui~~z~# 
~du E aiaiawm 5 ti4 20 fin luwuzi? M aid# 8 $4 100 in Fi7aa~ciiIumaE~msmS ;a 
M x 2E 

0~3fil& LL~:LLUU~~BI ~ I F I L L ~ @ ~ ~ ~ ~ ' I U L L U U  2's complement l l ~ ~ d l ? . I ~ d  E 9: $nd%~lL6..¶ 
~6a~M"~~ti~di'b6miu8uw'ud6~as]nis (2.14) mnl%~ld~~~uu6funili uaiu aala L%%U 

(normalization) 

i ~ 6 a ~ a i n  N ~riuaiuaalad 6.~i1.4 1 M I s I ~n&a~~a iC~+pj?~  2l aan : 

t%N%$lM" E iaulm 8 UR:'IMY(L# 2's complement h M % l l ~ ~ % b  E LLZ'l: M Ln 
azl6 . 
N (5dm556d) = 0 0000001, 1 001 1001111 

E M 



d r  4 
h a d i d  2.4 7 ~tuamdiiuqurnusinIn1dI~"r8u~a raa8tnssaii flunuruuuiiuqu 

r ~ a n ' j ~ n i u ~ ~ u r a a ~ i u r r n ~ m r i n ~ a i ~ ~ ~ : : m a n )  : + o.ss3,. - 0 .732~ .  

+ 1215,. -- 0.0074, un:: 261.2, Ifif 2's complement di~Surnui iu?u 

nu E rrnz M ~rn::l:%MY%# 5 G~lunis~r~mthi E 

i&i - 6imwo.uo ~ ! u a i n ~ h d r i i d  
GIlTlt 2.17 Fil~~9~620e/ld 2.47 

W?R$ 2.1 (a) 

Bit 

Octal 

+ 0.653 
- 0.732 
+ 1215 
- 0.0074 
+261.2 

S Expcjncnt 1 ,  Mantissa - 0 I 7. 8 31 
nun~bcr 

Binary 

+.110101011 
-.111011010 
+1010001101 
-.0000001111 
+lo1 10001.01 

Floating point 

msh 

Exponent 

0 0000 
0 0000 
0 1010 
11010 
0 1000 

nu~nbcr 1 ( s I Mantisvt (least significant bits) I 

Mantissa 

0 lIolo!oll 
1000100110 
0 1010001101 
10001 
0 1011000101 



'ma, = 2+63 ( 1 - 2 - ~ ~ )  E F ~ M ! ~  N~~~ a i ~ ~ i l 6 l ~ ~ i i a 3 a ~ l ( n ~ q 7 n ~ d  2.1 (a) 4161 
diqnaaa E ;a o nannhan'u -6411, l u d ~ n d  "LEU 64" ~ I ~ I Z ~ T I S J L L ~ J U -  

d UP 

in¶iir?nuebaaIa4n'a 2-1 6a~ i (~ i id i~mInna  N,, = 2-@.2- = 2 4  
2.4 P 41uau~a~1 N M ~ ~ U L S U ~ L ~ M  

c 245  5 N 5 2+" 31-2-24) 

m ~ ~ i u n a a i a n s q a 8 8 ~  dadnul#61naufh 2 di  ~ ~ d a ~ d i i i a u i n  16 04 
6aIusd ? 2.16 (b) ~ ~ M u S n m a ~ l t l d ~ ~ ~ ~ u 6 1 ~ 1 a E l u 1 ~ ~ ~ ~  l,'da~MaJlEJ%a4 Lt3?J%fili%J lu 
Pcurbi~n ~ 6 ~ 2 n ' u f i ~ ~ 6 1 ~ 1 ~ 6 1 . j  QUGM ~ n f  ~ J M U I U P I ~ J L L U U ~ E I ~ I  

mna 2.1 a ~aaj[iuaaa dsurii ~ a q i u & ~  

Decimal Binary 

1 
I  I  
1 1  1  
1 1 1 1  
1  1 1 1 1  
I 1  1 1 1 1  ' 

1 1 1  1 1 1 1  
1 1 1 1  1 1 1 1  
1  1 1 1 1  1 1 1 1  
1 1  1 1 1 1  1 1 1 1  
I l l  1 1 1 1  1 1 1 1  
1 1 1 1  1 1 1 1  1 1 1 1  
1  1 1 1 1  1 1 1 1  1 1 1 1  
1 1  1 1 1 1  1 1 1 1  1 1 1 1  
1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  
1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  

~ ~ 1 . ~ ~ 1 & ~ q i l 4 ~ 2 1 a Y ~ . j ( i l S S " d f i  (Floating Point Arithmetic) 



/ 
X + Y = (M, + My) 2Ez 

X - Y = (M, - My) 2E. 
t : d  2 '  

n.rfi?!ma 2 iiuauuuu~a~~.TiiFXI~i~n'u ~ ~ ~ Y ~ I L ~ ~ $ . T ~ I G ~ ~ M " L M ~ ~ ~ u ~ ' M L ~ u ~ ' ~ I u ~ u ~ ~ I I  
n i n l i u ~ ~ u a  (alignment) Ban3:YiiImo ~ 6 a u u ~ u f i ~ ~ i ~ d n i ~ a a i d i ~ ~ u  ma& ma$ri ik 
iiaunai 4 1 w ~ ~ a a n 1 s ~ 6 a ~ ~ i l 1 s ~ 1 ~ ~ i l 1 n w n ~ i 1 ~ a a ~ ~ n a ~ r i 1 G a ~ a ~ ~ n a  2 4 1 w i u  

F'H 428 



d a d  w  Y n l . r ~ i n ~ ~ w ~ ~ ~ c r i d ? ~ ~ u n i s ~ ~ b ~ 9 1 ~ ~ i ~ 1 u b ~ ~  r u?an;lu 
t: u w  

I. Ii r9s complement : ~Guanhq; l~uinu r7s complement Y J J ~ ~ U  ahmnimau 
6 4  U  U d u  U v  Y 

w n n i ~ ~ b k u m u ~ l ? n m ~ ~ M " i u ~ ~ ~ l m n ~  niliii~anmqnviiu'IM"~~ r's complement UOJ 

waa"wfiicb 



E W "  

2 .  ni39Q (r- ~ ) ' s  complement : ICu?niY?i?~aainu (r- 1)-s complement .aa~G-au 
uhsls?soauwnk6f!'k ~vluiii i ihmq6tl I$~ildu~n~~in'u~lin?mn"itlvaawaa"wd 
$~JUW fld!~7Ylm~Gl))htl"Iw"~l (r- 1)'s complement 91El~~tl~~iWf dI.4 I 

~nr3iunaaiiu?u~3n rnnnu~n~aa~u1tlu?n6a~~aa o oa:nnuuuim6qtl 
> 

iiu?u~tluyiuooauan ~du u,,, = o aoolaol, 

- 
4 

1 .  LLUU sign-magnitude L L W W L ~ ~ ~ ~ M U I L ~ U ~ ? U L ~ ~ ~  1 ~ U ~ : L L Y I U V U ~ G ~ ~ ? ~ L ~ ~ ~ ~ ~ M  

nsawn ~du -u,,, = o otx)lcn)l, 

2. LLUU sign-1's complement LLWUL~$DJMUILI~U~~UL~~~ 1 L L ~ ~ Y L L W W Y U ~ F ~ ~ ? ~ ~  
E 

1's complement 91lldLE)OJrlUfilldUU L ~ U  -9,,, = 1 1 1  101 10 
A 

3. LLUY sign-2's complement L L W M L S I ~ ~ ~ \ ~ M ~ ~ U ~ ~ Y ~ ~ U L ~ ~ ~  1 L L ~ ~ L ~ , W P I S I U ~ @ ~ ~ ~ U  
E 

2'6 complement PlO4LtlPI~lUt!ildUU L ~ U  -7,) = 1 1 1  101 1 1  

i iu~u~aagiuoo~~~uu8a~l55~Q~6a 7 L L I ~ J ~ ~ L ~ M ~ ~ N ~ ? u ~ ~  û n ~m$oacluiu 



2.8 - a ~ ~ ~ a n a ~ i i ~ ( i i ? d i l d 6  ~ W " I ~ ~ U ~ I U ? U L ~ ~ U ~ I U  8 - - 
(n) n = 3.14159,~ (91) e = 2.71qr-gz' ., 

(FI) c = 2.998 x 10' 

(n) lo101 lolot + I i ilxio, (91) 70356, + 17564, + 21 43, 

(Fl) E109,, + FXMI ,, + BCDA,, 

wau ~arrneid~~d 
(n) 11 - lo101 11, (PI) 4731, - 3564, - 
(Fl) 8FECD,, - 4AFOE 

A'" sqm~armjiuaaadaldu I I i l o  x lolo 

1 4 ~ r u ~ a r ~ u ~ ~ d d a l d E  2714 x 302 

-a~~m~naj7u~uronoia'b~1d c c a o 5  x 894 

-aa~~.iraajiuaaialdd i I I I lcnnal + l o 1  i 

s~n~waaiudaoa 65023, + 145, 

r4t l ls~au~~u~urnnialdd 4BE28 + D7F 

1 ~ a u ~ a u ~ u 3 u d a ~ d ~ n u ~ 3  9 s  complement 

(n) 5250 - 321 (9) 20 - IOW 

9 4 ~ ~ ~ ~ 9 1 ~ 7 ~ ~ ~ 4 d a l d 6 I n ( I l $  1's complement 

(n)  lolololl - ~ o o i l l i  (91) 1m1o1 - 1010101 

(Fl) llllooooll - 1~01011110 (4) IolllcKnn, - 10100111 



2.20 Q ~ ~ U L B P ~ ~ U L L ~ B ~ ~ D I ~ ~ T B ~ U I I  8's complement 

(n) 7645.13 - 2754.26 (91) 15432 - 7 0 ~ 1  

2.2 1 W ~ U  LA&JIU~~DJ~DI~~T~~UI# ~s complement 

(PI) 101 101 101 - 101 11 101 1 (J) llllU0001111 - 111011101110 
i r d r  

2.22 ~ n ~ ~ i u f l ~ ~ d a ~ d u ~ u n ~ n ~ a ~ ~ ~ i t l 0 ~ 6 d n ~ i u ! a ~ m  ~ ~ L ~ u L R ~ ~ ~ u ? w R ~ ~ & ~ E J u  * 

O$U~LYU sign -2's complement 

~a~iwniiwf'luuB;n:Ga ah~n~flsun'imouriuwniiwf6mi~miI#iiu?u~npl 
I~uiiudnamn6a~nic 
(n)  1 oi I l o  + 1 l o w  (91) 0 10101 - o o0111 

(n)  (+65) + (+78) 

(PI) (-65) + (-78) 

2.24 QJM? r's complement LLR: (r-1)'s complement 910J 1.12,,,, 0.378,(,, 11234,, 102.201, 

2.25 9 ~ ~ 1 1 ~ Y ~ ~ R d ~ ~ d d ~ ~ ~ ~ # l ~ Y f T 1 ~ f l i ] ~ 9 1 ~ 1 ~  8 fhl IlAflLL~ll sign- 1's complement 

(n) +o. loloo1 (91) '-0.10001 1 

(fl) + 101 11 .Ol ' (4) - 0 . m 1 0 1  

T~EIII sign-2's complement d i ~ ~  ~ n u ~ r i ~ r i ~ a a r u u ~ ~ ~ 0 1 6 ~ 4 u a u  
2.27 9JMld191~~ X.Y dEl X = 2" . Y = 2' (.01)2 

d 
2.28 Q J M I ~ I ~ ~ D J  X-Y = Z U I O  X = 2'" (:10101)2 Y = 2' (.0111)2 


