17-20
. k, ( (Inr-1 )(nr)) = 0

= (Inr-1)/(tn r)2 = 0
Inr = 1
r = e

Taoh e AD A12.71828
a r:: o [+ o v
daiu radluhl1dfe 2 uTe s drdlu 2 ARedonmuge 2 uazdeicfiuz
1 g 1 { g o ' o 1 1
nAedanmagy 3 ez ldh iyl ldnfeadsmwanuswdazmaliidua g
o ] d a3 =3
fo duily r - 2 A liudazratnnuansouans’ld 2 vumas 0,1 wazidur=3 foz
9 3/ ] 3 ~ 1 Y 38 =
dosardanteanui Aeudazma lniianuamisouansIdne 3 vumaefe o, 1,2
[ = . '
Tununilueseeeil magnetic device Vept1aINTOMaAINa tdTU 1489 3 na
Qs T 1 R o = < A = ¥
AIDUNIYU  square loop coil i}zuﬂﬁ‘lﬂ"lﬂlfﬂﬂ{]m 3N dawimzivumalumsaiis
o dyd o ey =] P 3 ] [ ]
gUnsalilsznninese uadrnatonnez e two-state system 1A wsizdon N lums
T ouuazdwmseiudoulvednatuluFeufsadugunsel Infh #fidfiss oN no oFF u

o @ o o A o 2 ¥ :j
YUTNMITAATU 19 NN TRUE Y158 FALSE 197U

msfnaluszumavgIu 2
NMTUIN
=¥=1 -1 ar P=1 [ ]
msmnimmgmim ﬂﬂJ!m’JﬂﬂLﬂfJ’Jﬂ‘]_lm"Ujj'm 10 LWUQ&WI')"I!ﬂ“IJ1UL!ﬁﬂ$§'IH

3 ~ o 1 Qs
umzmmmusmummaﬂu“lﬂ
fAenan 1 11010010110 +

__ 1111011

11100010001 sum

11 carries
Addition of two single binary digits
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1110
11010
10011 +

101011

1100110 ¢ sum

22121 +— carries

suanaiimsuan
1110+ 101000 + 111011 +
11010 partial 10011 101011

101000 ¢——sums ., 111011 1100110 ¢ . sum
m 11 11 g caries

myavluszuavgIHaes
c:’ 1 ) 1 < L) v & =
myaveu s suumIURB NIl AN UM Yamaesledisniiaisey
3/ A Py 4 n’l’ o o = < o ¥ =t =
Avansiunae AsudumesiuIzIMIUfiamImentiamaasmeauay IdResedufen
A o & a wa a s 1 o ﬂ ¥ = v gy '
asmMIvIn ANiu Ujiamsnendamanietnedun Suflussdswfdewldidungszuy
= o Y o L] o ars 9 Yy 9 Q)
voamsunaye Jzfunnld duru dfifansay wdesldiEmsveinmsatiednay
T a g kY [ o 1 a 4 oA 9/ =
A 1ANAY (Complement) W3MFI8 AU BUDIANAVEIUAIAY Afe dusrTiay
o é Qs g s 1
§1UIUNI9 (100111) 1M 2 AU one’s Complement ¥99100111 A5 011000 (Fatne Taan
@ o3y o
vanlahu 1 Complement a1 0 wazdmdnlailyu 0 Complement 1 1)

o Y ] w o A o & Y dy
BRnsansogamsaviuuoaavs i S uiiums laaeiine .
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110010 - 10001 = 110010 - 010001
=110010-(11111-101110)

110010 + 101110 - 11111
1100000 - (1000000-1)

1100000 = 1000000 + 1

100001

] 14 ko »
nssvammsavfidsingil wwaqyIdiludunoudad]

110010 - 110010 +
010001 101110 ¢—— complement
1000 P

100000+
1 —— end-around-carry

100001 g—mn result

azedsneliliazuanadsmsfumudnauniieg luszuuneuniunes

(a)+ 192 = + 11000000 =+ 0.11 x 2°

[ (0) 12000000000 | [(0) 01000 ]

(b) + 1920 = + 11110000000 = + 0.1111 x 2" [(0) 11110000000 | [{0) 01011 |
(c) + 19.25 = + 10011.01 = 01001101 x 2° [(0) 10011010000_| [(0) 00101 |

(d) - 192 =-11000000 = -0.11 x 2° = 1.01000000 x 2* [ (1) 01000000000

1(0) 01000 |

(using twos complement )

(e) - 195 =-10011.1 =-0.100111 x?2

[ (1) 01100100000] | (0) 00101 |

= 1.011001 x 2°

(using twos complement)

(£-0.125 =0001 =01 x2%= 11 x2°

(using twos complement for both mantissa and index)

[(D)"10000000000 | [-(1) 11110]

(g) + 0.046875 = + 0000011 = + 011 x 2*

CT 105

[(0) 17000000000 | [(1) 11100 ]
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o

JonfFoumaussnamsly one's Complement #ag two's Complement

Ones complement

(1) Rules for complementation

(a) Change1’sto 0 and O’s to 1.

Twos complement

(@) Changel’sto 0 and O’'sto 1.

(b) Add 1 to least significant digit.

(2) Rules for addition with complementary numbers

(@) Add in binary.

(b) If thereisa*!’ carry from the most
significant digit, add it to the least
significant digit, and action any

further carries if necessary.

(@) Add in binary and discard the carry

from the most significant digit.

(3) Advantages and disadvantages

(@) Simplest process for complementation.

(b) More complicated addition because
of ‘end-around-carry’.

(c) Inconvenient for serial arithmetic
because of ‘end-around-carry’.

(d) Two values for zero, one negative
and one positive.

(e) Unsatisfactory for detection of
overf1 ow

(f) Floating point arithmetic difficult
because ‘end-around-carry’. must be
from most significant part to least

significant part of the number.

(@) More complicated complementation
because of need to add 1 to least
significant digit.

(b) Addition simple because most
significant carry discarded.

(c) Well adapted for seria arithmetic.

(d) One vaue only for zero.

(e) Easy detection of overflow.

{f) Floating point arithmetic simple to

implement.
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mMigauay HanmIguveuavgulan wiidEmasuRIiumugiu 10 gan

etadelui
A0819MIgaIaY
1001 11101
11 x , —1101 x
1001 11101 (a)
1001 11101 (b)
11011 11101 (c)

101111001

] s
tdnidunadmiumsgauavgusuou a daoeudiou b Tashisniau biiusy
a o w d - - g o Y oA '
Auaviiogluztvesny 2 snide x Avunefamsmasutuinveuas a liimedhoile i
ar = Y a 9 I o o Y a'y ar [] a =1N
v x Inududu o ldvhioswauiniifte gandediedail
1001 x 10 = 10010
1001 x100 = 100100
1001 x 1000 = 1001000
vzt 18 10 Aflo 2'
100 fife 2°
1000 Al 2’

-] a a
AABNTIIINULN

x

o 3 23 a = ]
Autiu mIguAduas 2’ NAeuiiv o meynile 1y 1 In uazdgudon 2

- o L) ¥
0 W'N'U'J']llﬂl{lu%’]u'lu x1UN Li‘.]uﬂu

Y ' v
NMIRIVIAY ﬂ'l'iﬂ'ﬁlﬂ‘\ii'luffﬂﬁﬁ‘u fiﬂu{l,'N%3QOU1ﬂﬂq¢ﬂuﬂi¥ﬂ')uﬂ'liﬁ']u')mﬁﬂ
a8 o v Aa vy v g
Hua ﬁ@ﬂﬁ‘lﬂgﬁﬂﬁﬁﬁﬂﬂ'hﬂglﬁ}lﬂ f1FI0
0.1, = 172),
0.10), = (1/4),,
(0.100), = (1/8),,
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@aeeafi L (101111001), % (11101),

1101
11101)101111001 101111 = 101111+

11101 @ 91] 19L — s 100010 complement
100100 @%

11101 @) end around carry
111
11101

T 100100 — 100100 +

0111071 ——— 100010 complement

oo

000111

©

and so on

101111001, = 11101, = 1101,

101111001, = 11101, = 1101,

a1
#0819 2

1. 01010, = (1/2 + 1/8),, = (5/8),,

Aaenan 3
2.(11/32),, = (8/32 + 2132 + 1/32),, = (1/4 + 1116 + 1/32),,
= 0.(1/2) + 1.(1/4) + 0.(1/8) + 1.(1/16) + 1.(1/32)

= 0.01011,
v LI a;
f39814N 4
3. (1 1/16},, = (101 1/10000), (An aternative method of calculating such fractions

= 0.1011, is binary long division as described in the previous

section.)
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0 L% =y d
ﬂ'liﬂ'l?iuﬂﬂ‘Jm‘iﬂ‘uﬁmﬂ]ﬂﬂﬂ‘ﬂﬁl!ﬂﬂ‘i

{Number Representation)

Ed
a

- o a & g 1 e - L4
mapusiuavnouladrunitanesl uRuR UMY YBIRDUN AN 1
-l a [ :j . . =4
szl lumsianuvuesvesswanauiulugiuuuyed sign tag magnitude Taoh
. 2 A a o M l &4 o ° 3
sign MUNEDAUNTOIMNGNVAUAMNAAT AD + 130 - Fluszuuavgudenivzimualy
. == [ , g @
sign + NAOIAY 0 @2 sign - AAD 1 DS
AMATMIUNUANNMINGYD ARYaUBNLUUA A uWHUMIAuud TuiEpiveans
4 — q’: ' I = o ar M
AuAfD MIUNUNEIAUTY AUDIAIUANAN (Complement) Y0910
o v v ; ey ] o S 9 1 3
fstane izuaaddimaumumueaavuauuinuasay laolidennasdr 14

32UV 6 UN/word

Assuming a 6 bit word, write downas binany decimals the fractinns [ Ao Dand then wrine
down .. 1. « 1 Lwos complement form
3 y 1oy 2 Y vy _~, 3
TN L A D IR B
f‘:_ (ones complement)y — b 0 0 { ! 4] |
— = 2 (twos complementy = 10 ! | | 0
13 S . U (S B
3 {ones complementy — | (L ! !
-3 = Jgwoscomplementy - 1 010 00
ta L R R B VL
I(ones complement) - 10 00 1
3= # (twos complementy = 1 .00 | 0 0

MU 1M 1uaulugived Fleating Point
° ; A vad v A Y 3 ° 3/ -
msfimuaiuims lsnudoyaniuduaviu maunsanszdld 2w Taon
o =) ¢ & o o & o d o '
wpuusnnfe manumuiutiuluglveaninway Famsianuiu szegluglves

. LA A v @ w oA ¥ ' ' ~ o
Fixed Point ﬂ@zﬂ!lucﬂ'ﬂﬂﬁ'lﬂaﬁluﬂ"ﬁﬂﬂlﬂﬁﬂQﬂﬂa'l'??J']!la'JelUﬂ']ulﬁﬁﬂ AIUNTUUDINITIY
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4 4 5 4 A , .- ¥ 4 yd 4 . &
spauiiuilszinniasafie Floating Point 1y 151deamishies Iiuig Smusiuannse
o 9 n’: A 1 a o o a 3 ar o
iy Idiuaseavane mvdruidlus iy uoznefisuwdoun fu - msiduaalugl
& ] ¥ ]
484 Fixed Point foanasdmiuiud 7 in iudlufinswegisszavuinuazou 18l
= v o a P - v g
-64 99 +63  aarudminmaudiulalndidl i 98 we dinil w -100 szdaAy
vl wly sl 1!4 Qe -~ o a a"u = ‘IJ
W18 lumalfifauvesnounames sziSenanmiin anudawanlszinn Overflow
139 Underflow 11184

a o n’z’ as o o o ° 2
ﬂ'lﬁ‘ilﬂlﬂu‘l,ljﬂﬂg,ﬂﬂﬁmﬂ“ﬂ Floating Point 41U ﬁﬁﬁﬂﬂ'lﬁ mumﬂjmmuﬂlﬂmu’mwm%

.

e Floating Point 93 gaunalvifiu 2 dau &afl ax® Taud 2 ffed MU0 mantissa #
ffegsznde -1 <x <1 waz b fuwassnoaudnlen fewduaoniouind1d

farht avdanm 96 flozdaiiugalues Floating Point ssgnianissvuadau Tifu
;ﬂuuvﬂsmgﬁ'ﬁ:ﬁﬂ

(96)10

(1100000,
d1x2

It

110 0111

fraveia (128),, = (100000000),

= 10x2’
- 8
100 1000
] }d
Insa31Taevia 1o Floating Point szifiugiluuudiife
+a +b
mantissa index

ar r 1 o A =Y P & =
fetutu dusdmuald 1 word veanTosmouiumesszuuviis Ussnoudae 32 in

¥ ¥ ]
Farfu $1u9u 32 In sxgruniseenuidiuaedmAsduusn 23 fin sxgaldilluiuindia

H a 4 o a A -~ ° ¥ d:’ & o 3 a
HAasMIUNTOIADDN 9 uwwmaan:qﬂmnuﬂ"lwd'fluwuﬂmu b AIUUVDVLAUNYBDIUDUN
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e o o [ T 1 o
Usinpluiundiu b Aaziinegszring-2° 81 2°- 1) MSsd v -256 H3 +255 Tuszuy
a
= o :: ! ' ISP 1 ' 256 =2 255
@YADY Faiu muesdnved index aiinagszndng 27 fa2
a © Qs =Y o :: a
sEAUANUNARIvBIMsAIad ey TasszuunauiIwesulinasnasivua

= o g a § o
ynavesinlumanudeya msedmniidwandnun Aundiuves auaz b Hezinn

o o

IR a d w L. < 4 ¥ 4 o o
ﬂTﬁLﬂﬂﬂQUﬂlﬂULﬁmuﬂﬁ1ﬂﬂJ (Slgmﬁcam number) ﬂﬂ"u‘fmU‘lﬂﬂTﬂ SEIHADTINNTIATHIVUNIY

. ¥ ¥ Y o 8 E [l
Taandeanntaiu Matlilsinnnmamuranivinezi msilamunaduilsns nnusua

|
]

o ‘ o ~ ' f { o g o
MARIINNTTRTUIU flﬁﬂﬁlu1ﬂﬂnﬂ’(l?ﬁuﬁc] FLIAOVUUIDG)

¥ ¥ Y v
T IUVeINUN a AD mantissa WU 9Z5UIN (0) 100... 003 (O) 111 ... 111

dwSuaunan wag (1)000...000 9ude (1) ot ... 111 dmiuovay lesfaviiog

o = A =) v A a s o I A o '
t1'1—‘!']3!fﬂ‘]J‘Vi';J'IEJﬂ§'l FIDINUWUINNIDAVAINDTU 18U ﬂﬂ'}ﬂﬂﬁ?ﬁﬂ’lﬂﬂﬂﬂﬂ‘lﬂu

110 0111 011 1000 001 1001

@ 110x 2’ ) 011 x 2° () 001 x 2°

Tawa T ezdmaumididu ) 18veq mantissa mﬂqm@ia"lﬂﬁy

(R)<a<1 Tasfi R azvineds gmmaai’fagm‘fuq dodazu dufluszuuiaa
g7 10 AIUDY mantissa 30 1U¥ 1< |a[<10

Fregrmafudoyn wwavdmaunila y1u 10 fawidy 000405 vgniaitulu

71) 0,405 x 10° d2uiaw 23456.78 wwgnimAnluguves 02345678 x 10° Hudu

LY 1 J ; s < . . A b Y ' [}
fot1990 1T ezuana3Tn 31N Floating Point Number Ao ax2° Tnslidonnaidie]d

o Pt ' Ve = 1 . =Y
?%ﬂmﬂ’iﬁﬁﬂ’mmm mantissa INNU 12 YNUBSTIUYDY index 6 UN
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Register capacity

The idea of a register is commonplace. and a typical clectro-mechanical register is the
mileometer in a car which operates in base 10. In a computer the register is clectronic and
eperates in base 2. Frgure 2.8 illustrates the limits of the register contents and it is desirable

Car { nimputer

Largest noohet a 3] 9 Q a L 1 1 t ! 1

Sinaliest number 0 0 0 0 0 { [

ANUHANMIADHINADINATAIU I

¥
Tdoundu lgSinmsuauavgulag Tudmvesaumudiu sziuldhunands

' { & ' & ' a
s liennsonssudasevningunils llgdngunila1dedegadvensudou veldiesan

qmnﬁaathqda'iﬂf: Wnlas (6),, Tdlumugrumes
0.6 =3/5=11/101 0.10011001
101 ) T1.00000
101
1000
— 101
1000 '
101
11 the pattern repeats

itself

496

CT 105



© =4 aa o & =y =)
duaninav (0.6),, Pz 2 v1STmae ) mantissa 8 1M UAZ index 4 1M

Y1 o r U ;
iz lamdenandsingdail

0.1001 =0.1001 x 2" |(0) 1001100 | |(0) 000

£ U N . o g 1 & £ T oo 1o
a9 11 IUA YD mantissa TIU AADA1YDY 19/32 %Qﬂ:ilﬂ"lll.ﬁlﬂﬂﬂ‘ﬂﬂﬂwfiﬂulﬁ MmNy 3/5 -
2 a g = P = iy
19/32=1/160 cmﬂmﬂummm]wmﬂqaﬁq (1/160 - 3./5) x 100 = 1% HIANUNANAIAUIZ
[] 1 = o é o roas =1 i 1=y t A’l d’. = A é‘ =1 Fl
mwam‘lﬂmmsmmmmUq"lnum'mmmm_wﬂwmﬂmﬂmuauwmﬂﬂzﬁmwmuaﬂﬂ’w

a o -~ @ a w o ©
Li'ﬁ!z']!ﬂ'iWgﬂiﬂiqﬂ‘}"mﬂﬂ\?ﬂ'Tllmﬂwa’]ﬂﬂulﬂﬂ%"lﬂﬂWTi]ﬂlﬂU ATTATUITU ﬂWﬁtﬂ‘ﬂlﬁB
14 b
e 18asil
o ‘& ] 1 o4 o d,‘dl .
wysnuniianiadly 2 dw Taolipluuudeiifie x,=x, +x, - (1

¥
-~

° Y ar 1 o o o
fmualifszinumduasanan uassanu Mlugluuy deiife

Y3 = y] + 27 (2)

Y]

(e y,, y, uaz y, Huswsznaiiaiu)
11(2) - (1) 2 1dwadnine
(y;-%) R (y,-%) +(y,-%)
Farh A, R A +A,

{ ) w w o =
Tao# A, Mueds aANUHANMATUNNTS (Absolute Error) Tuimand i

Ed
3 o

St eevzidisuzduuunnufianaialddaiine
Ayl = 1A+ 1A
Fathenell Hezudamaninanuianaialumsdaeny, JumsAnnuveuay 2 S fie
8.42+1.357=9.777
fmuald A, : maximum error in 8.42 = 0.005

g A, : maximum error in 1.357 = 0.0005

¥
@ as

94 maximum error Y9461 9.777 AfD

A, S A FA,

A, < .005 +.0005
< .0055

o ]
S TUATAAINMTATIINUDY 2.42 + 1.357 aziianilu 1 18Ae 9.777 £ 0.0055

¥ ¥ H
ar @ =4

3 b [l
afumtud i1l 1480 97715 uazadugeiidiu il 187fe 0.7825 vinveuwavesen

Be

Ce

udwazgaiiiulil 14 sefimunivdy 2 ndndie 9.8

=3
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o aa - A o 9 a . a 2 aa o wes o
Ufansnundlacmaniiihldine relative error tRyNnYY AR Mydgliantsguiiuies
<4 . da & yye 4
FHIVUAAL rlative error MAAYU AT

o ' =~ o A A 1 U

fmmuald x, duswiweaavimnunifinisdoyaiiu 2 dowu fle x,, x, wazly
Q a o ¥ 5 ; — at )
Feufeadu fmuald y, iWusiidsznaiu laofavndiavdszinm 2 i fe y,

1
uazry, aniuezldn
X = XX,

Lae Yy = Ni'Ys

U Yy = Xy = YY) " XK,

¥imX Yo¥a ™ 5%
— X, = X,
Y3~ Xy Yi-¥e XXy
8
ﬂﬂﬁu X, XX,

Y3 " X,
R, = x
Y3 ¥
= R, = X%
Tuiieanuaniu
MRS Y2 X%
R, = x uaz R, = x
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9
fafu y, = R, + Dx, uaz y,= R, +x, wnud y, uagy, laumived R, o

1@
(R, + DR, + 1)xx, - XX,
R, = XXy
= R =(R, +1)R,+1)-1
= RR,+R, +R,

] ] = & oA W [ 3
A11iloau191nA1909 R, 1Az R, AB percentage error ¥IUATUBULIN AU RR, —> 0 151
¥
V9dia R R, N4
R, < R +R,

¥
3 v

AR T Mvee R, mszifhinnnieaun1d duiuszidn
Ryl < Ry| + Ry
as ' o Yo 3 =) o o = o .
faeehs Amualiinay 2 $149uAD 0.26 uaz 1.35 HNQUAY TATIZHN relative
error
“S 026x 1.35 = 0.3510
fiuald relative error 489 0.26 #e 0.005/0.26 & 0.0192 = R,
uazdmualy reative error 4949 1.35 A9 0.0005/1.35 ~ 0.0037 = R,
¥ v 1
a1l relative error figafigg MAATINAIRAUVBI 0.26 x 1.35 AiB
R, <R, + R,
< 0.0192 + 0.0037
R, < 0.0229

LALBI9n

product

A, = R;x (product)
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A, = 0.0229x03510
= 0.0080

'
=t

Taeft product zfiariihu il 1degszninfiqegafio 03430 uazerfigagado 0.3590

a oA
¥ ¥y
6 a w0 R4

14
A91iU F1YD product v itaviadyAa 0 59 1 Hdn NtioanInAImInMTAIUINET

ypum Al 0.351 £ 0.008

s aan A P . . . o o °
datifgamadeuiin (Shift bit operation) msAuan luavgroaiu suiluse
9/ or a e ‘=i=l 1 A Py 9 [] A‘| ’ =) o o ar [] A
aoaeAelRiansnisen maneuiindungin edszaninwvsimsiiniuaiiedan
] ¥ 4
merinnldgluisesvesnrsguiny

L d
Asas o A

8f
Ay dmsumIgasavuaesvdidtaAutumsasiine

Overflow Double-length register

Multiplicand (M) 11101

Multiplier (L) 01101
Add multiplicand M 11101 00000
" shift partial product, a, right 01110 10000
** Shift right 00111 01000
AddM ! 00100 01000
" shift right 10010 00100
Add M 1 01111 00100
" shift right 10111 10010
** Shift right 01011 11001
Answer 1011 11011
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o 9 o 4 o o n’: - -
vingd fmuald Muaz L dhway 2 Swoufiezdinsgadu Tasdussuilsingiud

msdfanislumies

s 3/ a <
aﬁm51mumagm°lmzuunauwamm

o ~ L3 o oo a o 3 © 4
dyarahidlanngdnssineoids Insindsdyu s lduaasdsdoyafldluszu
P ¢ o & o | y 4 4 a ) ' '
neuiiunes dyanundagiiveserlugiunuadregd@amasy Tael amplitude 8g5EMg
¢ a
6 04 10 Tas Azl

>

Volts

y Time

gﬂ 17.1 Pulse train

- 3 = v . =1 1 s ¥ L Y °
MWNUARITIY 58071 pulse train vy 1411 daanaiiazdeiuaslylusasasiurus
v & A A o 4 ' g bow
aariy diedlenviwruvilagndsiudie Tiiu wwwuennuh dyaansnga wwineda
o o .w [y o o W w 4
@y 1 nanlussuuaugiuges uazdwuda Il Avenunods magiuassdridvdalliGesg

(BY 189 (309),, = (100110101), seiimidedyarumuziindsingaolalil

1 |0 0 1 1 0 1 0 1

] JEjEEREnE)

256 128 64 3% 16 8 4 (2 |1

31] 17.2 Pulse train representing 100110101

1 1 - o 3 - a
AMUDVD pulse train N5 INUUTTVVRABNAIRBTTIU B1vvziludoany 1 &1 (one
. [ =1 ] r =Y . .& =1
digity n3oann A 1a lugeszoznaide 1 1ulashunf beat vo4 pulse time $9979 beat

4 = @ o =a - w 4 4
vosszunTodnouinmesezgniit llnTsumeuniu regular heart beat F3luszuiinTos
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AR AABY heart beat ARG clock rate 1{U109 TAuil clock rate guﬂzgnﬂ’mﬂu
Tae
clock pulse generator Aunalnvesmsdsdaanauazmsiudyanaldififauvesssuy
in3osneuRiune? Suhifimawsatuuazeudyga woutaufiudoya ildyszura
waso 118 sruvneuiimesFaiiqudnymniiy owo-beat machine vu Tuguisng ozl
clock rate AU 500 kHz. Famnwanud e ldumlumsdedagramiiudasadm
ndu 4992 s HI0d1ugy (3ianilsiinanuen 40 fin wldnalumsdedayana vy
40x 245 =80 [ls  MENWIADI UM 3 clock rate TAIUAT 100-200 Mhz. Fananeits
veldm lumsdadaygna 1 ndniAy 100 ns 138 200 ns Wudy

Word gap 51114 pulse train 111 Qﬂﬁmuﬂ%mﬁﬂuﬂﬁﬁhﬁz TUBINIBNILDTMNS
1Won v‘?ﬁiﬁmmmjmmudaz pulse train mmﬁaﬂtjm‘ﬁuf‘:ﬂzﬂszv‘iﬂﬂums‘l%’ word
marker WaTiev2 143117 2 word BERIINAY Tuvaeiidadoyaluziiuuens pulse train

a ' 1 :ly o ey [ ) d‘ 1 -] 1
Aroguae llssuanalfuansd e mv 2 S Taefudns Suovezeglugilves

8 bit/word

Master

e e

clock

Word

marker

Digit
clock (UL UL

8-bit pulse tran 4 Word gap —* Next

word

31] 17.3 Master clock, word marker and digit clock
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¥
ilde hlilszuanamsuinvesay 2 $1u3u fie Xuag Y

——

31] 17.4 Addition of two numbers by arithmetic unit

CT 105

Arithmetic

unit

[nput nr.n n

—Word X —»

M (H

Arithmetic

unit

—WordY ——

output

t Word(X+Y) —

" Word marker
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mdnta
1. (11101000111), = (?),,
2. (15747 = (?),,
3. (IBE7), = (?),
4. (64E5),s = (?),,
5. (64E5),, = (7),, Wlarlildmsadulsvuiounai 18su3519m51e
6. surlfeu 327),, Widhuavgiu 2 @agiu & uazioug i 16
7. valdou (1BE),, Widluavgiv 2 waziavgr 8 A355msnlavuiangu 16 IWidhuay
911 2 @eteu 1ds ufeunrinmugdim 18U unug 8)
8. satlfon (15747), Wihuaug 2 inziaug iy 16
9. (64E5), = (?),
10. (6C4E5),,=(?),
11. (64ES5),, =(?),
12. (6C4ES), = (?),
13 (100010101001), = ( 7 ),,
14. (37456), = ( ?),
15. (112234), = ( ?),
16. Tuuragdoday MuNUIY 2
() 101110 (b) 111011 (c) 101010 (d) 100011 (€) 110101
10110 11001 11011 10011 11111

17. Find the ones complement of the following binary numbers:
(a) 10110 (b) 11001 (c) 11011 (d) 10011 (e) 11111

18. For each par of binary numbers given in question 16, subtract the second number from
the first.

19. Add the following sets of hinary numbers.

(8) 111011 (b) 1101 (c) 11111
11001 11001 1001
100011 11111 1110
10011 1110 10001
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20. Multiply the following pairs of hinary numbcrs:
(a) 1001 (b) 1100 (c) 110G (d) 10110 (e) 10101

11 10 11 oIt A

‘\_.J.

21. For each pairof binary numbers given in guestion 20, divide ihe second number into
the first.
22. Convert the following binary deeials into denary fractions:
(80011 (b 0.711 (c) 0.1100 (d) 0.0101 {e)0.1111]
23. Convert the following dcnary fractions to binary decimals:
(a) 9/16 (b) 13/32 (c) 7/8 (d) 25/32 (e) 15/16
24. Convert the following decimals to binary decimals:
(@) 0.53 175 (b) 0.28175 (c) {1.40675 (d) 0.9375 (c) 0.21925
25. Convert the following binary decimals to decimals:
(@ 0.1111  (b)0.0101  (c}0.10001 {(d)0.10101 (e)0.11011
26. Convert the following octal numbers to binary:
(a) 5236 (b) 7025 (c) 3144 id) 2617 {c) 4502
27. Convert the following binary numbers to octal:
(a) 1011011 (b) 10011 (c) 110010 (d) 1011011 (¢) 1110101110
28. Convert the following denary numbers to octal and then binary:
(a) 192 (b) 265 (c) 312 (d)495 (e) 518
29. Convert the following binary numbers to octal and then denary:
(a) 11101011 (b) 104 {100 (¢) 11001001 (d) 1011101101 (c) 100001110
30. Perform the following binary additions for numbers in the range -1 <x < 1, written in
twos complement form, and check their consistency by changing cach line to the decimal
cquivalent. Indicate, where appropriate, whether an overflow or underflow takes place.
(a) 0.1001 (b) 1.1001 (c}0.1101 (d)0.1111 (e} 1.0100
0.010] 11109 0.0011 1.0101 10011

3 1. Express the following 6 bit werds, writtcti in twes complement, as (1) signed decimals in
therange-1 < x < 1 and (ji) signed integers using the scaling factor 7

(a) 011100 (b)Y 000111 (¢) TILIO0 (43101010 () 110101 (f) 010011 (g) 011111
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(h) 111000 (1) 101011 (j) 001111

32. In a 12 bit register, the first 8 hits are used to represent the mantissa and the last 4 the
index, both in twos complement form. Write the following register contents in the form
ax 2b, and hence find the denary value.
(a)011000000010 (b) 010100000101 (c) 111000000110 (d) 101100100010
(e) 011100001100 (f) 101010001111

33. Write the following numbers in the floating point form a x 2b, where ais optimized.
Insert the information in a 12 bit register such as that described in exercise 3.
(@ +96 (b) +69 (c) +30.5 (d) -1.25 (e) -0.046875 (f) -0.375 (g) +28.75

34. Usng a register such as the one described in question 32, show its contents when
recording the following numbers, and caculate the percentage error in each case
(@) 0.4 (b) 1.4 (c) 4.7

35. Cdculate the size of the absolute errors of the following expressions, in which the
numbers have been rounded off, and hence round off the results to a meaningful number
of figures
(@ 453 + 7234 (b) 032 x 148 (c) 6.543 + 3.2786 (d) 3.56 x 2.13

36. Using the layout of Fig. 2.11, perform the following multiplications:
(3 11111 x 10110 (b) 10001 x 01101
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