
. . k, ( (h-1  )/(lnr)2) =  0

17-20

=3 (lnr-l)/(lnr)*  =  0

Addition of two single binary digits
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1110

11010

10011+

101011

1100110 +-- s u m

22121 +-...- carries

1110+

11010 partial

101000 -sums  -...+

111

101000 +

10011

111011

111011+

101011

1100110 + s u m

11 11 + carries
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110010 - 10001 = 110010 - 010001

= 110010-(lllll-  101110)

= 110010+101110-11111

= 1100000 - (1000000 1)-

= 1100000 - 1000000 + 1

= 100001

“7mu”mJdds~“g$  oe~~d?n’l~u~u~Bu~~i

110010 - 110010 +

010001 101110 + complement

-L  100000 +

1 + end-around-carry

100001 + result

(a)+ 192=+ 11000000=+0.11x2* I(O) 11000000000 J m(o)

(b)+1920=+11110000000=+0.1111x21’ I(O)  11110000000 1 [ololl]

(c) + 19.25 = + 10011.01 = 0.1001101 x 25 j(O) 10011010000 v(o)

(d) - 192 = -11000000 = -0.11 x 2’  = 1.01000000 x 28 [ (1) 01000000000 /-qyEq

(e) - 19.5 =-1OO11.1=-O.1OO111x25

= 1.011001 x25

(using twos complement)

(o-O.125  =-0.001 =-0.1 x2-‘=  1.1 x2-’ I(1)  10000000000 j I.(l)llllol

(using twos complement for both mantissa and index)

(g)  + 0.046875 = + 0.000011 = + 0.11 x 2d I(O)  11000000000 I v(1)

CT 105 489



~~a~u~a~ernrl=W~l~~l~~~  one’s Complement 118:  two’s Complement

Ones complement Twos complement

(1) Rules for complementation

(a) Change I’s to 0 and O’s to 1. (a) Change l’s to 0 and O’s to 1.

(b) Add 1 to least significant digit.

(2) Rules for addition with complementary numbers

(a) Add in binary. (a) Add in binary and discard the carry

from the most significant digit.

(b) If there is a ‘ 1’ carry from the most

significant digit, add it to the least

significant digit, and action any

further carries if necessary.

(3) Advantages and disadvantages

(a) Simplest process for complementation. (a) More complicated complementation

because of need to add 1 to least

significant digit.

(b) More complicated addition because

of ‘end-around-carry’.

(c) Inconvenient for serial arithmetic

because of ‘end-around-carry’.

(b) Addition simple because most

significant carry discarded.

(c) Well adapted for serial arithmetic.

(d) Two values for zero, one negative

and one positive.

(d) One value only for zero.

(e) Unsatisfactory for detection of

overflow.

(e) Easy detection of overflow.

(f) Floating point arithmetic difftcult

because ‘end-around-carry’. must be

from most significant part to least

significant part of the number.

(f) Floating point arithmetic simple to

implement.
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1001

11 x

1001

1001

11011

11101

1101 x.-

11101 (a)

11101 (b)

11101 (cl

101111001



m”aseiisZ  1 (101111001),+(11101),

1101
'101111 -
011101~-

101111 +
+ 100010 complement

end around carry

10010

100100  +
+100010 complement

000111

and so on

1011110012-'11101~= 11Oly

101111001, f 11101, = 1101,

1. 0.1010, = (l/2  + l/8),,  = (5/g),,

2. (1 l/32),,  = (8/32  + 2132 + l/32),,  = (114  + 1116 + l/32),,

= 0.(1/2)  + 1.(1/4) + 0.(1/8)  + 1.(1/16)  + 1.(1132)

= 0.01011,

492 CT 105

3. (1 l/16),,  = (101 l/10000),

= 0.1011,

(An alternative method of calculating such fractions

is binary long division as described in the previous

section.)
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hX.il~ (128),,  = (100000000),

= .10x2*

+ a

mantissa

+b
I

index
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(a) 110 x 2’ (b)Oll  x2’ (c)  001 x 29

CT 105
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LLi=E Y, = Yl.Y,

kc.! Y, - x3 = YrY2  - x1.x2

Y3 -x3 Y,.Y2 - x1.x2

3 x3 = x3

Y3-  x3 Yl.Y, - Xl%

&iLl X3 XIX2

f%MUW%fl R, ‘%I  relative error product

Y3 -x3

R, = x3

YI - XI Yz - x2

R, = x, 66AE R, = 3
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CR, + l)(R,  + 1)x,x, - x,x*

,

s R, = (R, + l)(R,  + 1) - 1

error
” II

II 0.26x  1.35 = 0.3510

fhUPl%~  relative error 9109  0.26 80 0.005/0.26  M 0.0192 = R,

UtX,KW4U~%%?  relative error 9104  1.35 40 O.OOO511.35  = 0.0037 = R,

&IfU relative error dG944@l  %%lOlflfllS’@j~U0~  0.26 x 1.35 $0

R, < R, + &

5 0.0192 + 0.0037

R, 5 0.0229

MiLd0Wfl

4

R, =

product

A3 = R3x  (product)
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Multiplicand (M)

M u l t i p l i e r  (L)

Add multiplicand M

* Shift partial product, a, right

** Shift right

AddM

* Shift right

Add M

* Shift right

** Shift right

Answer

Overflow Double-length register

11101

01101

11101 00000

01110 10000

00111 01000

1 00100 01000

10010 00100

1 01111 00100

10111 10010

01011 11001

1011 11011

500



) Time

256 128 64 32 16 8 4 2 1

‘$d  17.2 Pulse train representing 100110101
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Master

squared

clock

Word

marker

Digit

clock

l-l l-l

l-l-n Ill-L

8-bit pulse train - Word gap --)  Next

w o r d

Jd 17.3 Master clock, word marker and digit clock
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Input I-In  l-l l-l 1

g---.-Word  X + Arithmetic

i-l n 1 unit

dord  Y -

-4X Arithmetic output
nnru7t-i 1 1

t Word(X+Y) + Word marker

%d 17.4 Addition of two numbers by arithmetic unit

----b
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1. (lllolooolll)*=(?),o

2. (15747),  = ( ? ),.

3. (lBE7),,  = ( ? ),.

4. (64E5),,  = ( ? ),.

13. (100010101001), = ( ? ),.

14. (37456),  = ( ? )z

15. (112234),  = ( ? )2

16. %od6t&iZ:G0d00  Qi¶J%Ni=lW~lU  2

(a) 101110 (b) 111011 (c) 101010 (d) 100011 (e) 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

1 8 . For each pair of binary numbers given in question 16, subtract the second number from

the first.

1 9 . Add the following sets of binary numbers:

(a) 111011 (b) 1101 (c)  11111

11001 11001 1001

100011 11111 1110

.u m m
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a.

20. Multiply the following  pairs of’rinal-y numbcls:

( a )  1 0 0 1  ( b )  1100 ( c )  I IOG (c!)  IOI  10  (e)  10101

-II -10 A 1 o_;  ? .I11

21. For each pairof  binal)  nunnbc~~  give11  in c!uestion  20, divide the  second number into

the first.

22. Convert the following binary  decimals  into dcnary fractions:

(a) 0.01 1 (bj 0.1 II (c)  O.1100 (d)  0.0101 (e)  0.1 I I1 I

23. Convert the following dcnary frachons to binary decimals:

( a )  9/16  ( b )  1302 ( c )  7;3  (cl) 2502 (e)  l5il6

24. Convert the following decimals to bil!ary  decimals:

(a) 0.53 175 (b) 0.28175 (c) ir.40675  (,d)  0.9375 (c, 0.21925

25. Convert  the  following binary decimals  to decimals:

(a)O.llll (b)O.OlOl  (c)O.lWOl  (d)O.lOlOl  (c)0.11011

26. Convert the following octal numbers tr,  binary:

( a )  5 2 3 6  (b)  7025  (c)  3144  (tl) 2617  (c)  4502

27. Convert the  following binary numbers to octal:

(a) 1011011 (b) 10011 (c )  110010 ((1) 1011011 (ij lllOlOlllO

28. Convert the following denary numbers to octal and then binary:

( a )  192 (1~)  2 6 5  ( c )  312 (d)495  ( e )  518

29. Convert the following binary n~m~bers  to octal and then  dcn:iry:

(a) 11101011 (b) IN llOl)l (c)  11001001 (d)  1011101101 (c) 100001110

30. Perform  the  following binary additions for numbers ill the range -1 5 x ( 1, written in

twos complement form, and check their consistency by changing each line to the decimal

cquivalcnt. Indicate, where  ?ppropriatc,  whether an overflow or underflow takes place.

(a)O.lOOl  ( b )  1 . 1 0 0 1  (c)O.llOl (dj0.1111  (ej I . 0 1 0 0

o.0101 ~.ll(jO (LLJ!lLL !JJU&i 1.0011

3 1. Express tbc  following 6 bit wt~ds.  writtcti in two?  complcmcnt,  as (I) signed decimals in

therange-l <xc1 and  (ii) sigl:rd  integers nqing  the scaling factor 2’.

(a)011100 (b)WOlll  Cc.)  lll1OO  (rl)lt~lOlO  (c)l10101  (f)O10011  (g)Olllll
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(h) 111000 (I) 101011 o’)OOllll

32. In a 12 bit register, the first 8 bits 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  (I) 101010001111

33. Write the following numbers in the floating point form a x 2b, where a is optimized.

Insert the information in a 12 bit register such as that described in exercise 3.

(a) +96  (b) +69  (c) +30.5  (d)  -1.25 (e) -0.046875 (f) -0.375 (g) +28.75

34. Using a register such as the one described in question 32, show its contents when

recording the following numbers, and calculate the percentage error in each case.

(a) 0.4 (b) 1.4 (c) 4.7

35. Calculate 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.

(a) 4.53 + 7.234 (b) 0.32 x 1.48 (c) 6.543 + 3.2786 (d)  3.56 x 2.13

36. Using the layout of Fig. 2.11, perform the following multiplications:

(a) 11111 x 10110 (b) 10001 x01101
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