Section 2.3

3. Determine whether f is a function from the set of all bit
strings to the set of integers if

a) f(S) is the position of a O bit in S.

b) f(S) 1s the number of 1 bits in §.

¢) f(S)1s the smallest integer i such that the ith bit of S 1s
1 and f(S) = 0 when § 1s the empty string, the string
with no bits.
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9. Find these values.

a) [2]=1 b) 1] =0
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10. Determine whether each of these functions from
{a, b, c, d} to itself 1s one-to-one.

a) f(a) =b,f(b) =a,f(c) =c, f(d) =
b) f(a) =0b,f(b)=b,f(c) =d,f(d) =c
¢) fla)=d,f(b) =Db,f(c) =c, fld) =
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11. Which functions in Exercise 10 are onto?
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12. Determine whether each of these functions from Z to Z
1S one-to-one.

a) fm)=n-1 b)f(n)=n2+1
¢) f(n)=n d) f(n)=[n/2]
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15. Determine whether the function f: Z X Z — Z 1s onto if
a) f(mn)=m+n.
b) f(m, n) = m*> + n°.
¢) f(m,n)=m.
d) f(m, n) = |n|.
e) f(mn)=m-—n.
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20. Give an example of a function from N to N that is

a) one-to-one but not onto.

b) onto but not one-to-one.

¢) both onto and one-to-one (but different from the iden-

tity function).
d) neither one-to-one nor onto. .[3( §
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23. Determine whether each of these functions is a bijection
from R to R.

a) f(x) =2x+1
b) f(x) =x*>+1

¢) f(x)=x
d) f(x) =0+ 1)/(x*+2)
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30. Let S={-1,0,2,4,7}. Find f(S) if

a) f(x)=1. b) f(x) =2x+ 1.
¢) f(x)=[x/5]. d) f(x)=[(x*+1)/3].
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33. Suppose that g is a function from A to B and f is a func-
tion from B to C.

a) Show that if both f and g are one-to-one functions,
then fog is also one-to-one.

b) Show that if both f and g are onto functions, then fog
1s also onto.

Post @y, s omp-to-oul ingles T () =Fr) = s=t
“‘} 'S ohe-to ol figlls J@ =g®) = a=b
To show -Fog 'S o, ﬁb;"(’f\) Q()Téf >(a> (1(30 )[b)

15 S |~| S
= P(gﬁn} *—ﬁgcw) = HUD=20) = &g
Tt woane (£o2)0) =) Tinglies a=b,
Thire o —FOSL 1S Ohe~to —ohe

be‘b‘gt@’f s om/’ - For eadh dwvtcrm C , e is oo bep
_F; B —>cC Sw that Fhy=¢

‘\?Y o onto’ For eadn et b in B )t
%;Aag & & &\ suin ot 48y =b
To Shyw weo?r s onto, for ecade ¢ & (¢, s
( Fegea) )
£ s snto, o exist =0 Sudt that Flgu)=c
St e otto |, for each b |, e exicts o 4eA

SUoA K %(ﬂ)=b
= Jor each ¢ &4, thue eifs a €A sun that
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41. Show that the function f(x) = ax + b from R to R, where
a and b are constants with a # 0 1s invertible, and find the
inverse of f.
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Let f be a function from the set A to the set B. Let S be a
subset of B. We define the inverse image of S to be the sub-
set of A whose elements are precisely all preimages of all
elements of S. We denote the inverse image of S by f=1(S),
sa f~1(S) = {a € A | f(a) € S} [Beware: The notation f~! is
used 1n two different ways. Do not confuse the notation intro-
duced here with the notation f~'(y) for the value at y of the
inverse of the invertible function f. Notice also that f~1(S),
the inverse image of the set S, makes sense for all functions f,
not just invertible functions. ]

44. Let f be the function from R to R defined by
f(x) = x*. Find

a) f~1({1}). b) f7'({x]0<x<1}).
¢ f'({x|x>4}).

oy f(53)= 51,13
) £1(8x[0exer})= Safactinui)
&) £ (8x] x>€f§>: Salae (497 02,60

45. Let g(x) = |x|. Find

a) ¢g~'({0}). b) ¢~'({-1,0,1}).
¢) g'({x|0<x<1)).
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46. Let f be a function from A to B. Let S and T be subsets of
B. Show that
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60. How many bytes are required to encode n bits of data
where n equals

a)4?  b)102 5007  d)3000?
In cample 28 (pic®)  each byte s wmade up of § bits.
@) i n=y, we need [F\= ¢ byte

—

b i h=1(0 , W need \‘_g =2 bybs

&) if n=560, We nesd [2O7= fez.sT =63 byfes
d) 7§ n=3000, We need [0 =367 =305 bybs

61. How many bytes are required to encode n bits of data
where n equals

a) 77 b) 177 ¢) 10017  d) 28,8007
Q) - =17, e nead TTH =\ byt
by - n=l) ) we nead [ rzéq = 3 by
&) 7 n=joo), e head [10L [ ias1] = 26 bt
c\§ T h=28&0 , We nead rzi@egﬂ:ﬂ_%oo\ = 3660 byty




62. How many ATM cells (described in Example 30) can be
transmitted in 10 seconds over a link operating at the fol-
lowing rates?

a) 128 kilobits per second (1 kilobit = 1000 bits)
b) 300 kilobits per second
¢) 1 megabit per second (1 megabit = 1,000,000 bits)
\ , \ -
SeX - "B3 brtag per col|” = 53§ =424 bits per all”

) 25000 bits pep comd x (0 sewad = (280000 brtS

LBSL—LZS:EJ =L30(8,8G"'J = 361§ Cells

= 300 0000

b) 200 00D bits pex Sec. X (0 St

52’52:1: | 705 40\ =005 @lls

C) | 000 000 bits per Sec. K [0 el — | 060 00600

]\00; 0000j Lz 3680 90 j = 230&(¢ Cﬁ“g
2

63. Data are transmitted over a particular Ethernet network
in blocks of 1500 octets (blocks of 8 bits). How many
blocks are required to transmit the following amounts of
data over this Ethernet network? (Note that a byte is a
synonym for an octet, a kilobyte is 1000 hytes, and a

megabyte is 1,000,000 bytes.)  [6p 000 bﬁﬂﬂ = (00 blodes
a) 150 kilobytes of data — 7 | (50D

b) 384 kilobytes of data ST Obd

¢) 1.544 megabytes of data > 3{ ;Fo b X =256 blodks
d) 45.3 megabytes of data




) {1544 000 W: [ (029.333- ] = [0 bhdes

(500

45300060 | = 30200\{ = 352006 blocks.
[ st Y- T
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