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(Write an algorithm that finds the second smallest element among a, b, and c. Assume

that the values of a, b, and c are distinct.)

m"aah

Algorithm 3.2.1 Finding the Maximum of three numbers.
v

&WlFJ?%~  ~U”PdNltaYl%%lkJl&!~@l  9189KlV  a, b, ttRZ  c (This algorithm finds the

largest of the numbers a, b, and c.)

I+ut  : Three numbers a, b, and c

Output : x, the largest of a, b, and c

1. procedure max (a, b, c)

2. x := a

3. if b > x then // if b is larger than x, update x

4 . x := b

5.  if c > x then // if c is larger than x, update x

6 . x := c

7. return (x)

X. end max
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Algorithm 3.2.2 Finding the Largest Element in a Finite Sequence

fhD%J< hfl6k%hJlfl~~R  %Uhh  S,, S,, . . ., S” FXE%U~ $4 while

d

Input : The sequence S,,  S,, . . . , S,, and the length n of the sequence

output : large, the largest element in this sequence

I procedure find-large (s,  n )

2. large := S,

3. i := 2

4. while i _(  n do

5_ begin

6. if S, > large then //  a larger value was found

7. large := S,

8. i := i + 1

9. end

IO. return (large)

I 1.  end find-large
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¶J?fl  1 %w”n”sJ  var, nX¶J?UnlG  VII&j  n”w,  “XV&  GitYl6&40U~5Z%4  var > limit

%Il~R~46fWl+l  #I init  > limit, action ~~~oj~~~IJf6lSfW~lfll~  66@iBciN%@l

Algorithm 3.2.3 Finding the largest element in a ftite  sequence

Input : The sequence S,, S,, . . ., Sn  and the length n of the sequence

Output : large, the largest element in this sequence

1. procedure find-large (s, n)

2. large := S,

3 . for i := 2 to n do

4. if SI  > large then // a larger value was found

5_ . large := S,

6 . return (large)

7. end find-large
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Algorithm 3.2.4 Testing Whether a Positive Integer is Prime

tia”&h%  w@ln0lii1  ilw?ur&Jwl  m rSUu”lwauanwl~H’ioani,  a81Vy  A4

true Zl m %J BlU?UlQWlZ taa&lVjVl I& false 61 m b%G  &U’IUIBWX

Input : m, a positive integer

Output : true, if m is prime

false, if m is not prime

procedure is-prime (m)

for i := 2. to m-l do

if m mod i = 0 then // i divides m

return (false)

return (true)

end is-prime

Algorithm 3.2.5 Finding a Prime Lager Than a Given Integer

k?ano%i wi  Iiuauasawx  r&&p  39 mm%  hawathdn  n

Input : n, a positive integer

Output : m, the smallest prime greater than n

procedure large-prime (n)

m:=n+l

while not is-prime (m)  do

m:=m+l

return (m)

end large-prime
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o"W&-¶MWt UWIB n 6atll%6%ftil  ham nad?iGq~ h&i hp vp11w n

(We can ask for the minimum time needed to execute the algorithm among all

inputs of size n. This time is called the the base-case time for input of size n.)

6mna~i561  mm 6aniamdp ~~Bl6~o1~~~%46w4ons~~lnl5 fT%no~M"ol

53Ki19  fWp~Wu~  WUIA n raal~6%nil6aal  nsdrreifiqn dlflk &qM pIWl@ n

(We can also ask for the maximum time needed to execute the algorithm among

all inputs of size n. This time is called the worst-case time for inputs of size n.)
I .

(Another important case is average-case-time - the average time needed to execute
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10 6,051 6,~

100 6oo,SO! 600,000

1mJ 6O,OOS,OOl 60,000,000

10,000 6,OOO,OS0,001 W@WW~

mfGa0ehii & <B worst-case

time h&I %Hpl PIUIR n &Wt&J  %I; (ii seconds) O~k%l

T(n) = n2  + 1 n + 2
60 6a

d0fllS%  worst-case times a5lWb%.dYjW PIMlFl n Gdafkh  WlSi  (minutes) ww%
I

time &A6 d0n1bh%tl  &HG%l$4saSuA1n4~ 6lltJ%&  ~0ElUGglUii:  t(n)
d 8’

6WUWU  6Moj”0U  n2  Id0 n A& rqwil  t(n) d0 %+%.I  9109  n2 SS”lGd,

t(n)  = 8 (n2)

dluii  “t(n) is theta of n’”
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f(n) = OMnN

dlMT¶J  ~lUX!6&J¶JXl  n IJlfI~l&l

6516&U

f(n) = 0 (g(n))

66a:~Fla’l  f ( n )  6%6&~Il  g ( n )  &I f ( n )  = @g(n))  66X f ( n )  =  ! & g ( n ) )

(Let f and g be functions on [ 1, 2, 3, . . . )

We Write

f(n) = 0(&O)

and say that f(n) is of order at most g(n) if there exists a positive constant C, such that

(f(n)( 5  C,(g(n)(

for all but fanitely many positive integers n.

We write

f(n) = Qg(n))

and say that f(n) is order at least g(n) if there exists a positive constant C,  such that

IfWl  2 C,(g(n)l
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for all but finitely many positive integers n.

We write

f(n)  = @(g(n))

and say that f(n) is of order g(n) if f(n) = @g(n))  and f(n) = n@(n))

GWOpa”  %U~%lIN f(n) = O&(n)) dUfl%  big oh notation p1’09 f

%UVhUh=GJan"Pa f(n) = !&g(n)) dtlflil omega notation 91pJ9  f

66as f(n) = @(g(n)) dtltla’l  theta notation VO9 f

eYaw.h 2 &1,9o1n

n2+n+3  5 3n2+3n2+3n2  = 9n2

%w" c, =9 o1fllnn=hJ 1 o:M%

n2  + n + 3 = O(n’)

1+2+... + n  5 n + n + n + . . . + n = n*n = n2

o1nuww"fJ1aJ  OEb%l

1+2+... + n = O(n2)

hf119Hl  lower bound tS6J&4  flTZJaWfl1Sfh~U  laa~:UMPd8lPdaPdamd~~~~~~~a  1, 2 , .a.,

n&Xl  hwavan  1+2+...  +n Q:%
*

1+2+ .*. + n  2 I+I+...+l  =  n

N%Wh 1+2+... + n = L&n)

~aiaafha  4 $1  k r'hfilwaUa&Jnran  laa=raMPd0lPlarsl~oJ~~~~~~a  1, 2, ,..,  n &au n

Ik+zk+  . . . k+ n I nk  + nh  + . . . + nk  =  n
k+,

&it4 t?lWs"nr n21
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that the best-case time required by the algorithm is @g(n)).  Similarly, if an algorithm

requires t(n) units of time in the worst case for an input of size n and

t(n)  = C&g(n)).

We say that the worst-case required by the algorithm is of order at most g(n) or that the

worst-case time required by the algorithm is @g(n)).

If an algorithm requires t(n) units of time to terminate in the average case for an

input of size n and

t(n) = Ok(n)).

We say that the average-case time required by the algorithm is of order at most g(n)

or that the average-case time required by the algorithm is O(g(n)).

FWJflTiWlUii  0  GhJ Sz  66W  “at  m o s t ) ’ &HJ  “at least” Ipa  ¶Jw~cnB1~14~u

t’XlQ’Z?&  IH’l&llIJ%tO4  best-case worst-case If;0  average-case time 9109&tnD?%J  $4

6ih tilJ~ll~fX&@l  g ( n )

<a&s 7

60n*  + Sn + 1 5 60n’ + Sn2  + n*  = 66n2  for n 2 1

am%??  C,=66 0lflllMih4J  OZ~~'&

6On’  +  Sn + 1 =  O(n2)

6&901fl

60n2 + Sn + 1 2 60n* for n 2 1
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65l0lO%X c,=60  o?nuwGulu waw

60n2  + Sn  + 1 = a(“‘)

!WlYh  60n2+  Fin+ I = O(n2)

66zlE 60”’ + Sn  + 1 = a(““)

.. 6011~ + Sn  + 1 = 6x

2n + 3 Ig n = O(n)

imE  2n + 3 Ig n 2 2n for n 2 1

@Y&6
I

2n + 3 Ig n = Q(n)

6WSl~ia~iU

2n+3Ign  =@(n)

1. for i := 1 to n do

2. for j = 1 to i do

3. x:=x+1
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Algorithm Searching an Unordered Sequence

KlMpdR  CLl H&Tfl &;sb

s,,  s, . . ,,  S”,  . . .

k%d? key, %j,,i?l?%J~  &IJ;PdHl  @?16LMiJ (location) 9109 key 81 ?&RI  key &lIjVl

9109  tYafGw"u i~+iidu  0

Input : s,,  s, . . ., so , n, and key (the value to search for)

Output : The location of key, or if key is not found, 0

1. procedure linear-search (s, n, key)

2 . for i := I to n do

3 . if  key = S, then

4 . return (I) //  successful search

5. return (0) // unsuccessful search

6. end linear-search
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(1+2+  . . . +n)+n

n+l

(1+2+  . . . +n)+n L 2n  + n

n +  1 n + l
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“Bie  Oh” form Name

Qn k n)

OW2)

Wn’)

O(n”‘)

O(m”),  m 2 2

O(n!)

Constant

Log log

Logarithmic

Linear

n log n

Quadratic

Cubic

Polynomial

Exponential

Factorial
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$0  l-32 ~&WI theta notation 0lfi Bn%l9  3.5.3 i?lM%l %lOu”  Wkl~~~

1. 6n+  I

2 . 2n2 + 1

3. 6n3  +  1211~  +  1

4. 3n2  + 2n Ig n

5. 2 Ig n + 4n + 3n lg n

6 .  6nb  + n +4

7. 2+4+6+  . . . +2n

8.  (6n + 1)’

9. (6n+4)(1  +Ign)

10. (n + I)(n  + -7)

n+2

11. (n2  + Ig n)(n + 1)

n + oL

1 2 .  2 + 4 + X +  16+ .  .  .  +2”

$B 13-15 0~ta”Ofl theta notation bp1?lJ  f(n) + g(n)

13. f(n) = B(l) , g(n) = @(n*)

14. f(n) = 6n3  + 2”’ + 4 , g(n) = 6 (n Ig II)

IS. f(n) = (IJ (n3’)  , g(n) =@(n”)

&I 16-26  0&bf1  theta notation 0ltl O(l)  , @(k n),@(n)  , 0 (n k n)

Q (n’) , Q (n’) , Q (2”) PliB @(n!) $lolTU iWXGA  GNl~l¶k~

x := x + 1 0qflfla~vklla

16. for i := 1 to 2n do

x : - x +  1
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17. i := 1

while i 5 2n do,

begin

x:=x+1

i := i + 2

end

18. for i := I to n do

for j := 1 to n do

x:=x+1

19. for i := 1 to 2n do

for j := I to II do

x:=x+1

20. for i := I to n do

for j := 1 to LiJ do

x:=x+1

21. for i := 1 to n do

for j := I to n do

for k := 1 to n do

x:=x+ I

22. for i := 1 to n do

for j := 1 to n do

for k := 1 to i do

x:=x+1

23. for i := 1 to n do

for j := 1 to i do

for k := 1 to j do

x:=x+1
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24. j := II

while j > 1 do

begin

for i := 1 to j do

x : = x + 1

e n d

25. i := n

while i 2 1 do

begin

x : = x +  1

i := Li//2_1

e n d

26. i := n

while i 2 1 do

begin

for j := I to n do

x:=x+ I

i := Lii2J
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