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0 AT LIRS (pseudocode) HgiR
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procedure max(a,, a,, ..., a,: integers)
max := a,
fori:=2ton
if max < a; then max := q,
return max{max is the largest element}
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IRIRIE proced.ure max(a, a,, ..., a,: integers)
max = a, | B
n-1RMEE (I05%) fori:=2ton n-;ﬁ tbi& -
n-1RELER (i<=n) if max < a. then max = q, =2Zn-1R0R1E
return max{max is the largest element}
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‘ "ﬁ?@%% (linear searching)

procedure linear search(x:integer, a, a,, ...,a,: distinct integers)

1:=1
while (i <nand x = a;)
1=1+1

if i < n then location ;=i
else location := 0

return location{location is the subscript of the term that equals
x, or is 0 if x is not found}
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A SINERE E (worst case complexity)

O Bx AP, EX—XtLPraTE
A NEERE: G(n)

procedure linear search(x:integer, a, a,, ...,a,: distinct integers)

1:=1

while (i < nand x # a;)
1=1+1

if i < n then location :=i

else location := 0

return location{location is the subscript of the term that equals
x, or is 0 if x is not found}
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Example: The steps taken by a binary search for 19 in the list:
12356781012 13 15 16 18 19 20 22

1. The list has 16 elements, so the midpoint is 8. The value in the 8 position is 10. Since 19 > 10,
further search is restricted to positions 9 through 16.

12356781012 13 15 16 18 19 20 22

2. The midpoint of the list (positions 9 through 16) is now the 12 position with a value of 16.
Since 19 > 16, further search is restricted to the 13% position and above.

12356781012 13 15 16 18 19 20 22

3. The midpoint of the current list is now the 14 position with a value of 19. Since 19 # 19,
further search is restricted to the portion from the 13%™ through the 14 positions .

1235678101213 15 16 18 19 20 22

4. The midpoint of the current list is now the 13™ position with a value of 18. Since 19> 18,
search is restricted to the portion from the 14t position through the 14,

12356781012 13 15 16 18 19 20 22

5. Now the list has a single element and the loop ends. Since 19=19, the location 14 is returned.
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0 — 48R (binary searching)
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procedure binary search(x: integer, a,,a,,..., a,: increasing integers)
i := 1 {i is the left endpoint of interval}
j :=n {j is right endpoint of interval}
while i<
m = (i +j)/2]
ifx>a, theni:=m+1
elsej:=m
if x = a; then location :=i
else location := 0
return location{location is the subscript i of the term a; equal to x,

or 0 if x is not found}
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procedure binary search(x: integer, a,,a,,..., a,: increasing integers)
i := 1 {i is the left endpoint of interval}
j :=n {j is right endpoint of interval}
while i<
= [ (i +))/2]
ifx>a, theni:=m+1
elsej:=m
if x = a; then location :=i
else location := 0
return location{location is the subscript i of the term a; equal to x,

or 0 if x is not found}
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A &84HE (bubble sort)
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procedure bubblesort(a,,...,a,: real numbers with n > 2)
fori:=1ton—1
forj:=1ton —i
if a; >a;,, then interchange g; and q;,,

la,..., a, is now in increasing order}
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procedure bubblesort(a,,...,a,: real numbers with n = 2)
fori:=1ton—1
forj:=1ton —i

if a; >a;,, then interchange g; and q;,,

la,..., a, is now in increasing order}
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Q3G AHEB (insertion

sort)
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Example: Show all the steps of insertion sort
with the input: 3 2 4 1 5

i. 23415
ii. 23415
iii. 12345
iv. 12345
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Q3G AHEB (insertion sort)
QA% Hjh, KRBT ITREATIZREHEIEY
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procedure insertion sort(a,,...,a,: real numbers with n > 2)
forj:=2ton
1:=1
while g; > g,
1:=1+1
m = q;
fork:=0toj —i—1
aj—k = aj—k-1
a:=m
{Now a,,...,a, is in increasing order}
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A SENERERE
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24+3++n
ANBEERE: 0(n°)

procedure insertion sort(a,...,a,: real numbers with n = 2)
forj:=2ton
1:=1
while q; > q
1=1+1
m := q;
fork:=0toj —i—1

ik += Qjjes
a,:=m
{Now a,,...,a, is in increasing order}
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procedure matrix multiplication(A,B: matrices)
fori:=1tom
forj:=1ton
Cjj = 0
forg:=1tok
Cj = Cj+a;b,

return C{C = [¢;] is the product of A and B}
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procedure matrix multiplication(A,B: matrices)
fori:=1tom
forj:=1ton
c;:=0
forg:=1tok

return C{C = [¢;] is the product of A and B}
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procedure change(c,, C,, ..., ¢, values of coins, where ¢;> ¢,>
> Gy n: a positive integer)

for i:==1tor
d;:= 0 [d; counts the coins of denomination c|]

while n >¢;
d;:= d;+ 1 [add a coin of denomination ¢}]
n=n-c,

[d: counts the coins c]
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TABILLE 1 Commonly Used Terminology for the
Complexity of Algorithms.
Complexity Terminology
O(1) Constant complexity
® (log n) Logarithmic complexity
On) Linear complexity
®(n logn) Linearithmic complexity
O (n?) Polynomial complexity
®(b"), where b > 1 Exponential complexity
O(n!) Factorial complexity
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TABLE 2 The Computer Time Used by Algorithms.
Problem Size Bit Operations Used
n log n n nlogn n? 2" n!
10 3x107Ts  1070s  3x10710g 1079 1078 s 3x 1077
102 7x107Hs 10775 7x1077s 1077 s 4x 10 yr =
103 1.0x10710s 10785 1x 1077 s 107 s *
10 1.3x 10710 1077 s  x 1070 1073 s * *
10° 1.7 x 10710 g 1076 2x 1077 s 0.1s *
109 2x 10710 1079 s 2x 10745 0.17 min  * *
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