Prime Number Generation: the Sieve of Eratosthenes

The Sieve of Eratosthenes is touted as one of the fastest method of determining prime numbers

below 107. The Sieve of Eratosthenes was devel oped around 240 BC. (Visit http://primes.utm.edu for

moreinformation.) The sieve operates in this fashion:
1. Make a list of all the integers less than or equal to n (and greater than one).
2. Strike out the multiples of all primes less than or equal to the square root of n.
3. The remaining numbers are the primes.

The following program generates all the prime numbers from one to n.
The program on page 3 is optimized for evaluating large data sets and arbitrary starting points.

Sievepne(n) =

for il 0..n prepares an array from 1to n
data, =i
j- 2
step- 2
while step £ floor(\/—n) removes the non-prime numbers
step - | while dataj = 0 determines the next prime number
o i.e., thefirst nonzero number
] ]+ 1
data
k- 2xstep
while k £ n replaces all non-prime numbers
with 0
datak—1 0
k- k+ Step
j = J +1
data - sort(data) returns the nonzero numbers (primes)
i- 0
while datgj = 0
i-i+1

submatrix (data,i,n,0,0)

filename := concat("Primesup to" ,num2str(n),".dat")

filename = "Primes up to 100.dat"

WRITEPRN ((filename) := Primes
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n := 100

Primes := Sievegne(n)
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Determining the prime numbers in an arbitrary range is only slightly more difficult. We need to
determine the primes from one to the maximum of the data range. This is accomplished by calling
Sieve, e

Sievegny(data) := | start - datag

n- rows(data) - 1

end - datap,
primes - Sie\/eone( /end) obtains the necessary prime numbers
for il 1..rows(primes) - 1 removes the non-prime numbers
step ~ primes; i.e., multiples of the primes.
- max?'ge@&a”?,zéxstep - sat  determinesthe start position
e esepg g inthe array
while j £ n replaces all non-prime numbers
dataj -0 with 0
jo jtstep
data~ sort(data) returns the nonzero numbers (primes)
i-0
while datgj = 0
i=i+1

submatrix(data,i,n,0,0)

range:= | for il 0..50 0
tempj - i+24 0]24
125 0
temp 2 (26 0|29
3|27 131
4 |28 2 (37
5 |29 3|41
6 |30 4|43
range = [ 7 [31 Sieveany(range) =| 5 |47
8 [32 6 |53
9 (33 7 |59
10|34 8 |61
11|35 9 67
12|36 10|71
13|37 11|73
14|38
15|39
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The array-size can slow the processing of large ranges. This routine breaks the job up into
smaller pieces of up to 5-10° test numbers. Each set is sent to Sie-\/eany in order.

The routine aborts when the prime number array reaches 7.8-106 (MathCads array limit is 8-106 element:

: L . ayange O .
Sieve(initia ,range) := | number - celgg g 9 determines the number of sub-arrays
e5x10" g
Size— Ce”éaarange 0 determines the size of each sub-array
enumber g
primes- 0

for il 0..number- 1
data- |temp- O generates the sub-arrays
for jT O..size- 1
tempj - ixsize+ | + initial
temp

temp2 - Sievegny(data) determines the primes in each sub-array
_ _ and combine the primes returned
primes - stack (primes, temp?2)

break if rows(primes) > 7.8 ><106

submatrix(primes, 1, rows(primes) - 1,0,0)

initial := 0 initial number 0

range:= 1 ><108 range of numbers to test

N|OaWwN]|E-

Primes := Sieve(initial , range)

Primesp = 1 first prime number

i i 1= last pri b .
Primesast (Primes)- 1 = 99999971 prime number Primes =

OlO|N|[O|O|R]|W|IN|F]|O
[N
[N

rows(Primes) - 1 = 5761455  number of primesin range 19

23

. I " N " " - 10(29
filename := concat ("Primes between " , num2str(initial) ," and " , num2str(initial + range) , e
filename = "Primes between 0 and 100000000.dat" 12|37
WRITEPRN((filename) := Primes 13|41
14(43

15(47
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Distribution of Primes

Primes := READPRN ("<filename>" )l load a pre-saved datafile instead of generating them with Seive.
bins := 100 i :=1..bins space = : (Primes) interval; = spaoexg'la- 19
j=1.bins- 1 bins e 2¢

f := hist(interval , Primes)

Prime Number Frequency

T T T
0.07 -
> 0065 - .
o)
=2
g
L 0061 —
0.055 |- -
0,05 | | | | | | | | | i
0 110° 210" 310" 410" 5100 610" 710" 810" 910’ 140
Number Line
19 Average Spacing between Prime Numbers
T T T T T
(@)
£
a
&

13
0 110° 210" 310" 410" 510" 6100 710" 810 910 1410

Number Line

Sieve of Eratosthenes.mcd —4-— © Roy Jensen, 2002



