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Euler 0001

The Problem:

Listing all multiples of 3 and 5 under 1000.
Given: 3,5,6,9 are all multiples of 3 and 5 below 10.

Considerations:

We could iterate through every multiple of these numbers but there is going to be overlap when
their multiples are divisible by both of them. Such examples would be 15 or 30. In these cases we
don't want to add these numbers to the totals twice. This is what we need to watch out for in the
code.

The Approach:

1. Keep iterating through all the multiples of 3 and 5
2. Add each number to a set, or a list with a not in conditional
3. Sum the set or list

The Code:

target under = 1000
multiples = [3,5]
found = []

#go through each of our multiples
for multiple in multiples:
#set the running total equal to the first multiple
running total = multiple
#keep incrementing until we go over the target, then go to the next multiple
while running total < target under:
#add the running total to the list if it is not already in it.
if running total not in found:

found += [running total]



running total += multiple



Euler 0002

The Problem:

Each new term in the Fibonacci sequence is generated by adding the previous two terms. By
starting with and , the first terms will be: 1,2,3,5,8,13,21,34,55,89

By considering the terms in the Fibonacci sequence whose values do not exceed four million, find
the sum of the even-valued terms.

What we know:

e We need to generate the Fibonacci sequence up to 4,000,000.
e We only need to keep every other number in the sequence.

Considerations:

Time-space considerations and decisions to be made:

e We could choose to store 0 numbers and recursively generate all numbers up to
4,000,000.
o This spends both a lot of time although it doesn't use a large permanent space.

e We could generate all of the Fib. numbers up to 4,000,000 and store them in a list, good
for referencing later, and will reduce redundancy.

e We could keep only the last 2 Fib. numbers and keep dropping the last one when we get a
new one.

The Code:

fib 1 = 1
fib 2 = 2
limit = 4000000

#running total set to 2 because it is odd

running total = 2

#keep going until fib 1 and fib 2 totaled > limit



while fib 1 + fib 2 < limit:
fib = fib 1 + fib 2
fib 1 = fib 2
fib 2 = fib

#add to the running total if it is even.
if fib % 2 ==

running total += fib



Euler 0003

The Problem:

The prime factors of 13195 are 5, 7, 13, and 29.
What is the largest prime factor of the number 6009514751437

Considerations:

There are a lot of approaches, of which | will probably use later.
We are going to start with some basic sieving and then work out a more general algorithm:

Iterate from 2 to the upper limit:
- Is it divisible by 2:

- add 2 to the prime factors list

- set the loop to iterate up to upper_limit/2

- Is it divisible by 2:
- Keep doing above operation

- Is it divisble by 3:

- add 3 to the prime factors list

- set the loop to iterate up to upper_limit/3
- We don't care about 4.
- Is it divisible by 5:

- add 5 to the prime factors list

- set the loop to iterate up to upper_limit/5
- We don't care about 6.
- Is it divisible by 7:

- add 5 to the prime factors list

- set the loop to iterate up to upper_limit/7
etc.

Something to note: We don't care about any multiples of 2 and 3 after we check them, so a quick

way to get around checking these multiples we can iterate through the loop by adding 6 and
checking the before and after numbers.

The Code:



upper limit = 6009515658416
#upper limit = 20023110541 #, good to use to double check. Is 2 [2,2],3,167
current upper limit = upper limit

prime factors = []

#we are going to hardcode 2 and 3 for looping sake
if upper limit % 2 == 0:
while current upper limit % 2 == 0:
current upper_ limit = current upper_ limit/2
prime factors += [2]
if upper_limit % 3 == 0:
while current upper limit % 3 == 0:
current upper limit = current upper limit/3
prime factors += [3]

current = 6

#go up to the upper limit of numbers, add 2 for edge case (I'm not sure that part is
correct)
while current < current upper limit + 2:
#print(prime_factors, current upper limit)
#print(prime_factors, current upper limit)
#check the numbers before and after the increment of 6
#add them to the prime factors as many times as necessary
#keep dividing the new number to use.
if current upper limit % (current - 1) ==
while current upper limit % (current - 1) ==
current upper limit = current upper limit/(current-1)
prime factors += [current-1]
if current upper limit % (current + 1) ==
while current upper limit % (current + 1) ==
current _upper _limit = current upper limit/(current+1)
prime factors += [current+1]

current += 6

print(prime factors)

The Twist:



While | was testing this it took insanely long because | was calculating for 600951475143 instead of
600851475143.

The largest prime factor of 600851475143 is 6857. This is not very high, and easy enough to brute
force.

The largest prime factor of 600951475143 is 1552846189. This is a lot of iterations to get too and
the code would timeout.

After reading the solution provided by Project Euler | understood what | was missing to get the
solution to this typo'd part.

Every number can have at most one prime factor that is greater than its square root.
| have modified the code below to reflect this change and break out of the while loop if the
current_upper_limit is greater than the square root of the original number.

This means that we only have to iterate through 775210 (square root of 600951475143) before we
(can rightfully) call it quits and accept that:

- This is prime

- This is the last prime factor

Updated Code:

import math

upper limit = 600951565841652

#upper limit = 20023110541 #, good to use to double check. Is [2,2,3,167]
current upper_limit = upper_limit

sqrt_limit = math.sqrt(upper_limit)

prime factors = []

#we are going to hardcode 2 and 3 for looping sake
if upper limit % 2 == 0:
while current upper limit % 2 == 0:
current upper limit = current upper limit/2
prime_ factors += [2]
if upper limit % 3 == 0:
while current upper limit % 3 == 0:
current upper limit = current upper limit/3
prime factors += [3]

current = 6



#go up to the square root
while current < sqrt limit:
#print(prime factors, current upper limit)
#check the numbers before and after the increment of 6
#add them to the prime factors as many times as necessary
#keep dividing the new number to use.
if current upper limit % (current - 1) ==
while current upper limit % (current - 1) ==
current upper _limit = current upper limit/(current-1)
prime factors += [current-1]
if current upper limit % (current + 1) ==
while current upper limit % (current + 1) ==
current upper limit = current upper limit/(current+1)
prime factors += [current+1]

current += 6

#if we looped beyond the square root limit and the number
#we are left with isn't 1, then it is the final prime factor.
if current upper limit != 1:

prime factors += [current upper limit]

print(prime_factors)



Euler 0004

The Problem:

9009 is a palindromic number since it can be read forwards and backwards the same. It is the
product of 91*99 and is the largest palindromic number generated by the product of 2 2-digit
numbers.

What is the largest palindromic number that is the product of 2 3-digit numbers?

The Approach:

The incredibly naive approach would be to start with 999*999 and iterate through all iterations
going down through all the numbers 999->1 and 999->1. We are probably going to find the
number pretty near the top, but still running the entire brute force is *only* 998001 iterations...
which isn't *too* bad.

As for the checker, we can convert the number into a string and check if it the same forwards and
backwards.

The Code:

largest palindrome = 0

def palindrome(number):

return str(number) == str(number)[::-1]

for i in range(1000,1,-1):
for j in range(1000,1,-1):
if palindrome(i*j) and i*j > largest palindrome:

largest palindrome = i*j

print(largest palindrome)



Euler 0005

The Problem:

2520 is the smallest number evenly divisible by the numbers 1 through 10.
What is the smallest number evenly divisible by the numbers 1 through 207

Considerations:

With the context provided we now know:
- That our function should produce 2520 with an upper limit of 10.
- The number we are looking for is less than the factorial of the upper limit.

The Approach:

One way we can approach this is to get the union of all the prime factors of each number.
There will be redundancy in this approach, but it should be performant enough.

Just listing out the first 6 numbers we should see:

-21[2]

-31[3]

-412,2]

-5 [5]

-61[2,3]

Which should mean that the function of 6 would produce 2*2*3*5 or 60.

I'll modify the prime factorizing method from Euler 3 to just produce prime factors.

The Code:

import math

smallest multiple = []
upper limit = 20

def prime factors(upper limit):



#upper_limit = 20023110541 #, good to use to double check. Is [2,2,3,167]
current upper_ limit = upper_ limit
sqrt limit = math.sqrt(upper limit)

prime factors = []

#we are going to hardcode 2 and 3 for looping sake
if upper_limit % 2 == 0:
while current upper limit % 2 == 0:
current upper _limit = current upper limit/2
prime factors += [2]
if upper limit % 3 == 0:
while current upper limit % 3 == 0:
current upper limit = current upper limit/3
prime factors += [3]

current = 6

while current < sqrt limit:
#print(prime_factors, current upper limit)
if current upper limit % (current - 1) ==
while current upper limit % (current - 1) ==
current upper limit = current upper limit/(current-1)
prime factors += [current-1]
if current upper limit % (current + 1) ==
while current upper limit % (current + 1) ==
current upper limit = current upper limit/(current+1)
prime factors += [current+1]

current += 6

if current upper limit != 1:

prime_factors += [current upper limit]

return prime_ factors

#start from 2 and go to the number we want to find
for i in range(2,upper_ limit + 1,1):
current pf = prime_ factors(i)
new_smallest multiple = []
#look at all of the numbers between our current set and what we just factorized

for number in set(smallest multiple).union(set(current pf)):



#add that many prime factors to the current smallest multiple
for j in range(max(smallest multiple.count(number),current pf.count(number))):
new smallest multiple += [number]

smallest multiple = new smallest multiple

print(smallest multiple)
print(math.prod(smallest multiple))



Euler 0006

The Problem:

The sum of squares n is defined by the sum of natural numbers ascending, such that,

sum_of squares(10)is 385.172 + 272 + ... 10 ~2.

The square of sum n is defined by the square of the sum of natural numbers ascending, such that,
square_of sum(10) is 3025. (1+2+...+10)"2 = 3025

Find the difference of these 2 values where n is 100.

Considerations:

Funny enough, this doesn't even need iterative computation, there are 2 different formula we can
work with:

- Sum of square: n(n+1)(2n+1)/6

- Sum of numbers (and then squared): (n(n+1)/2)"2

The Solution (No-Code!):

Which means that the final formula is (n(n+1)/2)"2 - n(n+1)(2n+1)/6
Which by hand:

- (100(101)/2)~2 - 100(101)(201)/6

- 25502500 - 338350

- 25164150



Euler 0007

The Problem:

Prime numbers are numbers that are only divisible by themselves and 1. Let's generate primes!
What is the 1001st prime?

The Approach:

We can re-use some of the prime factorization code, and just check the stacked prime factors that
we have accumulated.

We start with the primes 2 and 3 and just move up numbers up through numbers by 6 and check
each neighbor. This mathematically works out because of basic rules of sieving.

It is definitely not an optimal algorithm, but should be good enough for 1000 primes. So I'm happy
with that.

The Code:

prime count = 10001

prime factors = [2,3] #we can just start with 2 and 3, because we already know them

#simple prime checker
def add _if prime(number, primes):
is _prime = True
#check through all the primes we have gathered so far.
for prime in primes:
if number % prime == 0:
is prime = False

break

if is prime:

primes += [number]

return primes



#actual loop to iterate through

current = 6

while len(prime factors) < prime count:
add if prime(current-1, prime factors) #check the number before
add if prime(current+l, prime factors) #check the number after

current += 6 #loop through incrementing by 6

print(prime_ factors[prime count-1])



Euler 0008

The Problem:

In this giant 1000 digit number the greatest product of 4 adjacent numbers is 9%9*8*9 = 5832
We need to find the greatest 10 adjacent numbers

73167176531330624919225119674426574742355349194934
96983520312774506326239578318016984801869478851843
85861560789112949495459501737958331952853208805511
12540698747158523863050715693290963295227443043557
66896648950445244523161731856403098711121722383113
62229893423380308135336276614282806444486645238749
30358907296290491560440772390713810515859307960866
70172427121883998797908792274921901699720888093776
65727333001053367881220235421809751254540594752243
52584907711670556013604839586446706324415722155397
53697817977846174064955149290862569321978468622482
83972241375657056057490261407972968652414535100474
82166370484403199890008895243450658541227588666881
16427171479924442928230863465674813919123162824586
17866458359124566529476545682848912883142607690042
24219022671055626321111109370544217506941658960408
07198403850962455444362981230987879927244284909188
84580156166097919133875499200524063689912560717606
05886116467109405077541002256983155200055935729725
71636269561882670428252483600823257530420752963450

The Approach:

We can just iterate through... 1 thousand (minus 10) calculations is ultimately not much for the
computer.

To optimize a little better though, we can make assumptions with the window. When we move the
window across, if the number going out is larger than the number going in then we don't need to
run a calculation... it is going to be smaller than our current max.

Otherwise we will run the calculation.

The Code:



import math

large number =
"73167176531330624919225119674426574742355349194934969835203127745063262395783180169848018
694788518438586156078911294949545950173795833195285320880551112540698747158523863050715693
290963295227443043557668966489504452445231617318564030987111217223831136222989342338030813
533627661428280644448664523874930358907296290491560440772390713810515859307960866701724271
218839987979087922749219016997208880937766572733300105336788122023542180975125454059475224
352584907711670556013604839586446706324415722155397536978179778461740649551492908625693219
784686224828397224137565705605749026140797296865241453510047482166370484403199890008895243
450658541227588666881164271714799244429282308634656748139191231628245861786645835912456652
947654568284891288314260769004224219022671055626321111109370544217506941658960408071984038
509624554443629812309878799272442849091888458015616609791913387549920052406368991256071760
605886116467109405077541002256983155200055935729725716362695618826704282524836008232575304
20752963450"

window size = 13

best index = 0

best index value = math.prod([int(x) for x in large number[Q:window size]])

for i in range(1l,len(large number) - window size):
if int(large number[i-1]) < int(large_number[i+window size-1]):
current _value = math.prod([int(x) for x in large number[i:i+window_size]])
if current value > best index value:
best index value = current value
best index = 1

print("newly found at ", best index, best index value)

print(large _number[best index:best index+window size])



Euler 0009

The Problem:

A pythagorean triple is such that integers a, b, ccanbe a”™2 + b™2 = c"™2.

There exists a pythagorean triple that sum total of a + b + ¢ = 1000. Find it.

The Approach:

As a relatively naive approach:
- We can iterate through a and b and take the sum of squares and then the square root of the
result to produce ¢
-Weadda+b+c:
- If the sum is the goal then we break
- If the sum is greater than the goal then we break and continue with an increment
- If the sum is less than the goal we continue

The Code:

import math

number to find = 1000

a=20
b=20
c=20

#we will never reach the end, but it to prevent it from going infinite
for i in range(1l,number to find):
for j in range(i,number to find): #we can start from i because we technically already
calculated the reverse of the pair
c = math.sqrt(i**2 + j**2)
if int(c) == c: #if it is actually an integer, we will continue

if i + j + ¢ > number to find:



break

elif i + j + int(c) == number to find:
a=1
b=1j

break #don't forget this break, it's crucial, lol

if a != 0: #we can break out if we found the triple

break

print(a,b,c)
print(a+b+c)
print(a*b*c)

print(a**2+b**2, c**2)



Euler 0010

The Problem:

We are finding primes again, this time all the primes up to 2000000!

We are going to modify the code that was created in Euler Problem 7 to generate up to a number
instead of up to a prime count.
Then it is a simple matter of summing up all of the primes.

The issue... the last prime generator took 2.4 seconds to generate up to 100,000. So.. It's probably
not going to make the Euler 1 minute guarantee if we are going to 20 times the number.

Considerations:

Yeah, | tried the more brutish generator and it didn't work... I'm going to try a different and possibly
even stranger approach.

I am going to represent the threshold that we want to get to as an array of numbers. This does
mean | am trading computation for space... but space is cheap.

The Approach:

We will start with an array of 2000000 and then cull out 0 and 1.

Then we start at 2, ignore it, and mark everything that is a multiple of 2.
Then we go to 3, ignore it, and mark everything that is a multiple of 3.
We will keep going until there are no more numbers to check.

Basically, it's the sieve of Eratosthenes.

The Code:

prime threshold = 2000000
number list = list(range(2, prime threshold+l)) #initiating the sieve. Lot's of space here
on startup being used

prime list = []



current = 0
total iteration = 0
while current < len(number list): #while we haven't iterated through the whole sieve yet
if number list[current] != -1: #find the next number that isn't marked
prime = number list[current]

prime list += [prime] #add it to our prime list, because it is prime.

increment = current + prime
while increment < len(number list): #and go through the rest of the sieve marking
numbers with it
number list[increment] = -1
increment += prime
total iteration +=1

current += 1

print(len(prime list)) #look at the length of the prime list, this is the number of primes
under prime threshold

print(total iteration) #the amount of iterations that we made, much better than
recalculating primes for each number

print(sum(prime list)) #the answer



Euler 0011

The Problem:

Find the greatest product of 4 adjacent numbers in the grid (which can be found on the PE
website).
This can be up, down, left, right, or diagonal.

Considerations:

e We don't need to check left ever. In the last 3 columns we don't check right, either.

e We don't need to check up ever. In the last 3 rows we don't check down.

e We don't need to check up diagonals. We will check both left and right diagonals, and
ignore the relevant diagonals when we are in the first or last 3 columns. We don't need to
check diagonals in the last 3 rows.

The Approach:

Starting from 0,0 being the topmost leftmost corner of the grid, we can keep iterating through and
checking every case, remembering the considerations above.

The Code:

import numpy

from enum import Enum

class Direction(Enum): #not necessary to the solution, but helps me as a human visualize
where the solution is at

DOWN = "DOWN"

RIGHT = "RIGHT"

LEFT DIAG = "LEFT DIAG"

RIGHT DIAG = "RIGHT DIAG"

best index = [0,0]
best dir = Direction.DOWN



best product = 0
length = 4
grid = numpy.genfromtxt("numbers", delimiter=" ") #using numpy to read in the file to a

grid for us

for i in range(len(grid)): #go through every row in the grid
for j in range(len(grid[i])): #go through every column in the grid
#print(i,j)
#check right
if j < len(grid)-(length-1):
current prod =1
for k in range(length):
current _prod *= grid[i, j+k]
if current prod >= best product:
best index = [i,j]
best dir = Direction.RIGHT

best product = current prod

#check down
if i < len(grid)-(length-1):
current prod =1
for k in range(length):
current prod *= grid[i+k,]]
if current prod >= best product:
best index = [i,j]
best dir = Direction.DOWN

best product = current prod

#check down right
if i < len(grid)-(length-1) and j < len(grid)-(length-1):
current prod =1
for k in range(length):
current prod *= grid[i+k, j+k]
if current prod >= best product:
best index = [1i,]]
best dir = Direction.RIGHT DIAG

best product = current prod

#check down left



if 1 < len(grid)-(length-1) and j > (length-1):
current prod =1
for k in range(length):
current prod *= grid[i+k,j-k]
if current prod >= best product:
best index = [1i,]]
best dir = Direction.LEFT DIAG

best product = current prod

print(best index, best dir, best product) #prints out the best position, the direction it

points, and the product



Euler 0012

The Problem:

What is the value of the first triangle number to have over five hundred divisors?

Considerations:

We don't actually need to compute all of the divisors of a number, since the number of divisors can
be calculated by knowing the number of prime factors.

12, for example, has prime factors 2(2 of these) and 3. It has a total of 6 divisors, which can be
calculated by taking the quantity of each prime factor and adding 1, 2 for 2 becomes 3 and 1 for 3
becomes 2... Ok, maybe that's an obtuse way of explaining it... If you want a good explanation of it,

you can find it here: https://mathschallenge.net/library/number/number of divisors

The Approach:

We are going to use the same prime factors finder that we have before, but instead of we are going
to multiple by a running divisors count.

The Code:

import math

#This is a modification of the prime factor finder
def calculate divisors(number):

upper limit = number

current upper limit = upper_ limit

sqrt_limit = math.sqrt(upper_limit)

current _divisors =1

#we are going to hardcode 2 and 3 for looping sake
if upper limit % 2 == 0:

current div =1


https://mathschallenge.net/library/number/number_of_divisors

while current upper limit % 2 == 0:
current _upper limit = current _upper_ limit/2
current div += 1

current divisors *= current div

if upper limit % 3 == 0:

current div =1

while current upper limit % 3 == 0:
current upper limit = current upper limit/3
current div += 1

current divisors *= current div

current = 6

while current < sqrt limit:
#print(prime_factors, current upper limit)
if current upper limit % (current - 1) ==
current div =1
while current upper limit % (current - 1) ==
current upper limit = current _upper limit/(current-1)
current div +=1
current divisors *= current div
if current upper limit % (current + 1) ==
current div =1
while current upper limit % (current + 1) ==
current _upper limit = current_upper_ limit/(current+1)
current div +=1
current divisors *= current div

current += 6
return current _divisors
bailout = 100000 #keep checking up to a bailout number
triangle = 1
for i in range(2,bailout):
triangle += 1
if calculate divisors(triangle) >= 500:

break

print(i, triangle)






Euler 0013

The Problem:

There is 100 50-digit numbers that needed to be summed together. The attached file has been
added to do this.

Considerations:

In python this problem is irrelevant because we can fit giant numbers into the integer space and
python will work with it.

The Approach:

We read the file, sum the numbers, convert to string, and then convert back into number after
slicing the first 10 digits.

The Code:

numbers_file = open("numbers.txt", "r")
total = 0
for number in numbers file:

total += int(number)

print(str(total)[:10])



Euler 0014

The Problem:

We are trying to find the longest Collatz sequence under 1000000.

Considerations:

The collatz sequence follows 2 simple rules:
- if n is even, then n/2
-if nis odd, then n*3 + 1

5>16->8->4->2->1

6->5 ->4->3->2->1

The Approach:

The approach I'll take to this is to set up a dictionary of lengths at key n. If the key doesn't have a
value then it generates a collatz sequence until it returns 1 or a key that has a length value

The Code:

highest starting = 1000000
lengths dict = {1:1}
max_length =1

Il
=

length key

#the recursive function to generate collatz.
#Base case is satisfied by the lengths dict above already having 1 initialized.
def update lengths(number, lengths):

#print (number)

if lengths.get(number) == None:

if number % 2 ==



one_down = number/2
else:

number*3 + 1

one_down
lengths = update lengths(one down, lengths)

lengths[number] = lengths[one down] + 1
return lengths
for i in range(1l,highest starting + 1):
if lengths dict.get(i) == None:

lengths dict = update lengths(i, lengths dict)

if lengths dict.get(i) > max_length:

i

length key

max_length = lengths dict.get(i)

print(length key, max length)



Euler 0015

The Problem:

How many paths can you take if you just walk through a grid by only moving down and right?
We are looking for 20x20. 2x2 has a given value of 6.

Considerations:

As it turns out, this is just the max value of all the odd layers of pascal's triangle.
1

11

121

1331

14641

The Approach:

So if we generate 41 rows of pascal then we can take the max value and that is the answer.

The Code:

pascal rows = 41

def generate pascals last row(rows):
last row = [1]
#we have already generated row 1
for i in range(rows-1):
#take the first number (hint, it's 1)

current_row = [1]

#add up all the numbers and put them in between

for j in range(0, len(last row) - 1):



current row += [last row[j] + last row[j+1]]

#take the last number (hint, it's 1)

current row += [1]

last row = current row

return last row

print(max(generate pascals last row(pascal rows)))



Euler 0016

The Problem:

What is the sum of the digits of 210007

Considerations:

With python we can trivially calculate 21000 and then we can convert it to a string and sum its
digits.

The Approach:

We calculate 271000 and then we can convert it to a string and sum its digits.

The Code:

power = 1000

number = 2**power
total sum = 0
for digit in str(number):

total sum += int(digit)

print(total sum)



Euler 0017

The Problem:

If you were to write out a number as a word, you could then count the letters and generate a new
number.

For example: 1 becomes one which becomes 3.

We use british convention which adds an 'and' between the hundreds and tens place. For example
one hundred and forty-four.

How many letters are used in total to write out all of the numbers from 1 to 10007 We can exclude
hyphens.

Considerations and Approach:

There are a lot of uniques we need to keep track of, but then we can convert numbers off of a set
of rules.

l-one-3
2-two-3

3 -three-5

4 - four-4
5-five-4
6-six-3

7 - seven -5

8 - eight-5
9-nine-4
10-ten-3

11 - eleven -6
12 - twelve - 6
13 - thirteen - 8
14 - fourteen - 8
15 - fifteen - 7
16 - sixteen - 7
17 - seventeen - 9
18 - eighteen - 8
19 - nineteen - 8
20 - twenty - 6
30 - thirty - 6

40 - forty - 5

50 - fifty - 5

60 - sixty - 5

70 - seventy - 7



80 - eighty - 6
90 - ninety - 6
and - 3
thousand - 8
hundred - 7

1 through twenty have distinct numbers so we will need to keep that into account.

The Code:

number dict =
{1:3,2:3,3:5,4:4,5:4,6:3,7:5,8:5,9:4,10:3,11:6,12:6,13:8,14:8,15:7,16:7,17:9,18:8,19:8, 20:
6,30:6,40:5,50:5,60:5,70:7,80:6,90:6}

number end = 1000

total sum = 0
for i in range(1l,number end + 1):
construction = ""
hundred = False
if int(i / 1000) > 0:
total sum += number dict[int(i / 1000)] #thousands place number
#print(i,int(i / 1000))
total sum += 8 #the word thousand
if int((i % 1000) / 100) > 0:
#print(i,int((i % 1000) / 100))
total sum += number dict[int((1i % 1000) / 100)] #hundreds place number
total sum += 7 #the word hundred
hundred = True
construction += str(int((i % 1000) / 100)) + "hundred"
if int((i % 100)) > 0:
tens = int((i % 100)/10)*10
ones = int((i % 100))
ones true = int(i%10)
if hundred:

construction += " and "



total sum += 3 #the word and
if tens >= 20: #numbers greater than 20
construction += str(tens)
total sum += number dict[tens]
if ones > 9 and tens < 20: #10 through 19
construction += str(ones)
total sum += number dict[ones]
if ones true > 0 and (ones < 10 or ones > 19): #ten through 19 are weird
construction += str(ones true)

total sum += number dict[ones true]

#print(construction)

print(total sum)



Euler 0018

The Problem:

Moving through a triangle of number (every number chosen yields 2 more numbers to choose),
what is the highest sum path in the triangle?

Considerations and Approach:

We will populate a tree data structure with the data from the triangle, and then work from the
bottom up to find the best path.

Starting at the bottom of the tree take the value of the nodes themself, then when moving up the
tree, take the best value from the left and right children and add it to the sum.

This results in the top node having the best sum.

The Code:

triangle_file = Open("triangle", uru)

class Node:

def init (self, value):

self.l node = None

self.r _node = None

self.value = value
self.l sum = -1
self.r sum = -1

self.best = -1

#not necessarily the prettiest way to construct a tree... but oh well.
#there is a lot by reference here.
top triangle = int(triangle file.readline())

triangle tree = Node(top_triangle)



past line = [triangle tree]

for line in triangle file:
current line = [Node(int(x)) for x in line.split()]
for i in range(len(past line)):

past line[i].l node = current line[i]

past line[i].r node = current line[i+1]

past line = current line

#make a function to populate the sums
def pop sums(node : Node):
if node.l node is None:
node.l sum = node.value
node.r sum = node.value
node.best = node.value
else:
#make sure both below are populated
if node.l node.best == -
pop_sums (node.l node)
if node.r node.best == -

pop_sums(node.r node)
node.l sum = node.l node.best + node.value
node.r sum = node.r node.best + node.value
node.best = node.l sum if node.l sum > node.r sum else node.r sum

pop _sums(triangle tree)

print(triangle tree.best)



Euler 0019

The Problem:

How many Sundays fell on the first of the month between Jan 1 1901 and Dec 31 20007

Considerations:

There is for sure a number theory mathematical way of handling this... but...

Approach:

What if we just imported a python calendar module and counted how many Sundays were between
then and now?

The Code:

import calendar

year = 1901
end year = 2000

sunday first days = 0
for i in range(year, end year + 1):
this year = calendar.Calendar().yeardayscalendar(i,12)
for year in this year:
for month in year:
for week in month:
if week[6] == 1:

sunday first days +=1

print(sunday first days)



Euler 0020

The Problem:

What is the sum of the digits of 100! where n! means 1x2x3x4x...xn?

Considerations and Approach:

For Python this is trivial to produce 100! and then take the sum of the digits by converting to a
string and back.

The Code:

import math
factorial = 100
number = sum([int(x) for x in str(math.factorial(factorial))])

print(number)



Euler 0021

The Problem:

Let d(n) be defined as the sum of proper divisors of (numbers less than n which divide evenly into
n.

If d(a) = b and d(b) = a, where a =/= b, then a and b are an amicable pair and each of a and b are
called amicable numbers.

For example, the proper divisors of 220 are 1,2,4,5,10,11,20,22,44,55 and 110; therefore d(220) =
284. The proper divisors of 284 are 1,2,4,71 and 142; so d(285) = 220.

Evaluate the sum of all the amicable numbers under 10000.

Considerations and Approach:

We can generate divisors up to 10,000 for each number using a modified Euler 3.

We can store a dictionary of sums (this is probably unoptimal) as we go along.

When we store a sum, we can check if the sum is already in the dictionary. If it is and the dictionary
value for that sum is the original number, we can add both the number and the sum into the
dictionary.

The Code:

import math

#generating the primes beforehand is incredibly helpful, since we really don't need to re-
brute force these
def generate primes(upper):

prime threshold = upper

number list = list(range(2, prime_threshold+1))

prime list = []

current = 0
total iteration = 0

while current < len(number list):



def

if number list[current] != -1:
prime = number list[current]

prime list += [prime]

increment = current + prime

while increment < len(number list):
number list[increment] = -1
increment += prime

total iteration +=1

#print(number list)
#print(prime_ list)

current += 1

return prime list

divisor finder(number, primes):

upper_limit = number

#upper_limit = 20023110541 #, good to use to double check. Is [2,2,3,167]
current upper limit = upper_ limit

sqrt limit = math.sqrt(upper limit)

prime factors = []

#we are going to hardcode 2 and 3 for looping sake
i=20
while primes[i] < sqrt limit and i < len(primes):
while current upper limit % primes[i] ==
current upper limit = current upper limit/primes[i]
prime_factors += [primes[i]]

i+=1

if current upper limit != 1:

prime factors += [current upper limit]
#print(prime_factors)
prime counts = [[prime factors[0], prime factors.count(prime factors[0])]]

#print(prime counts,prime counts[-1][0],prime factors[1])

for i in range(1l,len(prime_ factors)):



#print(prime counts[-1]1[0],prime factors[i])
if prime _counts[-1][0] != prime factors[i]:

prime counts += [[prime factors[i], prime factors.count(prime factors[i])]]

#print(prime_counts)

[1]

[x[1] for x in prime_ counts]

divisors

counters
#print(counters)
while sum(counters) > 0:
new divisor =1
for i in range(len(counters)):
#print(prime_counts[i][0],counters[i], new divisor)
new divisor *= prime_counts[i][0]**counters[i]

divisors += [new divisor]

counters[0] -=1
for i in range(len(counters)):
if counters[i] == -
counters[i] = prime_counts[i][1]
if i !'= len(counters) - 1:
counters[i+l] -=1
else:

break

divisors.sort()

return divisors[:-1]

upper = 10000
prime list = generate primes(upper)
#print(prime_ list)
all amicables = []
number sums = {}
for y in range(2,upper):
number sums[y] = sum(divisor_ finder(y,prime_ list))
if number sums[y] in number sums:
if number sums[y] != y:

if number sums[number sums[y]] ==



all amicables += [number_sums[yl, y]

# print(divisor finder(220), divisor finder(284))

# print(sum(divisor finder(220)), sum(divisor finder(284)))
print(number sums[220],number sums[284])

print(all amicables)

print(sum(all _amicables))



Euler 0022

The Problem:

Get the total sum of a file of names if each letter in the name is mapped from 1-26 and then
multiplied by the position in an alphabetical sort.

Considerations and Approach:

We read in the file into an array of names. After that it just needs to be sorted and then propagated
through to add the letter sum multiplied by the alphabetical position to the total sum.

The Code:

names = open("names.txt", "r")
name list = sorted([x[1:-1] for x in names.readline().split(",")])

names_score = 0
for i in range(len(name list)):
current name = name list[i]
current _score = 0
for letter in current name:
#print(letter, ord(letter) - 64)

current score += ord(letter) - 64

names _score += current score*(i+1)

print(name list[i], (i+1)*current score, names score)

print(len(name_list))



Euler 0023

The Problem:

A perfect number is a number for which the sum of its proper divisors is exactly equal to the
number.

A number is called deficient if the sum of its proper divisors is less than and it is called abundant if
this sum exceeds.

As 12 is the smallest abundant number, the smallest number that can be written as the sum of two
abundant numbers is 24. By mathematical analysis, it can be shown that all integers greater than
28123 can be written as the sum of two abundant numbers. However, this upper limit cannot be
reduced any further by analysis even though it is known that the greatest number that cannot be
expressed as the sum of two abundant numbers is less than this limit.

Find the sum of all the positive integers which cannot be written as the sum of two abundant
numbers.

Considerations and Approach:

Based off of the question we know that we only have to go up to 28123.

We are going to generate all abundant numbers up to 28123 - 12, which is the the smallest
abundant number.

After we generate all abundant numbers, we can generate all of the numbers that are sums of two
abundant numbers. Then we subtract that from 28123 and voila.

The Code:

import math

def generate primes(upper):
prime_ threshold = upper
number list = list(range(2, prime_threshold+1))

prime list = []

current = 0



total iteration = 0
while current < len(number list):
if number list[current] != -1:
prime = number list[current]

prime list += [prime]

increment = current + prime

while increment < len(number list):
number list[increment] = -1
increment += prime

total iteration += 1

#print(number list)
#print(prime_ list)

current += 1

return prime list

def divisor finder(number, primes):
upper_limit = number
#upper limit = 20023110541 #, good to use to double check. Is [2,2,3,167]
current upper limit = upper_ limit
sqrt_limit = math.sqrt(upper_limit)

prime factors = []

#we are going to hardcode 2 and 3 for looping sake
i=0
while primes[i] < sqrt limit and i < len(primes):
while current upper limit % primes[i] == 0:
current upper limit = current _upper limit/primes[i]
prime factors += [primes[i]]

i+=1

if current upper limit != 1:

prime factors += [current upper limit]

#print(prime_factors)

prime counts = [[prime factors[0], prime factors.count(prime factors[0])]]



#print(prime_counts,prime counts[-1]1[0],prime_ factors[1])
for i in range(1,len(prime_factors)):

#print(prime counts[-1][0],prime factors[i])

if prime counts[-1][0@] != prime factors[i]:

prime counts += [[prime factors[i], prime factors.count(prime factors[i])]]

#print(prime_counts)

divisors = [1]
counters = [x[1] for x in prime counts]
#print(counters)
while sum(counters) > 0:
new divisor =1
for i in range(len(counters)):
#print(prime_counts[i][0],counters[i], new divisor)
new divisor *= prime counts[i][O]**counters[i]

divisors += [new divisor]

counters[0] -=1
for i in range(len(counters)):
if counters[i] == -
counters[i] = prime counts[i][1]
if i !'= len(counters) - 1:
counters[i+l] -=1
else:

break

divisors.sort()

return divisors[:-1]

upper limit = 28124

prime list = generate primes(upper_limit)

abundant _nums = []

for i in range(12, upper limit-12):
divisors = divisor finder(i, prime_ list)
if sum(divisors) > i:

#print(i,sum(divisors), divisors)



abundant _nums += [i]

print(abundant nums)

abundant _sum nums = []
for numl in abundant nums:
for num2 in abundant nums:
number = numl + num2
if number < upper limit:
abundant _sum nums += [number]
else:

break

print(len(abundant nums))

remove = set(abundant sum_ nums)

keep = [x for x in range(l,upper limit)]
for number in remove:

keep.remove (number)

print(len(keep))



Euler 0024

The Problem:

What is the millionth lexicographic permutation of the digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 97?

Considerations and Approach:

Well, this is another problem that Python has a simple built in way...

Generating all of the permutations of the numbers 0-9 is not computationally an issue for itertools,
we can then sort those permutations and grab out the millionth permutation and that's our answer.

The Code:

import itertools

#Sorry that the next few lines don't look pythonic, I adjusted them for comment clarity
sake

#The line should actually just read
sorted(itertools.permutations(list(range(10))))[999999]

#We sort
sorted(
#all the permutations
itertools.permutations(
#of the numbers 0-9
list(range(10))
)
#and then we grab out the millionth permutation

) [999999]



Euler 0025

The Problem:

What is the first Fibonacci number with 1000 digits?

Considerations and Approach:

This is somewhat trivial with Python since it can store a 1000 digit number with relative ease, and
we don't need to run a super efficient Fibonacci algorithm or store many numbers at all.

The Code:

fib 1 =1
fib 2 = 2

digits to find = 1000

#Start at index of 4 because we already have 1,1,2

running count = 4

#keep going until the next fib digit length is greater than or equal to the digit to find.
while len(str(fib 1 + fib 2)) < digits to find:

fib = fib 1 + fib 2

fib 1 = fib 2

fib 2 = fib

running count += 1

print(running_count)



Euler 0026

The Problem:

Find the value of a,b of N2 + an + b where |a] < 1000 and |b| <= 1000 where starting fromn =0
and incrementing, there is the largest consecutive chain of primes.

Considerations and Approach:

The way that we can approach this is by incrementing a from -999 to 999 and b from -1000 to
1000.

We only have to generate 1000”2 + 1000*1000 + 1000 as the upper limit of primes that we need
to search as well.

We are going to generate all of these primes and as we increment we will first check that the sum
ofa + b > 1ifitisn't then we are not starting off with a prime. Once we have done this initial check
to cull all of the numbers that for sure won't work, then we can check for primality (we could just
start the incrementers at the best spot but ehhh...)

To check for primality we generate a list of primes up to the upper limit that we are searching and
then convert this list into a dictionary that returns true on a hit. This way, we aren't searching
through a list, we are just doing a direct dictionary lookup and verifying that it is indeed prime.

(Without setting up this dictionary lookup this program took minutes and it only got through a = -
800 because searching a rather large list using the in operator gets expensive near the end of the
list. Doing a dictionary only made this whole operation about 1 second, after the prime generation)

Not my most brilliant solution, but fun nonetheless and still efficient enough for the problem space.

The Code:

#This generates primes up to a threshold using sieving.
#1've used this sieve generator in many of my problems.
prime threshold = 2*(1000**2) + 1000

number list = list(range(2, prime_threshold+1))

prime list = []



current = 0
total iteration = 0
while current < len(number list):
if number list[current] != -1:
prime = number list[current]

prime_list += [prime]

increment = current + prime

while increment < len(number list):
number list[increment] = -1
increment += prime

total iteration +=1

#print(number list)
#print(prime list)

current += 1

HEHHHH

#convert the list into a dictionary of {int:True}

#so that .get will return hits or null/false (I don't remember what it does)
quick prime list = {}

for prime in prime list:

quick prime list[prime] = True

HHH

#Set up the variables
a = -999

b = -1000

longest n = [a,b]
longest n length = 0
1000

upper stop a

upper_stop b 1000 #b is inclusive
#increment a to the upper stop
while a < upper stop a:

#increment b to the upper stop inclusive



while b <= upper_stop b:
n==~0
#if it is less than 2 then the first number isn't prime...
ifa+b>1:
#now we just keep incrementing n while checking the prime list
while quick prime list.get(n**2 + a*n + b):

n+=1

#is this the highest n that we have generated???
if n > longest n length:
longest n length = n
longest n = [a,bl]
b +=1

#reset the a loop
b = -1000

a+=1

#use as debug to check the status of the a (main) loop
#if a % 10 == 0:

# print(a)



Euler 0028

The Problem:

If you were to build a square starting with 1 in the middle then going right, down, left 2, up 2, right
2, and repeat, all the corner numbers would be diagonals.

On the Project Euler website there is a nice graphic that I'm not putting here.
What is the sum of the numbers on the diagonals in a 1001 by 1001 spiral formed in the same

way?

Considerations and Approach:

This problem is bait. We don't have to generate a 2d structure. Instead we can observe the pattern
of skipping.
1.3.5.7.9...13...17...21...25.....30

We start with one and add 1. Every four times we add, we add 2 to the skipping distance, and we
declare our square 2 larger!

The Code:

max_square = 1001

spiral =1
square_size = 2
total =1
while square size + 1 <= max_square:
for i in range(4):
spiral += square size

total += spiral
square_size += 2

print(total)






Euler 0029

The Problem:

How many distinct terms are in the sequence generated by a”b for a and b being bounded to 2
and 100 inclusive?

Considerations and Approach:

Naively, this is only processing 100¥100 numbers, not really much at all.
We can create a python set and then insert every calculation, so it will remove the redundancy.

The Code:

1]
N

lower limit

100

upper_limit

#create a set
distinct = set()
#go through the inclusive ranges
for i in range(lower limit, upper limit + 1):
for j in range(lower limit, upper limit + 1):
#do the set addition operator for a”b

distinct.add(i**j)

#print how many distinct pairs that we created

print(len(distinct))



Euler 0030

The Problem:

Surprisingly there are only three numbers that can be written as the sum of fourth powers of their
digits: 1634, 8208, 9474
We ignore 1 for the trivial case,lol.

Find the sum of all the numbers that can be written as the sum of fifth powers of their digits.

Considerations and Approach:

We need to find an upper limit first, which we can do by adding 975 to a sum until the sum is less
than the number of digits.
There is no number that is going to fit these conditions above that upper limit.

Then we increment 1 to the upper limit and find all these multiples

The Code:

upper_limit 9**5

Il
=

digit count

#find the upper limit
while len(str(upper limit))/digit count > 1:
upper_limit += 9**5

digit count +=1

print(upper limit, digit count)

#calculate every number between here and there
digit fifths = []
for i in range(2, upper limit):

current digit sum = 0

for j in [int(x) for x in str(i)]:



current _digit sum += j**5
if current digit sum == 1i:

digit fifths += [i]

print(digit fifths)
print(sum(digit fifths))



Euler 0032

The Problem:

Pandigital numbers are numbers that have 1-n shown exactly once.
7254 is unusual because 39 * 186 = 7254, which is pandigital through the whole calculation.

What is the sum of all products that can generate these pandigital calculations?

Considerations and Approach:

Seeing that it is 1-9 pandigital, it would be good to skip multiplicand and multipliers that contain
Os.

Assuming a * b = ¢, we can increment b up until the total digit length is > 9, then we increment a
and reset b back to a. When b is reset and a is incremented we can check if total digit length is > 9
and break

The Code:

break threshold = 1000000000 #just something comfy to break

cycles = 0

pands = set()

#only break if the len of the all the digits is greater than 9 (pigeonhole)
while cycles < break threshold and len(str(a)) + len(str(b)) + len(str(a*b)) <= 9:
current str = str(a) + str(b) +str(a*b)
#iterate b until the current string length exceeds 9
while len(current str) <= 9:
if len(current str) ==

#we don't accept 0s, we are looking for 1-9



if '0' not in current str:
#all digits appear once so the sum of counts should be 9 (9 numbers)
if sum([current str.count(x) for x in current str]) ==
pands.add(a*b)
b +=1

current str = str(a) + str(b) + str(a*b)

#increment the cycle
a+=1
b =a

cycles +=1

print(pands, cycles)

print(sum(pands))



Euler 0033

The Problem:

The fraction 49/98 is a curious fraction, as an inexperienced mathematician in attempting to
simplify it may incorrectly believe that 49/98 = 4/8, which is correct, is obtained by cancelling the
9s.

We shall consider fractions like, 30/50=3/5, to be trivial examples.

There are exactly four non-trivial examples of this type of fraction, less than one in value, and
containing two digits in the numerator and denominator.

If the product of these four fractions is given in its lowest common terms, find the value of the
denominator.

Considerations and Approach:

Naively... we can iterate through the denominator up to 100, and then iterate through the
numerator up to the denominator.

To find the solution we can check every number such that the denominator and numerator have an
equal digit, and that the result of the fraction is the same as the digit reduced fractions.

We skip every multiple of 10 over 10 since humerator would make the reduced single digit fraction
= 0, which won't ever be the case of the base fraction, or it will be undefined, which is problematic.
We can start from 11 every time since we can't digit reduce a single digit number.

The Code:

import math

upper_limit = 100



cycles = 0

non trivial den

[l
[l

non_trivial num

#denominator and numerator
for denominator in range(11,100):
for numerator in range(1l1l,denominator):
if denominator % 10 == 0 or numerator % 10 == 0:
pass
else:
#iterate through the denominator to find numbers that are equivalent
counter = 0
for den_index in range(len(str(denominator))):
for num_index in range(len(str(numerator))):
cycles += 1
if int(str(numerator)[num index]) == int(str(denominator)[den index]):
new num = int(str(numerator)[:num index] +
str(numerator)[(num_index+1):1])
new _den = int(str(denominator)[:den_index] +
str(denominator)[(den_index+1):1])
if numerator/denominator == new num/new den:
print(denominator, numerator, new num, new_den)
non trivial den += [new den]

non_trivial num += [new num]

print(cycles, math.prod(non trivial den), math.prod(non_trivial num))



Euler 0034

The Problem:

Find the sum of all numbers equal to the sum of their factorials.

Considerations and Approach:

We can find the upper limit by filling a number with 9s and checking that the sum of the digits is
greater than the factorial of the number.

After we find the upper limit, we increment through it and check each ones factorial, then take the
sum of the digits.

The Code:

import math

#find the upper limit
digits = 9
sum _digits = math.factorial(9)
while sum digits > digits:
digits *= 10
digits += 9

sum_digits += math.factorial(9)
print(len(str(digits)), digits, sum digits)
### part 2 since we now know the upper limit
upper limit = 2540160
fact nums = []

for i in range(3, upper_limit):

if i == sum([math.factorial(int(x)) for x in str(i)]):



fact nums += [1i]

print(fact nums)



Euler 0035

The Problem:

Circular primes are primes that can be caesar'd and still be the prime all the way through.

Find how many circular primes there are below 1 million.

Considerations and Approach:

We are going to generate all the primes under 1000000, then iterate through all of them.
For each prime we will rotate it by it's length - 1 and if every rotation is a prime, then it is a circular
prime

The Code:

import math

prime threshold = 1000000
number list = list(range(2, prime threshold+1))

prime list = []

current = 0
total iteration = 0
while current < len(number list):
if number list[current] != -1:
prime = number list[current]

prime list += [prime]

increment = current + prime

while increment < len(number list):
number list[increment] = -1
increment += prime

total iteration += 1



#print(number list)
#print(prime_list)

current += 1

print(len(prime list))

circ_primes = [2]

prime list = [prime for prime in prime list if 'Q' not in str(prime) and '2' not in

str(prime) and '4' not in str(prime) and '6' not in str(prime) and '8' not in str(prime)]

print(len(prime list))

iterations = 0
for prime in prime list:
iterations += 1
circular = True
current = prime
for i in range(1l,int(math.log(prime, 10))+1):
current = int(str(current)[-1] + str(current)[0:-1])
#print(prime, current)
#print(prime, current)
if current not in prime list:
circular = False

break

if circular:

circ_primes += [prime]

if iterations % 10000 == 0:

print(iterations/len(prime list))

#print(circ_primes)

print(len(circ_primes))



